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ABSTRACT

Ozesmi. M. The fibrous zeolite *’erionite’’: medical importance and experimen-
tal findings and some studies on immunological effects of mineral fibres.
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Among the 575 inhabitants of village of Karain, Turkey, there were 18 deaths
during 1975/76, therof 11 due to malignant pleural mesothelioma. In neigh-
bouring village no mesothellomas were found. No asbestos occurs in the village.
The bedrock is volcanic zeolite and contains a fibrous component called erionite.

Rocks from Karain containing erionite were grinded into dust. This dust was
injected into the peritoneum of mice. In 321 mice which died spontaneously
between 8 and 32 months after injection, malignant mesothelioma was seen in
41 and malignant lymphoma in 31. In addition, 11 animals had both malignant
mesothelioma and malignant lymphoma. In control animals, few mesotheliomas
and lymphomas were seen.

Immigrants from Karain living in Stockholm, Sweden, were invited to a health
survey including clinical and radiological investigation and blood tests. Phenotypic
characterisation of peripheral blood lymphoid cells was performed in 74 of them.
There was a significant decrease in the percentage of T helper/inducer cells, while
suppressor/cytotoxic cells were normal. Pleural reactions (visible fissures, pleural
thickening and pleural plaques) were observed on chest roentgenograms. Lung
function and clinical investigation were unremarkable.

Forty-five persons occupationally exposed to asbestos and with pleural plaques,
diffuse pleural fibrosis or acute benign asbestos pleurisy were next investigated.
Helper/inducer T cells were significantly decreased among those with diffuse
pleural fibrosis and acute pleurisy, but not among those with pleural plaques only.

Thus, erionite is highly carcinogenic as seen from epidemiological and
experimental studies. the mineral also affects the immune system and causes
abnormal blood levels of various immunregulatory T-cell subsets. Whether these
immunological changes are only secondary epiphenomena or if they have any
pathogenetic importance should be further investigated.
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LITERATURE REVIEW
INTRODUCTION

The term "endemic pleural plaques” was first coined by Kiviluoto
in 1960, He described endemic occurrence of pleural calcification
in the general population in a part of Finland where the
environment was polluted by anthophyllite asbestos (39). Other
such areas in Europe have since been reported. In the 1970s,
investigations in Turkey revealed that endemic plaques existed in
that country as well.

The first epidemiological survey on asbestos-related diseases in
Turkey was carried out by The Department of Lung Medicine of the
Haccettepe University School of Medicine. It was conducted in
Mihaliggik Town in the region of Eskisehir where asbestos occurs
in the surroundings and where there are many small asbestos
mills (29) (Map, figure 1).

A subsequent study on the prevalence of pleural calcifications
was done in Mihaliggik region (49). Similar field studies on
endemic pleural calcification and mesothelioma were done by
Yazicogiu in southeast Turkey (70,71). These environmental
studies revealed that there are both chrysotile and amphibole
types of asbestos in these districts.

NE JSKEHIR
*KAYSERT
BRCTYAS
DAG MOUNTAIN

FIGURE 1. MAP OF TURKEY SHOWING SOME OF THE PLACES
MENTIONED IN THE TEXT.
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FIGURE 2. THE GEOLOGY OF THE CAPPADOCIA AREA. MODIFIED FROM
THE OFFICIAL GEOLOGIC MAP OF TURKEY.

Occupational, paraoccupational and environmental exposure to
asbestos is common, especially in southeastern Turkey where
white stucco containing asbestos is used to paint the house walls
(8,10,70).

Knowing of these studies, the head-man of Karain village in the
district of Nevsehir in Cappadocia informed us at the Department
that there were many cases of cancer in his village and invited us
to study this. We therefore performed a survey in Karain (7).
There were many persons with malignant mesotheliomas and

pleural calcifications there, and consequently we expected to find

asbestos in the area.




FIGURE 3. ERIONITE FIBRES IN DUST FROM KARAIN. Magnification,
X77250.

However, the geological maps of Cappadocia region did not show
any deposits of asbestos (Figure 2) and further research
confirmed that the dust and rock samples from this region did not
contain asbestos. On the bais of this data the International
Agency for Research on Cancer (1ARC) agreed on urgent research
studies and these were started in 1978, They were conducted by
The Department of Lung Medicine of Hacettepe Medical School, the
MRC (British Medical Research Council), the Pneumoconiosis Unit
and Department of Mineral Exploitation of the University College
of Cardiff, UK, and the Unit of Epidemiology and Biostatistics of
IARC. Interest was soon focused on the occurrence of a fibrous
zeolite, erionite, which was found in the bedrock (Figure 3).
Experimental evidence demonstrated that this fibrous zeolite
(erionite) was cytotoxic. It is now known that erionite fibres are
found only in three Turkish villages: Karain, Tuzkoy and Sarihidir
(47).
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HEALTH RISKS IN RELATION TO SIZE OF MINERAL FIBRES

The fibrogenicity and carcinogenicity of asbestos fibres has long
been recognized. Increasing attention is currently being addressed
to the biological effects of mineral fibres other than asbestos.
This interest was generated by the work of Stanton and co-
workers, His group published the results of experimental works in
rats with 17 samples of fibrous glass with different dimensional
characteristics. They concluded that mineral fibres less then 1.5
micron in diameter and greater than 8 micron in length yielded
the highest probability of pleural mesothelioma (61). They later
extended their work with further experiments, confirming their
earlier findings (62). Thus, it seems that the fibre diameter,
length and shape are more important than the chemical
composition of the fibre. Fibres of the same small sizes are also
more toxic to cells in in vitro studies (18). That the
fibrogenicity of fibres is related to the same factors is also
becoming increasingly clear. The smaller fibres are phagocytosed
and cleared by the macrophages and are therefore less toxic (1,2).
The fact that a non-asbestos fibre could cause disease in man
generated much interest since this seemed to confirm these
experimental findings.

Crocidolite is the type of asbestos fibre which is recognized to
be the most potent cause of mesotheliomas in man (30, 33). Apart
from a small mine in Bolivia, South America, today it is only
mined in South Africa. In the area of the mine in North West Cape
Province the prevalence of malignant mesothelioma is very high.
In the other important crocidolite mine, in the Transvaal, the
incidence of mesothelima is much lower. Timbrell has shown that
the airborne fibres of the North West Cape Province mine have a
0.06 um median diameter with 99% less than 0.2g. For Transvaal
crocidolite and amosite fibres, the median diameters are 0.2 um
with 99% less than 0.5ug (66, 67). It has been suggested that
these differences in diameter are the main reasons for the diffe-
rent biological effects.

Thus, the longer the fibre and the smaller the diameter, the more
dangerous is the fibre. The diameter and length of erionite are
similar to those of the most dangerous types of crocidolite (13,
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65, 68), which agrees with the epidemiological findings of an
extremely high incidence of mesothelioma in the "erionite
villages".

GEOLOGY, OCCURRENCE AND OCCUPATIONAL USE OF
ZEOLITES
For an explanation of some geological terms, see table 1.

Zeolite is a generic term for various crystalline aluminosilicates
of alkali and alkaline earth cations having a three-dimensional
structure. They are characterized by the ability to lose or gain
water and to exchange cations without major damage to the
structure (44). The structure is a network of channels. leading
into sizeable cavities, enabling the adsorbtion of water and
molecules. Zeolite was first discovered by Cronsted, a Swedish
mineralogist, with the discovery of stilbite in 1756. The word
zeolite comes from the Greek words meaning To Boil-"Zein" an A
Stone-"Lithos", thus "boiling stone" because of the loss of water
that occurs when the rock is heated in the mineralogist's
blowpipe (48).

Erionite is one of the over 40 species of natural zeolites (Table
2). Zeolites are among the most common authigenic silicate
minerals that occur in sedimentary rocks of diverse age. Only nine
zeolites commonly make up the major part of zeolitic rocks.
These are analcime, chabazite, clinipliolite, erionite, ferrierite,
leulandite, laumontite, mordenite and philtipsite. Numerous
zeolites have also been synthetized. Linde A, Linde X, and Linde Y
are some examples (17,46).

Though zeolite rocks have been used as a building material for
more than 2000 years its first description appeared in 1756.
Zeolites were only exhibited in museums until the 1950s. During
the middle 1950s, when Union Carbide Corp. and other groups
were developing processes and markets for their fledgling
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TABLE 1. EXPLANATION OF SOME GEOLOGICAL TERMS IN THE
TEXT.

ALKALI: Igneous rocks with silicate minerals containing mainly
sodium and/or potassium.

ASBESTOS: Collective commercial name for certain distinct
silicate minerals which are fibrous. They are divided into
serpentine asbestos or chrysotile and amphibole asbestos, the
most important types being crocidolite, tremolite, amosite and
anthophyllite.

AUTHIGENIC: Rock which has developed in place during or after
deposition.

DIATOMITES: Sediment consisting of the remains of microscopic
plants. Consists mainly of silica.

IGNEOUS ROCKS: Very basic rocks, the primary rocks of the earth's
surface. Most are the results of melted silicates.

PYROCLASTIC MATERIAL: Material blown into the atmosphere by
an active volcano.

SEDIMENTARY ROCKS: Formed from materials from pre-existing
rocks by erosion and transportation.

TUFF; Consolidated ask from a volcanic eruption.

ULTRA-METAMORHIC ROCKS: Rocks which are profoundly meta-
morphized from heat and pressure without having melted.

synthetic zeolite businesses, natural zeolites were discovered as
major constituents of numerous volcanic tuffs in saline-lake
deposits of western USA and of massive marine deposits in Japan
and Italy. Since that time more than 1000 occurrences have been
reported from sedimentary rocks of voicanic origin in more than
40 countries of the world, and nowadays it is of great economic
importance and extensively used (Table 3) (44, 45, 60).

Natural and synthetic zeolites may occur in granular and fibrous
forms. Most of the zeolite species are non-fibrous, but are least
two of the natural zeolites, mordenite and erionite, are fibrous.
The short description of erionite is given in Table 4 (28).
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Erionite was first described and named by Eakle in 1898 from
Oregon (22). Erionite stems from a Greek word meaning wool.
There are erionite deposits in some parts of the world. In the USA
erionite is found in Oregon, South Dakota, Nevada, Arizona,
California and Wyoming. There are also some deposits in Japan,
Yugoslavia, Kenya, Tanzania, New Zealand, Mexico and Turkey
(15,22,44).

The percentage of erionite in zeolitic tuffs differs. In Nevada and
Japan some zeolite deposits contain large amounts. In the USA
two of six mineable deposits have been mined. Pure erionite
deposits are no longer mined for commercial use (15).

ZEOLITES IN TURKEY: GEOLOGICAL BACKGROUND

Turkey is geologically a most suitable country for the formation
of zeolites. According to the studies carried out by The
Department of Earth Sciences of Hacettepe University, zeolites
are abundant in many regions, among those Cappadocia (3). (Fig.
2).

The Cappadocia region is underlain by about 1000 to 1500 m. of
interbedded volcanic rocks. These volcanic rocks consist mainly
of salt flows, airfall tuffs, and ash-flow tuffs. Interbedded are
sedimentary rocks, some of which have been completely
transformed to zeolites (28,47).

During the last 100 million years in Cappadocia there was
repeated formation of saltstone. West from Aksaray there are
more than 1000 meters thick deposits of saltstone. Tuzkdy region
contains a distinctive saltstone in the upper part. It consist
largely of salts, carbonate rocks and diatomites. Near Cappadocia
is the inactive vulcano Erciyes Dagi (fig. 4). When it was active,
ash and lava were spewn out 60-80 km away. When this lava came
into contact with the alcalic salt lakes and saltsone, zeolite was
formed. The combination of highly reactive pyroclastic material
and saline, alkaline solutions is apparently ideal for the
crystallization of zeolites (28).
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Analcime

NaA1Si»0g.H0

Chabazite
(Ca,Na2)A15Si14012.6H20

Clinoptilotite
(NasKoCa)zAlgSizp072.24H00
Epistilbite

(Ca, Nap)3AlgSi1g048.16H20
Erionite

(Na2, K2, Ca)4 5A195i57079.27H20
Faujasite

(Na2, Ca)y 75A13 551 5024.16H20
Ferrierite

(K, Na)o(Mg, Ca)pAlgSizp072.18H20
Gismondine ’
(Ca, Nas, K2)4A1g51g032.16H20
Gonardite

Na2CaAl 451g020.5H20

Harmotome

(Ba, Nan)oAl45112032.12H20
Heulandite

(Ca, Nap)AlgSinog072.24H20
Laumonite

CayAlgSi|6048.6H20

Mordenite

(Nap, Ko, Ca)AlS110024.7Ho0

13

nd their formulas (15,21.48

Natrolite
Na4, A]4, 516, O2o4H20
Phillipsite
(Ko, Nag, Ca)pAlgSi|2032.12H20
Scolecite
CagpAlgSig0p0.6H20
Stilbite
(Ca, Na2)4A185128072.28H20
Thomsonite
NaCapAlgSig054.6Ho0
Wairakite
CaAlnSi14012.2H00
Yugawaralite
CaAl9Sig019.2H20
Mesolite
NapCap(Al5Si30 0)3-8H20
Edingtonite
Ba(AlpSi3010).4H20
Dachiardite
(Ca, Ko, Nag)3Al4511804s.1 4H20
Gmelinite
(Nap, Ca)Al,5814010.6H0
Levyne
Ca(A125i4012).6H0
Ashcroftine
KNaCa(Al4S5i50g).8Ho0
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TABLE 3. Medical and industrial uses of zeolites (15,46):

1.0xygen enrichment: The use of Op-concentrators makes long
term O2-therapy at home easier and less expensive. Nitrogen gas
is adsorbed from air by zeolite yielding a gas containing up to
95% oxygen. The useful zeolites for oxygen are mordenite,
clinoptilolites and chabazites.

2. Polishing agent in toothpaste and for separation of ammoniac
nitrogen from hemodialysis liquids. Clinoptilolites are used for
this.

3. Radioactive waste disposal, sewage effluent treatment,
agricultural waste water treatment, stack-gas cleanup and oil
spill cleanup because of the ion-exchange and absorption
properties.

4. Agricultural uses: Carriers of herbicides and pesticides; use
as soil conditioners and to control the moisture content of soils.
Also used as a dietary supplement in animal husbandry and as
sand for cats.

S. Industrial use : Coal gasification; petroleum production; solar
energy plants; natural gas purification; paper production;
construction; in mining and metallurgy.

To recognize zeolized tuff macroscopically is difficult. Therefore
zeolites were not described until 1978 in Cappadocia. After the
reports of endemic mesothelioma in the Cappadocia region
Ataman surveyed the region and found chabazite, mordenite and
erionite types of zeolites, mainly in Tuzkdy, Karain and Sarihidir
villages (53).

Most chrysotile fibres are found in metamorphosed ultramorphic
rocks of igneous origin that were altered to serpentine by
hydrothermal action. Then changes of pressure in the earth's crust
caused an irregular network of cracks in the rocks, and hot ground
waters were forced into the cracks under pressure. This was




B . Mineralogical

Origin of name

Chemical formula

Crystal system
needle,

Dispersion constant
d-values
Refraction

Specific gravity
Length of fiber
Diameter of fiber

Use

i5

operties of erionite (12,23):

Greek, comes from the word "wool"

(Nap, Ko, Ca)g5A19Sip7072.27H20

Hexagonal Habitus: fine line
fibrous, fibre

2913.26 C415.12

11.4 661 432 3.86

npl.474 ng 1.471

2.07

8 to 40 microns

0.1 to 2 microns

lon exchange, production of high

purity gases, gas absorption and
catalyst

followed by a slow process of dissolution from the walls, and
recrystallization in the form of a close-packed assembly of
fibers generally running across the veins (57).

Due to these very diferent backgrounds, it is unlikely that these
two types of mineral fibers (erionite and asbestos) can occur

together in nature.
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FIGURE 4. THE NOW INACTIVE VOLCANO ERCIYES DAGI

HISTORICAL BACKGROUND

The Cappadocia region of central Turkey has long been recognized
as an area of outstanding scenic and cultural value. Centered
around Nevsehir, about 250 kg southeast of Ankara, and bounded
by the city Kayseri on the east and the saline lake Tuz G610 on the
west, the region abounds with valleys which have been cut into
plateaus of soft, volcanic tuff spewn out during neogene times by
the predecessors of the now inactive volcano Eriyes Dagi (3916mM)
(Fig. 1 and 2).
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The area has seen many different cultures through the centuries,
although the date of the first settlement is not exactly known,
Mazaka (Kayseri) had been the capital of Cappadocia when the
region was ruted by Persians. The Persian domination was put to
an end by Alexander the Great, and the area was then ruled by
Macedonia until his death.

The Cappadocia Kingdom gained its freedom during the period
when Ariarathes [If was ruling the country, Cappadocia became a
province of Rome in the first century B.C. In this time the volcano
Erciyes Dagi was still active (28). Between the 4th and 14th
centuries Christian communities settled in Cappadocia, hewed the
tuff into lightweight dimension stone and cut dwellings and
worship chambers into the soft rock itself. More than 300
monastic caves and some underground cities have been found in
the tuff cones (Figure S). Some of the churches are the Elmali
Kilise, the smallest and newest of the group, and the Yilanli
Kilise which has fascinating frescoes of the damned in the coil of
serpents.

FIGURE 5. VOLCANIC TUFF CONES WITH CUT DWELLINGS.
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Kaymakli and Derinkuyu are underground cities with 7 flats and a
depth of 85 m. These intriguing underground cities of rooms
interconnected by tunnels were used in Byzantine times as
refuges from Arab raids. For a thousand years a Christian
civilization prospered in Cappadocia, becoming troglodytic during
times of Roman persecution and Arab border raids, but emerging
to live in harmony with the Seljuk Turks who settled in the area
in the 11th century. The population exchanges between Greece and

Turkey in 1924 greatly diminished the Christian community, and
most of the underground chapels were abandoned. Many, however,

were set aside by the Turkish government as archeological
antiquities and a flourishing tourist trade exists today in the
area,

FIGURE 6. SCENE FROM KARAIN VILLAGE.
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There are many villages in the region. Three of them (Karain,
Tuzkdy and Sarihidir) are the only villages built upon and into
erionite-rich zeolite rocks (Figure 6). Today Sarihidir has been
moved across the river Kizilirmak to where the rocks are free
from erionite,and no more pleuropulmonary diseases appear in the
young generation. Unfortunately, the villagers in the other two
villages have refused to move, in spite of the goverment's offer
to help for the resettiement.

Many inhabitants of Karain village have emigrated to Sweden in
search of work. They settled in Stockholm.

EXPOSURE TO FIBROUS ZEOLITE

There are three known areas where erionite with fibres within
the respirable size has been found: in Oregon and Nevada in the
USA, in Turkey, and in the north Island of New Zealand.

The erionite findings in the USA are situated in desert areas
where the population density is very low and no active mining or
other disturbances occur. The early immigrants occassionally
used rocks containing erionite for buildings like stables and pony
express stations (22,44). Reports of health risks from this area
are rare. A case control study of mesothelioma has been reported.
Seventeen cases and 12 controls had Tived for 20-40 years before
death within 20 miles of zeolite deposits containing erionite in
western USA. A paired analysis gave a relative risk of 1.60 after
adjusting for occupational exposure to asbestos (43). One patient
with extensive pulmonary and pleural fibrosis probably due to
environmental exposure to erionite has been reported. He was an
operator of heavy equipment for years in this hot and dusty area
of Nevada. Investigation revealed extensive pulmonary deposition
of erionite (19).

The Turkish "erionite areas” of Nevsehir in Anatolia are
moderately densely inhabited and are very dry and dusty in
summer. The local villagers use caves carved out of volcanic tuff
for storage. The tuff is also used for building houses (Figure 5 and
6). The soil itself is largely composed of eroded turf and contains
various fibrous and nonfibrous zeolites mixed with volcanic glass
and pumice (68). Airborne fibre levels in»the villages have been

shown to be generally Tow (11,13).




FIGURE 7. Chest roentgenogram from a patient from the village of
Tuzkdy with diffuse puimonary fibrosis.

HEALTH EFFECTS OF EXPOSURE TO ERIONITE

PULMONARY FIBROSIS ("ERIONITOSIS™), Clinical and
radiological surveys done in Karain and TuzkoOy villages have
revealed that diffuse lung fibrosis with or without other
radiological abnormalities is present in a high percentage of
subjects (3,4,11,14) (Figure 7). Fibrous zeolite has been
recovered from sputum samples (59) and in the Tungs (58).

Lung fibrosis due to fibrous zeolite inhalation has also been
reported from Nevada (19). Extensive fibrosis has been seen with
exposure to erionite in mice (64).

ALIGNANT DISEASES, Malignant pleural and peritoneal meso~
thetiomas are rare tumours and the incidence is estimated to be
1-2 per million in the general population (33,42,63). In Turkey the
incidence of pleural mesothelioma in the erionite area is high.
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The annual incidence of 216/100 000 cases of malignant
mesothelima in Tuzkdy is at least 942 times higher than expected
(3,6,15). In a 4-year study of the three villages (Karain, Sarihidir,
and Tuzkdy) 115 deaths among those aged 20 years or more were
seen. Of those, 29 were malignant pleural mesotheliomas, 4
malignant peritoneal mesotheliomas, 17 lung cancers, and 22
cancers of other sites or undefined site. In the village of Karain,
21 out of 40 deaths were due to malignant mesothelioma (13).
Emigrants from Karain village to Sweden carry the same risk, and
in the Stockholm population a number of malignant
mesotheliomas has been reported (16, work V).

Experimental studies have resulted in mesotheliomas in animals
(36,41, 52,64,65,69). In one study all the animals exposed to
erionite, both those inoculated intraperitoneaily and those which
inhaled the fibre, have developed mesothelioma (69).

. . L g
I R R et

FIGURE 8. ERIONITE FIBRE ISOLATED FROM THE LUNGS OF A KARAIN
VILLAGER. Magnification: x7750,
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FIGURE 9. CALCIFIED PLEURAL PLAQUES IN A PATIENT FROM
KARAIN.

The incidence of lung cancer, gastrointestinal cancer and cancer
of other sites in the population of Cappadocia with a high
incidence of mesothelioma is still unknown. However,
experimental studies with erionite in mice showed in addition to
mesotheliomas other tumours: Plasmocytoma, histiocytoma,
liposarcoma, osteosarcoma and adenocarcinoma (64, 66). In our
studies (Work 11) one epidermoid carcinoma and a number of
lymphomas were observed and t1 of the cases of mesotheliomas
were associated with lymphoma.

A genotoxic activity of fibrous erionite has been demonstrated.
Erionite appears to be more active than crocidotite in this regard
(38, 50).

NON-MALIGNANT PLEURAL DISEASE. In the village of Tuzkdy,
persons at least 25 years old were investigated by chest
roentgenogram. Seventeen percent showed pleural calcification,
10.5 percent pleural thickening, and 15 percent obscured
costodiaphragmatic angle (3,4) (Figure 9). In Karain, the figures
for plaques and/or chronic pleurisy has been given as 8.7
percentfor adult males and 4 percent for females (4). In 549
chest X rays from the erionite villages which were restudied in
1983, there were 14.2 percent with pleural calcification and 10
percent with obscured costophrenic angle (31).
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The 564 photofluorograms taken by the mobile team of the
Tubercutous Control Unit in Karain in 1971 were reviewed and
there were calcified pleural plagues in 2 persons. In 1975 of 452
films there were two with calcified pleural plaques, three with
pleural thickening, and three with benign pleural effusion.
Another five patients with benign pleural effusion and pleural
thickening were seen during a follow-up over 5 years (13).

FERRUGINOUS BODIES - "ZEOLITE BODIES”, "Ferruginous” or
"asbestos” bodies in the lungs of persons who have inhaled
asbestos were first described in 1914 (26). Such bodies consists
of a central fibre coated with an ironcontaining proteinous
material and can be formed around several kinds of fibres. In
industrialized countries ferruginous bodies isolated from the
general population almost always form around a central
amphibole asbestos fiber (20). Animal experiments have shown
that fibrous aluminium silicate, silicon carbide whiskers,
cosmetic talc and glass fibers can also produce ferruginous
bodies. Not surprisingly, erionite ferruginous bodies have been
found in sputum and in the lungs of inhabitants of Karain and
Tuzkdy (58,59). The occurence of ferruginous bodies in sputum is
related to the length of exposure to fibrous dust (25, 55). The
occurence of zeolite bodies in the sputum thus reflects
considerable fiber accumulation in the lungs.

Some authors stress that all or a very high portion of erionite
fibres in the human lung are uncovered. Since the formation of
ferruginous bodies around a fibre is considered to be a protective
measure, this low occurrence of bodies might be one factor of
importance for the effect of the fibres.

IMMUNOLOGICAL EFFECTS. The mineralogic characteristics of
erionite and deleterious effects on human health are similar to

those of asbestos. In asbestosis several immunological stigmata,
such as hypergammaglobulinemia, in vitro cellutar immune dys-

function and abnormal peripheral blood levels of various
immunoregularatory T-cell subsets have been reported (23,24,37,
51). Our experimental study suggested that erjonite can cause
tumours of the lymphatic system (Work 11), and there are
indications that asbestos can also cause such tumours (37).
Further investigations in the area of interaction of the immune
system and mineral fibres and their relation, if any, to tumours,
in particular mesothelioma, are therefore needed.
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SUMMARY OF OWN INVESTIGATIONS

AIMS
PAPER |. The first study was intended to confirm the increased

risk of pleural mesothelioma in the village of Karain and to study
the occurrence of other radiological changes there. It had for a

tong time been known locally that the inhabitants of the village
died of cancer. Having confirmed this increased incidence, the
next step was of course to identify the responsibie agent, a task
which, however, necessitated the participation of many
international experts in various fields.

PAPER |1 is an experimental study, the aim of which was to verify
that the dust from Karain, containing the fibrous zeolite erjonite,
was carcinogenic.

PAPERS 111 AND [V are the results of a follow-up study of persons
from Karain village, who reside in Stockholm, Sweden. The aims
of were to investigate whether any ctinical and/or radiologicatl
changes were evident and also to see if any more mesotheliomas
had occurred in this group. The findings in paper Il indicated that
the immune system was affected in exposure to erionite, and
another aim was therefore to investigate whether any effects on
the peripheral blood could be seen in this group.

PAPER V compares a group of people occupationally exposed to
asbestos with various radiological lesions in the pleura to see
whether any similarities with the erionite group were found.

MATERIAL AND METHODS

PAPER The 375 inhabitants of the village of Karain were
investigated. Information on medical problems and diseases were
collected for the time up to 1975 from interviews with elderly
residents and especially with the village headman, the "muhtar”.
As controls were used neighbouring villages. In addition,
retrospective studies of medical information from the Health
Institute in Karain and neighbouring hospitals were made. A
radiographic survey from 1971 was restudied and information of
all deaths between 1970 and 1974 wasreviewed. A prospective
study was made of all patients developing respiratory symptoms
during 1975 and 1976 and a new chest radiograph survey was
performed. In addition, geological and chemical tests were done
on airborne dust, water supplies, soil and rock, etc.
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PAPER To verify the carcinogenicity of dust from Karain, 486
Swiss albino mice were injected intraperitoneally with erionite,
talc, or physiological saline, and were observed for up to 32
months.

PAPER I1]. On a sub-group of 74 persons, phenotypic characterisa-
tion of lymphoid cells in the peripheral blood was performed.
Commercial antisera for determining Leu-4, Leu2a, Leu3a, Leu7,
Leullb, LeulO, Leul2 and HLA-DR were used. As controis were
used healthy blood donors.

PAPER 1V, In 94 persons from Karain chest roengenograms,
clinical investigation, and lung function with a vitalograph were
performed.

PAPER V. Phenotypic characterization of peripheral blood
lymphoid cells with the same methods as in paper Il was made on
45 persons occupationally exposed to asbestos. Twenty persons
had radiological pleural plaques alone; 15 had diffuse asbestos-
related pleural fibrosis; and 10 had benign asbestos pleural
effusion. The controls were 24 healthy blood donors.

RESULTS

PAPER I, During the two observation years, 18 deaths occurred in
the village. Eleven of tem were due to malignant mesothelioma.
No cases of mesothelioma were seen in the control villages.
Twenty-five retro-spective cases of mesothelioma were
identified during the previous 5 years in the village. Calcifified
pleural plaques and pleural thickening were also seen. No
asbestos could be found in the village, but a few unidenitifed
mineral fibres were seen in ashed pleural tissue from one patient.

PAPER Eighty-four malignant tumours were found in the 321
mice injected with erionite which died spontaneously between 9
and 32 months after injection. There were 41 mesotheliomas, 31
lymphomas, 1 epidermoid carcinoma, and 11 mesotheliomas and
lymphomas together. In the control groups, three mesotheliomas
were found in the talc group (24 animals) and three
mesotheliomas and one lymphoma in the saline group (46
animats).
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PAPER IIl. In the 74 persons from Karain village, there was a

significant decrease of the mean percentages of "helper/inducer”
T cells, while the percentage of "suppressor/cytotoxic® T cells
was normal. B cells were increased, but killer and natural killer
cells showed a normal percentage.

PAPER |V, Lung functional and clinical findings in the Karainers
were unremarkable, but during four years, three cases of
malignant mesothelioma had occurred in this Tittle group. Only 7.4
percent showed pleural plaques. There were signs of affection of
the visceral pleura in the form of a visible minor fissure in 76 %,
and in addition it was thickened in 8.5 %.

PAPER V. In the patients exposed to asbestos, a significant
difference was seen among the subgroups. The group with pleural
plagues only had lymphoid cell subsets not significantly different
from normals, while those with benign asbestos pleurisy and
diffuse pleural thickening had changes similar to those found in
the Karain villagers, i e a decrease of the mean percentages of
"helper/inducer” T cells, while the percentage of
"suppressor/cytotoxic” T cells was normal.

DISCUSSION

The first study (Paper |) was designed to dertermine the
prevalence of pleural mesothelioma and other pleural
abnormalities in the Anatolian Village of Karain, where neither
asbestos nor any other known environmental carcinogen had been
detected. The results confimed that the villagers suffered a very
high risk of mesothelioma and other pleural changes. Therefore,
an experimental study was made of the carcino-genicity of Karain
dust, which verified the risks.

An unexpected result from this investigation was the relatively
common occurence of malignant lymphomas in the experimental
animals. There are no epidemiological findings to confirm this,
since no tumours other than malignant mesothelioma have been
shown to have an increased incidence in the zeolite area. Tumours
of the haematopoetic and lymhatic systems have been described
in people exposed to asbestos (37). Since the effects of erionite
are similar to those of asbestos, stimulation of the lymphatic
system with the ultimate formation of lymphomas seemed a

possibiiity.
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In asbestosis several immunological stigmata such as
hypergamma-globulinemia, in vitro cellular immune dysfunction
and abnormal peripheral blood levels of various immunregulatory
T-Cell subset have been reported (51). Since an intact
immunoregulatory network is of central importance for an
effective cancer defense, such observed immunological
derangements are of interest when pathogenetic mechanisms are
sought in mesothelioma development.

The aim of the Work IIl was to investigate whether there were
any numerical lymphoid cell aberrations in the blood of Karain
people, and if so, to correlate them with roentgenographic
findings, family history of mesothelioma and future development
of disease, particularly mesothelioma. The findings of a reduced
number of Leu 3a positive cells, leading to decrease of Leu 3a/Leu
2a ratio are similar to the T cell subsets derangement found in

"asbestos-exposed persons (23, 24). Natural Killer (NK) celis and

Killer (K) cells, which have a spontaneous cytotoxic reactivity
against a variety of tumour cell lines and primary tumour cells,
were found in normal proportions in the Karain people. The Leu 3a
subsets includes T-cells with inducer/helper capacity, while the
Leu 2a subsets mainly contains cells with supressor/cytotoxic
capacity. Whether the T-cell abnormalities found in erionite-
exposed people (and in ashestos-exposed people) are of aetiogical
importance for mesothelioma development or only represent a
secondary epiphenomenon is unclear,

Asbestos and erionite have similar mineralogical characteristics.
Asbestos can cause mesotheliomas and other malignant tumours,
as well as pleuropuimonary changes such as plaques, pleurisy,
diffuse thickening and pulmonary fibrosis. [dentical manifesta-
tions have been described in the population exposed to erionite.

The carcinogenic power of erionite appears to be stronger than
any other mineral fiber. Both these mineral fibres (erionite and
asbestos) can also cause similar immunological changes.

The results from the asbestos group (paper V) indicate that there
is a relation between immunological reactions and different
ashestos-related pleural lesions. In particular, pleural plaques do
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not signify any serious effect on the immune system; however,
patients with diffuse pleural thickening and/or benign asbestos
pleural effusion do show immunological aberrations. Comparisons
with the erionite group are interesting: this group shows few
clinical or radiological defects, but there is a significant
aberration of the immune system - and a very much increased risk
of mesothelioma.

Thus, we can conclude that:

a) erionite has a stronger tendency to affect the immune system
than does asbestos (at least the common types of asbestos
formerly used in Sweden).

b) Immunological aberrations in asbestos-exposed persons are
more often seen in patients with diffuse pleural thickening than
in persons with pleural plagues alone.

c) Exposure to erijonite carries an extremely high risk of
malignant mesothelioma.

In addition, some earlier observations should be added (Table 3).
Careful study of this table reveals that in villages with a high
mesothelioma risk the minor fissure is more often enlarged and
rounding of the costo-phrenic angle(s) is also more frequent than
in controls and in areas of endemic plaques where the
mesothelioma risk is not increased. Calcified plagues, however,
are even more frequent in the area with no increased
mesothelioma risk.

Thus, there are a number of pieces in the jig-saw puzzie. Further
investigations of the relations between radiological findings,
immunological aberrations, and risk of malignancy might shed
new light on their interrelationships, both on the individual and
the group levels.
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TABLE 5. Radiological findings in populations with endemic

pleural changes (percent). References: 32 and 33.

Population  Turkey: Finland

Erionite Asbestos Anthopyllite
Pleural villages villages Controlsarea Controls
calcification 142 223 <1 29.1 0.4
Persons with
pleural calci-
fication:
Rounded costo-
phrenic angle
unitateral 23.1 19.2 - 47 -
bilateral 9 S - 0.9
Enlarged minor
fissure 26 15,7 - 7.9 -
Persons without
pleural calci-
fication:
Rounded costo-
phrenic angle
Unilateral 7.7 6.4 1.6 7.8 6.5
Bilateral 2.0 1.3 0 2.2 0.7
Enlarged minor
fissure 342 21.2 - 25 9.0
Mesothelioma Extremely High Not Not Not
risk high increased increased increased

CONCLUSIONS

Epidemiological, clinical and experimental studies have proven
that erionite fibres can induce malignant pleural mesotheliomas
in man and experimental animals. It is a more potent carcinogen
than asbestos. In addition, there are immunological effects of the

mineral, which merit further investigation.
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An outbreak of pleural mesothelioma and chronic
fibrosing pleurisy in the village of Karain/Urgip in
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Baris, Y. L, Sahin, A. A, Ozesmi, M., Kerse, 1., Ozen, E., Kolacan, B., Altinors, M., and
Goktepeli, A. (1978). Thorax, 33, 181-192. An outbreak of pleural mesothelioma and chronic
fibrosing pleurisy in the village of Karain /Urgiip in Anatolia. The 575 inhabitants of the remote
Anatolian village of Karain suffered 11 deaths from pleural mesothelioma in 1975/76 and

-here were five cases of fibrosing pleurisy. In the previous five years there had been 25 cases of
mesothelioma. Calcified pleural plaques were common on survey radiography. Asbestos does
not occur in the local soil or rock, nor is it handled in the village, but a few fibres were

found in the watcr. Fibres were also found in the pleural tissue of two of five cases examined.
Inhabitants of the neighbouring villages arc free of mesothelioma.

Karain is a village of 575 inhabitants lying in the
district of Urgiip, well known to tourists because
of the picturesque rock dwellings called ‘fairy
chimneys'.

For a long time it has been known that the
people of Karain die of cancer. The saying goes
that ‘The peasant of Karain falls ill with pain in
the chest and belly, the shoulder drops, and he
dies’.

This paper describes an investigation of the
discase which has given the village this reputation.
The investigation is divided into two parts: 1. An
analysis of information already available up to
1975, and 2. A survey of conditions in 1975/76.

Methods

I. ANALYSIS OF INFORMATION AVAILABLE UP TO 1975
For the period up to 1970 elderly residents and
the village headman (Muhtar) were the main
sources of information as a formal health service
had not been established in this area. More re-
cent medical information was obtained from the
Health Institute in Karain and from relatives.
Information was obtained from hospitals about
patients admitted from the village. Survey radio-
graphs (70XX70 mm) taken in 1971 and informa-
tion on all deaths between 1970 and 1974 were
reviewed.

2. SURVEY OF CONDITIONS IN 1975/76
A team of physicians, geologists, physicists, and
mining and agricultural experts visited the area.

(a) They studied the physical and economic
structure of the village, the working and living
patterns of the inhabitants, the rock, the soil, and
the water. Geological, biological, and chemical
tests were done to detect toxic hazards in the
environment. The tests were also applied to the
neighbouring villages and the findings were
compared.

(1) Airborne dust was collected on membrane
filters. These and the samples of soil, rock,
stucco, ctc. were examined by optical and electron
microscopy. Elemental analysis of soil and rock
was carricd out wusing optical spectrographic
analysis, and a scintillometre model, Saphymostel,
Spp 2-nf, was used to detect radioactivity.

(2) Samples of food and drink were examined
for aflotoxin using the AOAC 26 Natural Poisons
20.0.14-CB (Published by the Association of
Official Analytical Chemists, PO Box 540, Ben-
jamin Franklin Station, Washington, DC 20044,
USA). Soil and dust samples were extracted with
cyclohexane and the extracts were examined
spectrographically for benzZpyrene.

(3) The water supplies were tested for nitro-
samine using Preussman’s reagents (Preussman
and Eisenbrad, 1972).
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(4) The water supplies were also analysed for
fibrous minerals; 250 ml samples of water were
filtered through a Sartorius membrane filter (Sar-
torius membranc filter Gmbh 3400 Gottingen
Postfach 142) to collect particles of over 02
millimicrons. The filter was then ashed to 450°C
for three hours and the residue was resuspended in
1 ml distilled water by ultrasonic vibration for
30 minutes. One drop was taken onto an EM grid
for examination by transmission microscopy.

(b) The team studied the health of the villagers
and that of the inhabitants of neighbouring
villages.

(1) The mass chest radiographic survey pre-
viously carried out in 1971 using 70X70 mm films
was repeated in 1975. Identification of the indi-
viduals surveyed in 1971 was incomplete so that
this was not an individual follow-up study.

(2) All patients developing symptoms of chest
disease during 1975 and 1976 were investigated.
When possible they were admitted to hospital and
submitted to the usual radiological and other
tests to find other primary sites of malignancy
beside the pleura. Tests for delayed hypersensi-
tivity were carried out with streptokinase-dornase,
purified protein derivative, mumps, and Candida
antigens. Lymphocyte counts and lymphocyte
stimulation tests were also carried out on six of
the patients. Histological material was obtained
from patients suspected of pleural mesothelioma
by punch biopsy, thoracoscopy, or thoracotomy.
When underlying lung was obtained this was
examined for asbestos and asbestos bodies by
optical and electron microscopy. Pleural tissue
from some cases was ashed and analysed by
clectron probe for asbestos and other minerals.
Explant tissue culture from some of the biopsy
matcrial was attempted without success.

(3) The causes of all deaths in Karain and in
the neighbouring villages in these two years were
recorded und verified as far as possible.

The pedigrees of all new cases were investi-
gated for cvidence of inherited factors. Occupa-
tional and domestic histories were taken and
investigated.

Results

1. ANALYSIS OF INFORMATION AVAILABLE UP TO 1975
The elderly residents admitted that the painful
discase had been occurring in the village for many
years. They said that because of it the village had
always been known as Karain, which in ‘l'urkish
means ‘Abdominal pain’. However, records of the
numbers of cases had been kept only since the
establishment of a ‘hecalth institute’ in the village.

Y.l Bariscral.

The villagers recalled that the discase affected the
middle-aged of both sexes, and that the onset was
usually with insidious breathlessness, less often
with pain or cough. It was fatal.

More recent information from medical records
showed that the disease was usually associated
with a serofibrinous or serohaemorrhagic pleural
effusion. Tests for tuberculosis were negative.
Chest radiographs also showed an effusion often
with confluent peripheral nodular shadows sug-
gesting a mesothelioma of the pleura. In two cases
pleural calcification was also present (Fig. 1).

Fig. | Radiograph of an old woman f[rom Karain
showing multiple bilateral calcified pleural plagues.

Antituberculosis and other forms of treatment
tried up to 1975 had been ineffective.

The incidence of the disease had heen high
(Table 1) and appcared to account for the ver
high overall death rate for a village of this size.
The situation was particularly bad in 1974 when,
in a population of only 604, there were 11 pleural
mesothcliomas out of a total of 18 dcaths.

The comparison with neighbouring villages for
the year 1974 is shown in Table 2. The total num-
ber of deaths in Karain is high but not significantly
higher than in the village of Akcadren. But thesc
two villages have a significantly higher dcath rate
than the rest (x* 3045 8 degrees of freedom).
However, the really significant difference lics in
the causes of death. Whereas there werc 11 pleural
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‘lable 1 (a) Deaths due 10 malignant disease in
Karain 1970-74

Table 3 Radiological findings on mass survey 1971
and 1975 compared (70 mm films)

Deaths due 1o molignant disease

Number uf cases

Year Paopulation Male Female  Yotal Mean age Finding 1971 1975
1970 808 3 5 8 55 Diffuse fibrosis 21 24
1971 795 3 1 « 4R Pleural tumour 7 3
1972 656 4 i s 49 Pulmonary tubercle 7 3
1973 656 ) 2 3 50 Carcinoma of lung 4 0
1974 004 8 6 14 50 Pleura) calcification similar to that seen
in asb cxposure 2 2
Pleural and pulmonary calcification
which resembles healed Th, empyema,
. , . or haemothorax 2 2
(hy Cawser of deail Pleural thickening 0 3
Films taken 564 452
. Plearal Gl Non-
Year mesorhelioma Ca. lung cancer® malignantt  Total
1970 6 1 i 2 10 2. SURVEY OF CONDITIONS IN [975/76
’g” g 1 ! b 9 (a) The environment
7 1 7 2 . . . . P
10 3 0 ! 3 I The village of Karain lies in Cappadocia in central
1974 1 u A ] 18 Anatolia (Fig. 2). Rock consists of volcanic tuffs.

*May have included primary peritoneal mesotheliomas.
‘tInfantile deaths, cardiovascular diseases, and accidents.

mesotheliomas in Karain there was none in any
of the other villuges. A number of gastrointestinal
deaths occurred without a precise diagnosis and
these may have included peritoneal mesotheliomas.

The 564 photofluorograms taken in 1971 were
reviewed and the findings are shown in Table 3.
These indicate that there has been no significant
change in the general pattern of chest disease in
the village since 1971,

The soil is poor, and the climate very hot and
dry in summer and cold with snow in winter. The
soft volcanic rock is cut by adze for making walls
of houses and buildings and is plastered with a
greyish-white powdered rock from the neighbour-
ing hills. Similar powdered materal is used for
clearing wine and making a sweetmeat called
‘pekmez’. Most people work on the land growing
potatocs and onions in the area between the vil-
lage and the river. The work is very dusty and hot
in summer. Apart from a few donkeys, mules,
dogs, and poultry, no animals arc kept and few
fodder crops arc grown.

Table 2 Comparison of deaths in Karain and neighbouring villages, 1974

Cause of death

Distance Toial no. of deaths
Sram Pleurul Gl!

Village KNarain (km) Pupulusion Obs. Exp. mesothelioms disease Infaniile Other
Karain 0 604 18 660 11 3 | 1 accident

2 stroke
Akcadren 20 544 1 594 0 2 9 0
Akkoy 92 9372 6 10-62 0 4] 2 2 cardiac

1 psychosis

1 accident
Basdere 1) 2764 28 3019 (1] 4 13 2 stroke

1 ca. lung

T

1 suicide

1 unknown
Boyali® 3 530 3 5-79 V] 1 1 1 renal discase
Demirtas 12 275 3 300 0 1 1 1 chronic obst.

lung discase

s 9 348 2 3-80 0 1 0 I rh. fever
Karlik 4 645 5 7-04 4] 1 2 I cardiac

1 unknown
Yesilozt 7 641 4 7-00 0 0 2 1 cardiac

1 penitourinary

disease

*One p_alienl.from Boyali died of mesothelioma in 1976. Shc was & nattve of Karuio and lived there until she was 25 years old (Table 4, case 11).
1A patient migrated to Yesiloz from Karain when abic was 12 years old, She was found 10 have a mesothelioma in 1976, aged 52 (Tabie 4, case 13),
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Fig. 2 Map of Turkey showing Urgiip district.

In Karain some of the men are smokers; the
women never smoke.

Water is obtained from: (a) the river; (b) the
springs in the river bed; (c) wells in the fields; and
(d) a spring in the hills behind the village which
is piped to a communal tap in the village. The
villagers are mainly dependent on the piped water,
which has been available for over 100 years, for
drinking, washing, and cooking. Recently, artesian
wells have been dug close to the village and used
to provide more piped water to it. None of the
systems contains asbestos pipes. The other sources
are used for irrigation but in hot weather the field
workers drink from the wells and the springs in
the river bed and all the villagers bathe in the
river.

The village lies on the road up the valley (Fig. 2)
to the villages of Karlik and Yesiléz. The road
is not metalled and is very dusty. These villagers
do not share Karain’s piped water supply but are
otherwise similar. Karain's disease makes it diffi-
cult for the peasants to sell their potatoes and
onions so that they are even poorer than their
neighbours. Young people moving from the village
may develop the disease in later life; but young
people moving to Karain do not develop the
disease. The village population dwindles because
of the economic difficulties, and the young people
have to move far away to areas where the prob-
lem is not known.

Y. I Bariseral
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There are no deposits of asbestos in the arca
nor has there been any proccssing of such material
brought in from elsewhere. The soil, the rock,
the stucco, the material used for making the
sweetmeat, and the airborne dust contain volcanic
debris. There are no asbestos fibres but there are
a few fine barbed fibre fragments of volcanic
glass.

Rock samples contained calcite, feldspar,
quartz, volcanic glass, biotite, chlorite, muscovite,
and augite. The main elements are silicon, alu-
minium, and magnesium with smaller quantities
of calcium and iron. Optical spectrographic analy-
sis did not indicatc that arscnic, uranium, nickel
or chromium were present in sufficient quantities
to constitute a cancer risk.

Tests for aflotoxin on potatoes, bread, grape
juice, wine, wheat, and fresh fruit used by the
villagers were negative. Cyclohexane extracts of
soil, dust, and stucco were negative for
benzpyrene.

Nitrosamine tests on various water samples
were negative. No significant radioactivity was
found in the village or in the surrounding soil and
rocks.

In special studies the various water supplies
to Karain were compared with the water used in
Karlik and Yesiloz (4 and 7 km further up the
valley). Only in the original piped supply to Karain
and in water from one of the old wells by the
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river were any mincral fibres found (Fig. 3). There
were small quantities of fibres ranging from 5 to
70 microns long.

(b) The health of the villagers

The mass radiographic survey showed no signifi-
cant change in the incidence of chest disease be-
tween 1971 and 1975. But during 1975 and 1976,

16 new cases of pleural disease were found. Table
4 gives some of the details of these patients. None
of the eight men and eight women had done any-
thing but work in the ficlds or at home except
case 7. They were between 27 and 65 years old
and presented with chest pain and breathlessness.
Case 3 had been treated for pleurisy 20 years
previously and the radiograph taken in 1971 had

Fig. 3 Clumps of 7 asbestos fibres in the water of Karain. X 30 000.

Table 4  Prospective study of new patients in 1975 and 1976

Age/ Clinical and radiological Diagnosiic Histopathological
Case sex findings methods diagnosis Comments
[ 0 M R massive haem. pt. eflusion Thoracoscopy Malignant pl. mesothelioma Died § mth later
2 65 M L massive haem. pl. eflusion Thoracoscopy Chronic fibr. pleurisy Died 4 mth later
1 46 M L pl. eAusion Thoracotomy Chronic fibr. pleuriay Pleurectomy. Well
4 S0 F R pl. effusion Pl. punch biopsy Chronic fibr. pleurisy Died 24 yr later
h (RO R massive haem. pi. eflusion Pi. punch biopsy Malignant pl. mesothelioma Dicd 4 mth later
h hltA| K pl. thickening and Radiology - Died 5§ mth later
peripheral nodutar pulm.
lesions
7 3T M L pl. effusion Thoracotomy Chronic fibr. pleurisy Pleurcctomy. L L
Malignant pl. mecsothelioma jobectomy. Well
8 48 F L pl. effusion Thoracoscopy Maslignant pl. mesothelioma Dicd 2 yr later
9 50 M R pl. thickening with eHusion Pl punch biopsy Malignant pl. mesothclioma Died 8 mth later
10 43 R pl. eflusion Pi. punch biopsy Malignant pl. mesothelioma Died 24 yr later
i 63 F L pl. thickening and Thoracotomy Malignant pl, mesothelioma Died 4 mth later
peripheral nodular pulm.
lesions
12 45 M L pl. thickening and , Radiology — -
peripheral putm. nodule
13 52 R pl. eflusion with ‘Thoracoscopy Malignant pl. mesothelioma Seriously ill afier 2 yr
peripheral pulm. lesions
14 St R pl. thickening with Radiology — Died 3 mth luter
peripheral pulm. lesions
R hydropneumothorax Pl. punch biopsy Chromic hibr. pleurisy Well

60 M R pl. thickening Rudiology
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shown a left pleural effusion. At thoracotomy
dark yellow {luid filled the pleural cavity and the
visceral and parietal pleura was leathery and S mm
thick. There were partially calcified hyaline
plaques in the parietal pleura. The histological
diagnosis was chronic fibrosing pleurisy and the
patient remains well after pleurectomy.

Case 7 was working as a road constructor in
Germany when he was investigated there in 1972
and a diagnosis of left-sided pleurisy with effusion
was made. A left lobectomy and pleurectomy was
performed at the Ruhrlandklinik in Essen in Sep-
tember 1974 to remove what was thought to be a
bronchiectatic lobe secondary to the pleurisy. A
histological diagnosis of malignant pleural tumour
(probably mesothelioma) was made. As the
patient remains well we suspect that this may have
been chronic fibrosing pleurisy.

Irrespective of the histological diagnosis the
radiological findings showed pleural fluid, pleural
thickening, and nodular peripheral lung shadows
consistent with the diagnosis of mesothelioma. The
usual tests for cancer of other primary sites, for
other causes of pleural effusion, and for collagen
discase were all negative,

Tests for delayed hypersensitivity were per-
formed on cases 3, 7, 8, 10, 11, and 13 and all
were negative,

The final diagnosis of mesothelioma was made
in 11 of the 16 cases and was based on clinical
and radiological grounds as well as on histology
in cases 1. 5, 8,9, 10, 11, and 13. In case 2 the
diagnosis of mesothelioma was made in spite of the
histological findings because of the thoracoscopy
appearance, the fact that there was a massive

Y. 1. Bariset al.

hacmorrhagic effusion, and the short fatal course
of the disease. The clinical and radiological find-
ings and fatal outcome also led to the diagnosis of
mesothelioma in cases 4, 6, and 14,

The final diagnosis of chronic fibrosing pleurisy
was made in the other five cases. The clinical
course fitted the histological findings in cases 3
and 15 Case 7 has already been described. In
cases 12 and 16 the diagnosis rests on clinical and
radiological evidence.

Cases 4, 6, 12, 14, and 16 refused thoracotomy
and some of the other investigative procedures.

The histological findings in case 8 are typical
for mesothelioma. ‘There are cuboidal cells with
acidophilic cytoplasm and nuclei rich in chroma-
tin, looking like mesothelioma cells forming sheet-
like and adenoid structures. There is also dense
mononuclear cell infiltration. Moreover there is
calcification in hyalinised fibrous tissue’ ([Fig. 4).
Histological sections from the fibrous pleurisies
revealed fibrous tissue, rare mitosis, mononuclear
cells, and hyalinised collagen tissue. Somctimes
mononuclear cell infiltration formed follicles in

the fibrous tissue und there was proliferation of®

mesothelial cells. Amorphous iron pigment in and
outside the macrophages was also seen.

Asbestos bodies could not be demonstrated in
these cases by optical microscopy.

Pleural biopsies from cases 2, 4, and 5 were
examined by electron microscopy. In case 2 the
cclls 'and nuclei were large with prominent nucle-
oli. Mitochondria were moderate in number.
Smooth and rough surface endoplasmic reticulum
was abundant and enlarged in many cells. The
cytoplasm contained dense inorganic material in

Fig. 4 Case 8. Pleural biopsy
shows malignant mesothelioma
Haematoxylin and easin > 300.
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many cells (Fig. 5). In some cells ferritin could be
demonstrated and tonofilaments were also visible.
Most cells had the microvilli on the surface. Some
other cells have shown granules varying in size
and density (Fig. 6). The other two cases showed
similar EM characteristics.

LClectron microscopy of ashed pleural tissues
from cases 1, 3, 8, 10, and 13 showed about 10
chrysotile fibres in case 1. In case 3 there were
12X 10* chrysotile and 3X10° amphibole asbestos
fibres per gram of dry tissue. Traces of talc,
calcium sulphate, feldspar, quartz, mica, and kao-
linite were also found in the ashed tissue (Figs 7
and 8). .

Genealogical surveys have proved that blood-
relationship is not a necessary prerequisite for the
incidence within families. The information sug-
gests a common environmental aetiology. For
instance, in the Seéncan family (Table 4) case 2 is
the mother of casc 3.Case 13 is the sister-in-law-of
case 14 but the husband of case 14 had died of a
mesothelioma in 1970. Neither parent in the Sen-
can family had died of mesothelioma.

Cases 10, 11, and 13 had been brought up in
Karain and had moved to Urgiip, Yesiléz, and
Boyali when they married and before they de-
veloped mesothelioma. Conversely, no one brought
up elsewhere who came to live in Karain de-
veloped mesothelioma.

Six other inhabitants of Karain became seri-
ously ill or died during 1975/76. The results of
the investigation of these patients are given in
Table 5.

Table 5 Deaths in Karain 1975-76

Case AgelSex Comments

17 46 M Gastric biopsy proved gastric cancer. Dicd

18 o M Presently being followed with chylous
ascites, chylothorax, and chronic renal
discase

19 75 F Died from siroke. Chest radiograph shows
pieurat caleifications {(Fig. 1)

20 75 M Died from chronic obstructive lung diseasc

21 6] F Died from rheumatic heart diseasc

22 80 F Died fram strake -

Discussion

The investigation shows that diffuse pleural meso-
thelioma and chronic fibrous pleurisy are endemic
in Karain. The disease affects the middle-aged and
elderly in some families more than in others.
‘There is no definite evidence of a genetic factor,
and the main occupation of most of those affected
is agriculture. Published epidemiological studies
on mesothelioma (Wagner ef al., 1960; Newhouse

and Thompson, 1965; Selikoff er al, 1965;
McDonald er al., 1970; Rubino er al., 1972) have
emphasised that environmental or occupational
exposure to asbestos is the important factor al-
though tenuous evidence of a familial incidence
has been reported by Webster (1965) and Miine
(1976).

There is no obvious occupational or environ-
mental source of asbestos exposure in Karain
apart from the few fibres in the water. But
asbestos fibres were found in the pleural tissue of
two of the five cases investigated. Pleural calcifica-
tion was scen quite frequently and was typical of
that resulting from asbestos exposure. No other
cause for the pleural lesions was found. Only
three deaths due to primary lung cancer occurred
between 1970 and 1976 (all men). Primary lung
cancer is common in heavily exposed asbestos
workers who smoke. The women of Karain did
not smoke; the men smoked locally cured tobacco.

It is a feature of most carcfully investigated
scries of mesothelioma that they include cases
with no occupational or neighbourhood exposure
to asbestos (McDonald er al, 1970; Webster,
1972; Greenberg and Davies, 1974; Nurminen.
1975; Milne, 1976). 1t is difficult to ignore these
cases although the possibility of avoiding contact
with asbestos with its thousand or more occu-
pational uses seems remote.

There are striking similarities between Rous
and Studeny’s survey (1970) and ours. They re-
ported that plaques are endemic in the region of
Pelhrimoy in Czechoslovakia, mainly in elderly
farmers, with a familial occurrence and that
pleural eflusion was the common disease in their
past history. Their geological survey showed that
there is no asbestos in the vicinity of Pelhrimoy
nor are any mines, mills or factorics located there.
But they failed to observe mesothelioma. How-
ever, we have found some villages in Turkey with
endemic pleural calcification, and asbestos studies
in these places gave negative results (Baris, 1975).

When therc has been no occupational, neigh-
bourhood, or domestic exposure to asbestos but
asbestos fibres are detected in the pleural tissues
of subjects with pleural plaques, with chronic
fibrous pleuritis, or with diffuse mesothelioma,
certain possibilities must be considered. The
patient might have been exposed to asbestos from
an as yet undetected source. These disorders may
be caused by some unsuspected environmental
agents, such as volcanic glass, talc, mica, kaolin,
or feldspar. However, the same kinds of minerals
have been found in other villages near Karain.
The physical properties and concentration of
volcanic glass and other fibres in the soil of this




Fig. 5 Case 2. Electron microscopic view. N, nucleus; M, mitochondrium; DM. dense
material; Fe, ferritin. Lead citrate-uranyl acetate. X78 000.
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Fig. 6 Casc 2. Eleciron microscopic view shows three mesothelial cells. N, nucleus; DM, dense material;
G, secretory granules, Mv, microvillus. Lead citrate-uranyl acetate. X 11700.

region have not been studied analytically, and onc
could arguc that there might be an actual dif-
ference in these particles from those in other
villages. Another possibility is that the cuusative
agent is ashestos, which reaches the body by
means of water—that is, tap water, beverages,
and foods are the sources of the asbestos fibres.
Attention has recently been directed towards the
widespread occurrence of asbestos fibres in certain

natural sources and beverages (Biles und Emerson,
1968, Cunningham and Pontefract, 1971; Cook
er al., 1974; Masson er al., 1974; Wells, 1975). But
there is no agreement as to whether asbestos
fibres in thc water may be hazardous to health.
Gross ¢f al. (1974) have shown that the penetra-
tion of the ingested asbestos fibres through the
walls of the gastrointestinal tract does not occur.
Gross (1974) believes that the asbestos fibres in
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Fig. 8 Case 3. Amphibole asbestos fib

the water and beverages are submicronic and that
this kind of asbestos fibre is not carcinogenic or
fibrogenic. However, some authors suggest that
inoculation of asbestos fibres into the stomach
results in penetration of the digestive tract by
these fibres, spreading to various organs, and this
condition may be important in asbestos carcino-
genesis (Westlake er al., 1965; Pontefract and
Cunningham, 1973) The advisory committee of
the Lyon Conference (Bogovsky er al.,, 1973)
judged there to be no evidence at present of ‘an
increased cancer risk resulting from asbestos fibres
present in water, beverages or food or in the fluids

L

res in the ashed pleural tissue. X16 750.
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Fig. 7 Case 3. Chrysotile asbestos
fibres in the ashed pleural tissue.
X7500.

used for the administration of drugs’. The outbreak
of fibrous pleuritis and diffuse mesothelioma in
Karain may well be an example of this route. We
are unable to explain why these discases oceur in
only one of the three villages, which are located
quite close to each other and in the same valley,
where the same kind of inhabitants live in the same
living conditions. The only lifference between these
villages is the source of the drinking water. Pre-
liminary studies of the water of Karain, which
showed asbestiform fibres, support our view.
Perhaps the natural waters of Karain may
be derived from the wearing down of asbestos-
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containing rocks. The ashestos fibres in the water
may be ingested or evaporation of the water may
cause the asbestos fibres to become airborne. If
our opinion is correct, asbestos in water may play
a role in the pathogenesis of the endemic pleural
calcification described earlier (Kiviluoto, 1960;
Zolov, 1967; Burilkov and Michailova, 1970;
Yazicioglu, 1976) and of certain cases of meso-
thelioma and chronic fibrous pleuritis whose
exposure to asbestos could not be traced.

Mesothelioma has been induced by a strain
MC29 Avium leucosis virus (Chabot es al., 1970).
It is very difficult to accept that this could be the
cause of the localised disease in Karain, which is
close to two other villages.

Further studies are required, such as exact
measurements of the dimension of the fibres. The
range of dimensions, the percentage of the dif-
ferent sizes, and their chemical composition should
be reported and supported by experiments which
show that the natural waters of Karain induce
mesothelioma or chronic diffuse pleuritis.

‘This study was supported by The Scientific and
Technical Research Council of Turkey.
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ABSTRACT Dust from the village of Karain containing the fibrous zeolite erionite, talc, and physio-
logical saline were tested by intraperitoneal injection in 486 Swiss albino mice. Malignant tumours

were found in 84 (41 mesotheliomas, 31 lymphomas,

] peripheral epidermoid carcinoma, and 11

lymphomas and mesotheliomas together) of the 321 animals which died sponlaneously within nine

10 32 months after injection of Karain dust (26:1%
found among 24 animals injected in the same wa
control animals injected with physiological salin
seen (8:7%). Thus Karain dust appears to be a po

malignant lymphomas.

Since 1974 the Baris group from Hacettepe University
of Ankara, Turkey, has worked on the problem of
mesotheliomas in middle Anatolia, where in certain
villages there is an endemic oceurrence of this disease.
The highest incidence is in the village of Karain.'
Volcanic tuffs form the bedrock of the area. In the
villages with a high incidence of mesothelioma the
tuffs have converted into zeolites, both non-fibrous
(chnoptilolite and chabasite) and fibrous (crionite and
mordenite.’ * Erionite fibres can also be found in
biopsics of the lung?* and pleuru® in inhabitants of
the affected villages. Since some doubt as to the
causation of the mesotheliomas still remains.>® iy was
decided to carry out some experiments beginning in
1980.

Material and methods

A rock from Karain was ground (o dust atl the
Geological Institutc of Hacetiepe University. In this
Karain dust (KD) zeolite was shown, both in fibrous
and non-fibrous form. There were no signs of any
asbestos in the dust. The dust was divided into pack-
ages of 5, 10, 15, 20, 30, and 40 g and suspended in
I ml of physiological saline and stcrilised with ultra-
violet light. Commercial talc, 20 mg, was treated in
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)- Three mesotheliomas and no lymphomas were

y with talc during the same time (12:5%). In 46
e three mesotheliomas and onc lymphoma were
tent carcinogen, causing both mesotheliomas and

the same way. The suspensions were injected into 6
week old Swiss albino mice. As a control, | ml of
physiological salinc was used in several animals.

The animals were checked every day until sponta-
neous death occurred or until there were obvious
signs of tumour, such as a greatly cnlarged abdomen.
Animals which died before nine months had elapsed
after injection were excluded.

Postmortem examination was performed on all
dead animals. Macroscopical findings were noted and
biopsy specimens from the injection site, parietal and
visceral peritoneal mesothelium, peritoncal lymph
nodcs, spleen, liver, kidneys, adrenals, mediastinal
lymph nodes, and (umours were taken for micro-
scopical investigation. The pathologist was unawarc
of the type of dust to which the animals had been
exposed.

Results

As seen in the table, KD caused tumours in 26:1%,
talc in 12-5%. and physiological saline in 8-7% of the
animals. There was no evident relation between the
amount of dust and the incidence of tumours. No
tumours occurred before nine months had clapsed
after injecuion.

Of the 321 animals given KD, mesothclioma devel-
oped in 41, lymphoma in 31, peripheral epidermoid
carcinoma in one, and both lymphoma and mcso-
thelioma in I1. Thus in all there were 52 meso-
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Perioneal mesotheliomas in mice: ( A) fbrous mesothelioma with few mitoses, (B)
sarcomatous 1vpe. ( C i epithelial mesothelioma. ( HE stain, original magnification x 400.)
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Results of intraperitoneal injection of Karain dust (KD) and of talc into mice

Inyected No of Dead before R ining Mesoiheli Lymph Both lymph Total %
material mice six months & mesothelioma tumours
Saline 55 9 46 3 1 0 4 87
5mg KD 69 14 55 6 — 4 10 18-1
10 mg KD 97 16 81 12 11 4 27 33
t5mg KD 98 25 73 10 7 — 17 233
20mg KD 45 2 43 6 5 [1] 12+ 28
0 mg KD 45 6 39 3 4 t 3 20-5
40 mg KD 37 7 30 4 4 2 10 33
AllKD 91 70 321 41 3 i1 84 261
Tale (20mg) 40 16 24 3 — — 3 12-5

*Onc animal had an epidermoid tumour of the lung.

theliomas (16-:5%), and 42 lymphomas (13-3%). All
types of mesotheliomas (fibrous sarcomatous, and
mixed) were seen (figure). The lymphomas were of the
malignant lymphomatous type.

Depending on the stage of disease at death, the liver
or spleen, or both, were often invaded in both types of
tumours, and in some cases there were also distant
mctastases. ‘

Discussion

The first international report from the village of
Karain was published by Baris era/ in 1978.!
Extremely high incidences of malignant meso-
thelioma and benign pleural changes were reported,
but apart from some asbestos fibres in some of the
water used in the village (a finding which has not since
been confirmed?), no mineral fibres had been found in
the ecnvironment to that date. The extensive
subsequent investigations showed that fibrous
zcolites, the most important of which is erionite, were
present in the village of Karain and in two other
villages—Tuzk6y and Sarhidir—where meso-
theliomas also occur,?4®

There is still some doubt as to whether fibrous
zeolile is the cause of the malignant mesotheliomas in
this part of Turkey, and it has been suggested that it
is mixed fibrous dust, containing asbestos fibres in
addition to erionite, that is the culprit.*¢ It has been
claimed that therc is some asbestos in the
surroundings of Karain,® and lung biopsy specimens
from patients from Karain contained other fibres in
addition to erionite.® Measurements of the fibre levels
in environmental air samples from Karain have
shown such low figures” that doubt has been cast on
their importance. Furthermore, it has been claimed
that erionite fibres may be found in nearby villages
where there arc no known cases of mesotheliomas.*
In an investigation by Mumpton, 15 of 28 probes
from the three villages showed erionite fibres, whereas
only four of 48 from control villages showed such
fibres.? Forster has since reported that zeolites occur

only in the northern part of Karain,® whereas the
probes in Mumpton’s study were taken in the south-
ern part.

Asbestos fibres may be seen in the lungs of many
people even without occupational exposure and their
occurrence in people from Karain could be a chance
finding. The vast majority of the fibres in the lungs of
the Turkish villagers were erionite, and only a small
minority were asbestos.*® In patients from Tuzkéy
fibres of eronile in high concentrations and
ferruginous bodies on erionite have been found.'®
Mesotheliomas in experimental animals after intra-
pleural or intraperitoneal injection or even inhalation
of erionite have also been shown.!!~1?

The results of the present study confirm that dust
from Karain is carcinogenic, and since it contained no
asbestos it seems most probable that it is the erionite
that caused the mesotheliomas. Maltoni eral state
that pure erionite injected intrapleurally in rats causes
mesothelioma in the pleura in 90% of the cases,'' and
Wagner reported 100% of mesotheliomas with both
intrapleural injection and with inhalation.'® In the
present material the frequency of tumours was not as
high, since dust from Karain was used rather than
pure erionite, and perhaps also becausc the intra-
peritoneal rather than the intrapleural route was
chosen. According to Malioni eral, erionite causes
more mesotheliomas than crocidolite, which is gencr-
ally considered to be the most dangerous type of
asbestos in this regard.'* Wagner states that erionitc
is the only dust so far known to cause mesotheliomas
in 100% of experimental animals on inhalation.!3

An unexpected observations was the relatively

common occurrence of malignant lymphomas in the .

experimental animals. There are no epidemiological
findings to confirm this. Artvinli and Baris, however,
state that tumours other than mesotheliomas may
not be uncommon in Tuzcéy.* So far, however, with
the exception of lung cancer,” no tumour other than
malignant mesothelioma has been shown (o have an
increased incidence in the zeolite area.

Suzuki used two types of American erionite (from
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Nevada and Colorado), which on intraperitoneal
injection caused malignant pcnlone_al tumours in
50% of the animals,’'? a frequency higher than that
among animals injected wnh asbestos (33%_w11h
amosite and 17% with crysotile). Of the 39 animals
with crionite induced malignant peritoneal tumours,
five had plasmocytomas, and in two other animals
mesotheliomy was combined with plasmocytoma.
There were no plasmocytomas or lymphoid tumours
in the animals exposed to asbestos. Thus erionite
seems to be able to cause tumours of the lymphoid
system, which fits with the present results. _

From a study with intraperitoneal inoculation and
inhalation of asbestos, Wagner reported some
lymphosarcomas.“ All animals that had received
asbestos showed pronounced stimulation of the retic-
ular  endothelial system. Tumours of the
haematopoictic and lymphatic systems have also been
described in people exposed to asbestos.'® Since the
effects of erionite are thought to be similar to thosc of
asbestos, stimulation of the lymphatic system with the
ultimate formation of lymphomas seems a possibility.
On the other hand, Wagner er al have also shown that
crystalline silica when injected intrapleurally in rats
can cause lymphoproliferation and lymphomas.'® !’
Thus it is possiblc that the other ingredients of the
Karain dust—those that are not fibrous—caused the
lymphomas in our study. There seem to be great
differences in the susceptibility of various strains of
animals to the devclopment of lymphomas, Wistar
rats being most affected.'® Swiss albino mice might be
such a suscepltible strain of animals. These questions
necessitate further studies, which are now in progress.

Wc thank Professors Y Baris and G Ataman for their
help and support in the present study
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ABSTRACT Among inhabitants of the village of Karain in Turkey there is an extremely high inci-
dence of malignant mesothelioma, most probably due to exposure to erionite, which is a fibrous
zeolite and similar in appearance and properties (o asbestos. This mineral may be found in the dust
in the village. To characterise possible disturbances in the immune system of people exposed to
fibrous zeolite, a phenotypic characterisation of lymphoid cells in the peripheral blood of 74 immi-
grants to Sweden from Karain was performed. Compared with normal controls, the mean per-
centages of Leu 4% cells (Pan-T) and Leu 3a* cells (“helper/inducer” T cells) were significantly
decreased, whereas the mean percentage of Leu 2a* cells (“suppressor/cytotoxic” T cells) was
normal, leading 1o a significant reduction of the Leu 3a/Leu 2a subset ratio. The percentage of B
cells (Leu 12* cells) was significantly increased, whereas the percentages of both HLA-DR™ and
HLA-DQ* cells were normal. The percentage of natural killer cells (NK) and killer (K) cells as
defined by the monoclonal anti-Leu 7 and anti-Leu 11b were also normal . These findings indicate
that exposure to fibrous zeolite causes a numerical imbalance between the two phenotypically

different T cell subsets similar to that seen in asbestos exposed individuals.

Inhabitants of the village of Karain in Anatolia have
an extremely high incidence of malignant meso-
thelioma,! probably caused by the inhalation of
fibrous zeolite (erionite) which is present in the envi-
ronment.! # The mineralogical characteristics®* and
the deleterious effects on human health are similar to
those of asbestos.® In asbestosis several immu-
nological  stigmata such as  hypergamma-
globulinaemia (IgG), in vitro cellular immune
dysfunction, and abnormal peripheral blood levels of
different immunoregulatory T cell subsets have been
reported.®’

Since an intact immunorcgulatory network is
thought to be of great importance for effective sur-
veillance against tumours, such immunological
derangements are of interest in the search for patho-
genetic mechanisms underlying the development of
mesothelioma. An experimental study on rats sug-
gested that dust from Karain may affect the lymphoid
system.® To our knowledge, however, no study of the
immunological status of people exposed to erionite
has been reported previously.

In Stockholm there are about 150 individuals who
were born in Karain or lived there for many years but
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have now immigrated to Sweden. Among the immi-
grants from Karain there have been several deaths
due to malignant mesothelioma, and more are to be
expected.® The aim of the present study was to
investigate whether there are any aberrations in the
number of lymphoid cells in the peripheral blood of
these people and if so to correlate them with radio-
graphic findings, a family history of mesothelioma,
and to future development of disease, particularly
mesothelioma.

Material and methods

The names and addresses of individuals from the vij-
lage of Karain now living in Stockho!m were oblained
from a list of an earlier study” and completed with
personal information from some of the people in the
group who were invited to participate in the present
study. The subjects underwent clinical examination
and chest radiography and their history (personal and
familial) was taken. Blood samples for investigalion
of different lymphoid cells and for determination of
the concentrations of albumin, immunoglobulins,
and orosomucoid were taken.
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CONTROLS
Healthy blood donors were used as controls.

PERIPHERAL BLOOD MONONUCLEAR CELLS
Mononuclear cells in hepariniscd peripheral blood
were isolated by standard methods on a Ficoll-
Hypaque density gradient. The cells were then
washed three times in phosphate buffered saline
(PBS) conthining 0-1% bovine serum albumin (BSA)
at 10° celis/ml. About 10 ! of the cell suspension was
dropped into cach well of a multiple well microscope
slide. The slides were air dried at + 37°C for one hour
and then stored at —70°C. After storage the cell prep-
arations were immediately fixed in acetone diluted 1:1
with water (+4°C) for onc minutc and finally fixed in
100% acetone (+4°C) for five minutes before stain-
ing.'® .
ANTISERA AND OTHER REAGENTS

The murine monaclonals denoted anti-Leu 4, -Leu 2a,
-Leu3a, -Leu 7, -Leu t1b, -Leu 10, -Leu 12, and anti-
HLA-DR were all obtained from Becton Dickinson
(Sunnyvale, Calif). Anti-Leu 4 defines all peripheral
T cells,'' whereas anti-Leu2a  defines the
“suppressor/cytotoxic™ T ccll subsct.!? Anti-Leu 3a
reacts with the “helper/inducer™ T cell subset,'? but
also reacts with some cells of the
monocyle/macrophage lineage'? in prefixed cell sam-
ples. Anti-Leu 12 defines all peripheral B cells (TC
Meeker ¢t al, in preparation). Anti-Leu 10 is specific
for the HLA-DQ antigen, a human D region associ-
ated antigen,'* that differs from the HLA-DR anti-
gen recognised by the anti-HLA-DR monoclonal.'®
The human D region associated antigens arc
expresssd in B lymphocytes, monocytes/
macrophages, and activated T cells. Anti-Leu7 and
anti-Leu 11b monoclonals are thought 10 define the
major NK and K cell subscts.'¢!?

The FITC conjugated goat antimousc antibody
was obtained from the National Bacteriological Lab-
oratory (SBL), Sweden. Biotinylated horse antimouse
1gG, avidin DH, and biotinylated horscradish per-
oxidase H (“"ABC" kit) were obtained from Vector
laboratorics  (Burlingame, Calif).  3-Amino-9-
cthylcarbazole was obtained from Sigma (St Louis,
Mo).

IMMUNOENZYME STAINING

After the fixation procedure the slides were washed in
PBS (pH 7-4) for five minutcs. The subsequent incu-
bations were carried out sequentially al room tem-
perature and the slides werc washced for five minutes
in the PBS buffer between each step. Endogenous per-
oxidase was blocked by incubation in 0-3H,0, for 1§
minutes. The cell preparations were then incubated
for 30 minutes in humid atmosphere with 25 gl por-

tions of monoclonal antibodies (dilution 1/32 for
anti--Leud, -Leu2a, -Leu3a, -Leu 10, and -Leu 12,
und 1/128 for anti-HLA-DR in PBS containing 4%
BSA). Biotinylated horse-antimouse 1gG (dilution
1/400) was allowed 1o react with the cell preparation
for 30 minutes. A complex of Sul of avidin DH
(10mg/ml) and of 5ul of biotinylated horseradish
peroxidase H (5mg/ml} in 400 4l of PBS was then
layered on the cell preparation for 30 minutes. The
peroxidase reaction was developed with usc of a car-
bazole containing buffer for 15 minutes. The cell
preparations were exposed to haematoxylin for
nuclear staining and mounted in Kaiser’s glycerin-
gelatin (Merck, Darmstadt). The percentage of posi-
tive cells with a marginal membrane staining
pattern'! was determined by counting 200-500
mononuclear cells in a routine light microscope.

IMMUNOFLUORESCENCE STAINING

When using first step monoclonals of IgM class (anti-
Leu7 and anti-Leu | 1b antibodies) FITC conjugated
godt antimousc Ig was used as second step reagent.
The cell preparations were incubated for 30 minulcs
with 25 pl portions of monoclonal antibodies (dilu-
tion 1/80 for Leu 7 and 1/20 for Leu 11b in PBS con-
taining 4% BSA), washed for five minutes in PBS and
then incubated with FITC antimouse immu-
noglobulin (dilution 1/320 in PBS containing 4%
BSA) for 30 minutes. After being washed in PBS for
10 minutes, the cell preparations were mounted in
PBS-glycerine. The celis were examined under a Leitz
epifluorescence microscope. The percentage of posi-
tive cells was delermined by counting 200 cells. The
primary antibody was omitted for the negative con-
trols.

STATISTICAL METHODS
Student’s riest was used for tests of significance.

Results

Ninety four individuals responded to the invitation
and participated in the study. In 74 (38 women and 36
men) blood samples were taken. Ten of these 74 had
lived in Karain for less than ten years, 38 for ten to 20
years, and 26 for over 20 years. Seven showed radio-
logical pulmonary abnormalities (pleural plaques).

The scrum concentrations of albumin, 1gG, IgA,
and IgM were within the normal range (table). Nei-
ther sex, radiological abnormalities, nor the duration
of residence in Karain showed any correlation with
the serum immunoglobulin concentrations. The
plasma orosomucoid concentration was slightly
raised in those aged over 45 (n = 7) (mcan valuc -2,
2SD 0-19).

Asseen in fig |, the mean percentage of Leu4* cells
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Serum concentrations of albumin, immunoglobulins, and plasma orosomucaid in the Karain group. Normal range is given for

comparison

Kurain group

Mean value and

No of samples SEM (gjl} Normal range (g/l)
Serum albumin n 45-8 (0-45) 37-52
Serum 1gG I 11-7 (0-25) 7-15
Serum IgA 58 2-05 (0-11) 0-8-38
Serum {gM 58 1-39 (0-07) 0-4-2
Plasmaorosomucoid K 1-0 (0-03) 0-5-4
was lower (p < 0-01) and that of B cells (Leu12*)  Discussion

higher (p < 0-05) in the Karain group than in the
normal controls. The mean percentages of HLA-DR
and HLA-DQ (Leu 10) expressing cells did not diffce
from those in the control group. NK/K cell numbers
as defined by the anti-Leu 7 and anti-Leu 11b mono-
clonals were also normal.

The percentage of Leu3a* cells (helper/inducer T
cells) was significantly lower (p < 0-01) in the Karain
group than in the controls, whereas that of Leu2a™
cells (suppressor/cytotoxic T cells) was normal. Thus
there was a significant decrease (p < 0-05) in the
Leu 3a/Leu 2a ratio in the Karain group (fig 2).

No correlation was found between the percentages
of different lymphoid cells and age, sex, family history
of mesothelioma or duration of residence in the vil-
lage of Karain. People with chest x ray abnormalitics,
however, showed a more profound reduction of
Leu3a* cells, leading to a lower Leu3a/Leu 2a ratio.
These differences from the rest of the Karain group
were nol stalistically significant.
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Fig |  Per cent positive cells (mean SEM) of different
phenatypes in peripheral blood of Karain group (n = 74 for
Leul, Leu12, HLA-DR, and HLA-DQ, n. = 15 for Leu7
and Leu 11b) and control group (n = 10 for all monoclonals
exuamined).

Earlicr cpidemiological studies have shown that
environmental exposure to fibrous zeolite can cause
pleural plaques, pleural calcification, pleural and peri-
toneal mesothelioma, and pulmonary fibrosis,' '% 18
discascs similar to those caused by exposure to asbes-
tos. Experimental exposure of animals to erionite has
resulted in mesothelioma,® *? which supports these
epidemiological data.

In asbestosis several immunological derangements
have been shown, including a numerical imbalance
between different immunoregulatory T cell subsets.?*
In people exposed to erionite, however, no such
immunological studics have been reported. Qur
finding of a reduced number of Leu3a® cells
(helper/inducer T lymphocytes) leading Lo 2 decrease
in the Leu 3a/Leu2a ratio is, to our knowledge, the
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Fig2 (a) Per cent positive cells (mean SEM ) of Leu3a
and Leu 2a phenotype in peripheral blood in Karain group
(n = 74) and control group (n = 34).(b) Leu3a/Leu 2a
ratio in Karain group (n = 74) and conirol group (n = 34).
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first evidence of a T cell subsct derangement in people
exposed to erionite. This finding is similar to the
derangement in T cell subsets found in individuals
exposed to ashestos.

Since an intact immunoregulatory network is
thought to be of great importance for effective sur-
veillance against tumours, such observed imbalance
between different immunoregulatory T cell subsets
are of interes}. It is still unclear, however, whether this
imbalance is of actiological importance for the devel-
opment of mesothelioma, or if it represents a second-
ary cpiphenomenon.  Further = clinical  and
immunological follow up of this group might shed
some light on this particular question.

We thank the Swedish Medical Research Council and
the Swedish Union Against Heart and Lung Discases
for their support.
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ABSTRACT

Ninety-four persons from the village of Karain, now residing
in Stockholm, were investigated. In this village environ-
mental exposure to erionite, a fibrous zeolite, occurs and
there is a high risk of mesothelioma among the villagers.
Since an earlier investigation of the cohort in 1980, another
four young persons have fallen ill with malignant mesothe-
lioma in this group, where the incidence thus approaches 1
per 100 per year and is the most common cause of death.
Pleural plaques were noted in 7.4 per cent, and there were
radiological signs of affection of the visceral pleura
(increased visibility and enlargement of the minor fissure),
but otherwise no abnormal findings at radiography. This is
probably due to the low mean age (36 years). Further follow-
up of this cohort could give clues to the pathogenesis of
malignant mesothelioma.

INTRODUCTION

Diffuse pleural mesothelioma is the most frequent cause of
death in the village of Karain in Anatolia, Turkey (1l). The
emigration from this small village of about 500 persons has
been relatively large, and about 150 immigrants from there
now live in Stockholm, Sweden. Up to 1980 when a study was
performed (2) three cases of mesothelioma had been reported
in this group. From 1981 to the end of 1985, another four
cases of malignant mesothelioma have occurred in this small
cohort. The present study is a follow-up of the 1980 study of
clinical and radiological findings and a short report on the

four new cases of mesothelioma.

SUBJECTS AND METHODS

An invitation to participate in a control survey was sent to
all known Turkish immigrant families from Karain, Turkey, who
were living in the city of Stockholm or in its suburbs. The
survey was conducted between February and June 1985. The list
comprised those who attended the first survey (2) and in




addition a number of other persons from Karain, the names of
whom were obtained from friends and relatives, and who were
initially willing to participate. Ninety-four persons, 47
men and 47 women, were investigatied. The following examina-

tions were carried out:

a/ Personal questioning comprising family history, particu-
larly regarding the occurrence of respiratory diseases and
tumours; occupational history; smoking habits; length of time
spent in the village; respiratory and other diseases and
symptoms. This history was taken in Turkish by a Turkish
doctor with knowledge of the area and considerable experience

from field studies in the village (MO).

b/ Clinical examination.

c/ Vital capacity and forced expiratory volume were measured

in a Vitalograph.

d/ Chest roentgenograms with posterio-anterior (PA), lateral

and two obligue views were taken.

e/ Blood tests were analyzed. The results from this investi-

gation has been reported elsewhere (3).

RESULTS

Participation. The full list comprised 117 persons. From the
original 1980 list, three had died, all of mesothelioma (see
case reports), and four had moved back to Turkey. Another
approximately 25 persons either refused to attend or could
not be identified with certainty. In the final count,
twenty-three persons who had originally been willing to
attend never showed up. Thus, there remained 94 persons, 47

men and 47 women.

Age. The age distribution of the participants can be seen in
figure 1. The mean age was 36 years with the youngest being
17 and the oldest 64 years old.
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Figure 1. Age distribution. Filled bars, men; unfilled,

women.

Time in Karain. Eighty-nine patients were born in Karain and

five were married with persons from the village and had lived
a great part of their lives in it. The time spent in the
village can be seen in figure 2. Although the majority had
immigrated directly to Sweden from their home village, a few
had resided in other places in Turkey as well. Nine indivi-
duals had lived in Sweden less than five years, 16 between 5
and 10 years, 44 10-15 years, and 23 between 15 and 20 years.

Occupation and smoking habits. In Karain most individuals had

been agricultural workers. In Sweden, 63 were currently
employed as janitors, 13 were cooks or restaurant workers,
five technicians, six teachers or clerks, two housewives and
five were studying. Only two were occupationally exposed to
asbestos. Twenty—nine'of the men (60 per cent) were smokers.

None of the women smoked.
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Figure 2. Length of time resided in the village of Karain.
(Five people who were married to villagers and moved there in

adult life excluded.)

Mesothelioma in the family. Sixty-four individuals (65 per

cent) gave a history of malignant mesothelioma among their
close relatives. Many of those 64 reported more than one
case, the mean being 1.9 per person. Sixteen persons had had
both their parents dying in the disease, and one each of them
in addition a husband or a brother. Most of these mesothe-
liomas had not been pathologically verified, but the signs
and symptoms of the disease are well known by the inhabitants

of the village.

Respiratory symptoms and some other findings. Two patients

complained of dyspnea and three of chest pain. At examina-

tion, rhonchi were heard in five persons. Four suffered from
shoulder pains, 15 from low-back pains, 9 joint pains, and 15

abdominal pains, none of them severe.

Pulmonary function. There were no gross abnormalities in

lung function.




Chest roentgenograms. Pleural plaques, most often unilateral,

were seen in 7 persons (7.4 per cent). Only one person showed
abnormalities consistent with pulmonary fibrosis. The trans-
verse fissure was visible in 71 cases (75.8 per cent) and was
thickened in 8 (8.5 per cent) at the PA view. In the lateral
view, the oblique fissures were seen in 79 cases (84 per
cent). There were no tumours or pleural exudates.

Sixty-three of the participants had also participated in the
1980 study. No evident progression was seen on the chest
roentgenograms, except in a few cases where the width of the
transverse fissure had progressed.

CASE REPORTS

Case 1. This man was 18 years old when he left Karain in
1960. Both grandfathers, his father, and a cousin had died in
mesothelioma. At age 37, he started having right-sided chest
pain and chest roentgenogram revealed a pleural effusion.
Repeated thoracocenteses and a thoracoscopy did not lead to
diagnosis, and a thoracotomy with decortication was per-
formed. Biopsies showed only mesothelial cell proliferations.
The symptoms continued, and 15 months after the operation a
lump appeared on the back, the biopsy of which showed meta-
stasis from papillary mesothelioma. Treatment with radio-
therapy and cytostatics gave some improvement, but subse-
quently the tumour progressed, giving exudate on the other
side as well and ascites, and the patient died in 1984, 4

years and 8 months after the first symptoms.

Case 2. This woman was born in Karain where she lived and
worked until she moved to Sweden at age 22. At age 35, she
suffered from coughing and pain in the right shoulder;
thoracoscopy revealed sanguinolent fluid in the pleura and
multiple scattered mushroom-like tumours. Pleurodesis was
performed with Mepacrine with good result, but the tumour
relentlessly progressed despite apparent palliation with
radiotherapy and cytostatics, and the patient died 14 months

later.



Case 3. A woman who emigrated from Karain at age 18 and after
10 years in Sweden developed the first symptoms of the tumour
at age 28, also on the right side. Thoracotomy confirmed the
diagnosis of mesothelioma, treatment with cytostatics and
radiotherapy was of no avail, and she died 14 months after

the first symptoms.

Case 4. Also a woman, who came to Stockholm at age 36. After
two years there she developed right-sided pleurisy, and
further investigations including thoracoscopy revealed
malignant mesothelioma. Cytostatics were given due to increa-
sing pain but to no avail and the patient died 18 months

after the first symptoms.

DISCUSSION

In the village of Karain malignant mesothelioma affects both
sexes equally, usually during middle age (35-50 years), or
somewhat later in 1life. Smoking habits do not appear to
affect the risk of developing the disease, as the men smoke
and the women do not. This is in accordance with the litera-
ture (4). The disease appears to be familial but is not due
to a genetic defect, since some patients are not born in
Karain but have gone there from other places in Turkey as
brides. In these instances, the tumours develop about 35

years later.

Extensive investigations as to the cause of the disease in
Karin village has revealed the occurrence of a nonasbestos
mineral fibre of the zeolite family in the ground and in the
air of the village (5,6). This fibre is called erionite and
has also been shown to coccur in lung specimens from people
living in the village (7,8). Experimental studies with Karain
dust (9) and pure erionite (10,11) has shown a high incidence
of mesothelioma. Thus, there seems to be no doubt that the
large number of cases of mesothelioma in Karain villagers is

due to erionite.




The effects of erionite are very similar to those of asbes-
tos, and therefore not surprisingly a high incidence of
pleural changes, including plaques, has also been reported
(1). In the present study, only 7.4 per cent had visible
pleural plaques. This comparatively low figure is probably
due to the fact that pleural plaques need many decades to
develop (12) and the mean age of the investigated persons in
this study is relatively low.

A more exhaustive list of Karain villagers living in the
Stockholm area comprised 117 persons. This list was obtained
thanks to their own cooperation and with the aid of various
organisations, but it is unfortunately not complete. Approxi-
mately 50more persons from the village are known to live in
the area but showed no interest in participating in the
survey. This should, however, not affect the results of the
study, since their reasons for not participating are not
medical.

The visceral pleura in asbestos exposure has been the subject
of few investigations, mainly due to the reason that it is
not very easily studied. It can be seen only in the fissures
and especially in the minor fissure of the PA view. If
carefully looked for, this fissure is seen in a high propor-
tion of normal individuals as a hair-fine line. Felson claims
that it can be seen in 56 per cent (13). Even a very slight
thickening of it will increase the chances of it being seen.
Thickening of the minor fissure is included in the ILO system
for pneumoconiosis as an obligatory comment (14), but unfor-

tunately it is rarely commented upon.

Studies from Finland (15) and Turkey including the erionite
villages (16) are, however, available. In the erionite
villages, in persons without pleural calcifications, 34 per
cent did have an enlarged minor fissure; in Finland, in an
area with environmental asbestos pollution, this figqure was

7.9 per cent. In controls from both countries no such thicke-
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ning of the minor fissure occurred. In a recent paper, it
was claimed that the first sign of asbestos exposure is a
diffuse thickening of the visceral pleura (17). Thus, it is
probable that the increased visibility and the 8.5 per cent
of clearly thickened minor fissures in this study reflects
early pleural changes caused by by erionite. This theory is

further strengthened by the progression seen in a few cases.

The “normal" or "background" incidence of malignant meso-
thelioma in a population not exposed to asbestos has been
estimated to be 1 per million per year (3). In the present
small group of 150 persons, there is about one case every
year. There might be other patients who go back to Turkey
when they fall ill and thus have been missed by us. Thus, the
incidence approaches 1 per 100 per year and is at least half
that - a risk increase of 5 to 10 thousand times. Further
follow-up of this small group is therefore of great impor-
tance and might give information as to various risk factors

other than the exposure for erionite per se.
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ABSTRACT

Asbestos-related parietal pleural plaques develop slowly and
are of little clinical significance. Other asbestos-related
pleural reactions, as for example acute exudative pleurisy
and progressive pleural fibrosis, often occur suddenly and
are of «clinical importance. The pathogenesis of these
reactions is unknown, but immunological disturbances may be
involved. To investigate this a phenotypic characterization
of lymphoid cells was performed in the blood of 45 patients
with asbestos-related pleural 1lesions; 20 with pleural
plaques (PP), 15 with diffuse pleural fibrosis (DPF), and 10
with acute benign asbestos pleurisy (BAPE). Twenty-four
healthy blood donors were used as controls. The percentage
number of "helper/inducer" T cells was significantly lower
in the BAPE and DPF groups than in the control and PP groups.
All asbestos groups together had a significantly higher
percentage of B cells than the controls. Thus, significant
differences in peripheral blood lymphoid cells were found in
various groups of asbestos-related pleural diseases, and in
particular patients with DPF and BAPE differed from patients

with PP only who were similar to normals.

INTRODUCTION

Exposure to asbestos can cause both benign reactions and
malignant tumours in man (1) and can also affect the immune
system (2). Pleural changes‘are the most common of the
asbestos-related findings, and most often seen are parietal
pleural plaques. These consist of dense collagen tissue and
typically show a gradual development without any sudden
progression (3). The lung itself is not affected by the
plaques, although a parenchymal fibrosis may be present

concomitantly.



Other asbestos-related reactions of the pleura also occur. An
exudative pleurisy can appear suddenly (4). Extensive
pleural fibrosis with adhesions and involvement of the lung
parenchyma affecting the pulmonary function can also be seen.
This type of change can result from an exudative pleurisy,
but it can also occur without any apparent such episode.
These changes can be  progressive ({(5). Navratil and Dobias
gave the first extensive description of these pleural changes
and named them "hyalinosis complicata", while the plaques
were called "hyalinosis simplex" (6). The erythrocyte
sedimentation rate (ESR) is significantly more often elevated
in patients with the diffuse pleural fibrotic changes than in
those with pleural plaques alone, indicating some type of

inflammatory activity (7).

The present study was undertaken with the aim of determining
the nature of some possible disturbances in the immune system
of persons with different asbestos-related pleural changes.

MATERIAL AND METHODS

Patients: At the Department of Lung Medicine in Uppsala,
Sweden, a large number of persons with asbestos-related
pleural and parenchymal changes are seen (3). They were
divided into three groups according to the findings on their

chest roentgenograms:

1/ Pleural plaques only (PP), the criteria being bilateral
plaques at least 5 mm thick (3);

2/ benign asbestos pleural effusion (BAPE), with a proven
exudate and tuberculosis, malignancy and other possible
causes of the effugion excluded;

3/ bilateral diffuse pleural thickening of various degrees
(DPF), with rounded costo-phrenic angles but without pleural
effusion.




Consecutive patients, all male, were collected. The number
of patients with PP was limited to 20. There were 15 patients
with DPF and 10 with BAPE. They were all occupationally
exposed to asbestos, mainly as building workers, and most had
had only intermittent exposure. They had been exposed for in
the mean20 years with extremes of 3 to 35 years. There was no
difference in the intensity or length of exposure between the
various groups (PP,BAPE och DPF).

Controls: Twenty-four healthy blood donors were used as
controls.

Peripheral blood mononuclear cells:

Mononuclear cells in heparinized venous blood were isolated
by standard methods on a Ficoll-Hypaque density gradient. The
cells were then washed three times in phosphate-buffered
saline (PBS) containing 0.1 % bovine serum albumin (BSA) at
106 cells/ml. Approximately 10 ul of the cell suspension was
dropped into each well of a multiple well microscope slide.
The slides were air-dried at +379°C for one hour and then
stored at -70°C. After storage the cell preparations were
immediately fixed in acetone diluted 1l:1 with water (+49°C)
for 1 min and finally fixed in 100 % acetone (+49C) for 5 min
before staining (8).

Antisera and other reagents:

The murine monoclonals denoted anti-Leu 4, -Leu 2a, -Leu 3a,
-Leu 7, -Leu 1l1lb, -Leu 10, -Leu 12 and anti-HLA-DR, were all
obtained from Becton Dickinson (Sunnyvale, Calif., USA).
Anti-Leu 4 defines all peripheral T cells (9), whereas
anti-Leu 2a defines the "suppressor/cytotoxic" T-cell subset
(10). Anti-Leu 3a reacts with the "helper/inducer" T-cell
subset (10), but also reacts with some cells of the mono-
cyte/ macrophage lineage (ll1) in prefixed cell samples.
Anti-Leu 12 defines all peripheral B cells (12). Anti-Leu 10
is specific for the HLA—DQ antigen, a human D region associ-
ated antigen (13), which differs from the HLA-DR antigen
recognized by the anti-HLA-DR monoclonal (14). The human D
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region associated antigens are expressed in B lymphocytes,
monocytes/macrophages and activated T cells. The anti-Leu 7
and anti-Leu 11lb monoclonals are thought to define the major
NK and K cell subsets (15,16).

FITC-conjugated goat anti-mouse antibody was obtained from
the National Bacteriological Laboratory (SBL), Sweden.
Biotinylated horse anti-mouse IgG, avidin DH and biotinylated
horseradish peroxidase H ("ABC" kit) were obtained from
Vector laboratories (Burlingame, Calif., USA). 3-amino-9-
ethylcarbazole was obtained from Sigma (St Louis, Mo, USA).

Immunoenzyme staining:

After the fixation procedure the slides were washed in PBS
(pH 7.4) for 5 min. The subsequent incubations were carried
out sequentially at room temperature and the slides were
washed for 5 min in the PBS buffer between each step. Endo-
genous peroxidase was blocked by incubation in 0.3 percent
H307 for 15 min. The cell preparations were then incubated
for 30 min in a humid atmosphere with 25-ulportions of
monoclonal antibodies (dilution 1/32 for anti-Leu 4, -Leu-2a,
-Leu 3a, -Leu 10 and -Leu 12, and 1/128 for anti-HLA-DR in
PBS containing 4 per cent BSA). Biotinylated horse-antimouse
IgG (dilution 1/400) was allowed to react with the cell
preparation for 30 min. A complex of 5 ul of avidin DH (10
mg/ml) and of 5 ul of biotinylated horseradish peroxidase H
(5 mg/ml) in 400 ul of PBS was then layered on the cell
preparation for 30 min. The peroxidase reaction was developed
with use of a carbazole-containing buffer for 15 min. The
cell preparations were exposed to haematoxylin for nuclear
staining and mounted in Kaiser’s glycerin-gelatin (Merck,
Darmstadt). The percentage of positive cells with a marginal
membrane staining pattern (9) was determined by counting

200-500 mononuclear cells in a routine light microscope.

Immunoflourescence staining:

When using first-step monoclonals of IgM class (anti-Leu 7
and anti-Leu 1lb antibodies), FITC-conjugated goat anti-mouse




Ig was used as the second-step reagent. The cell preparations
were incubated for 30 min with 25-ul portions of monoclonal
antibodies (dilution 1/80 for Leu 7 and 1/20 for Leu 1llb in
PBS containing 4 per cent BSA), washed for 5 min in PBS and
then incubated with FITC anti-mouse immunoglobulin (dilution
1/320 in PBS containing 4 per cent BSA) for 30 min. After
being washed in PBS for 10 min, the cell preparations were
mounted in PBS-glycerine. The cells were examined under a
Leitz epifluorescence microscope. The percentage of positive

"~ cells was determined by counting 200 cells. The primary

antibody was omitted for the negative controls.

Statistical methods. Student’s t test (two tails) was used.

RESULTS

There were no significant differences between the various
asbestos groups regarding age, but the normal controls were a
little younger. The mean values for ESR and for various
subsets of lymphocytes are given in Table 1.

Lymphoid cell phenotypes. The mean percentage of T cells (Leu

4) was lower in the PP and, particularly, in the DPF group
than in the normal controls . (p<0.05 and <0.005, respective-
ly), but there wasg no significant difference between the BAPE
group and normals. The mean value for the PP group was lower
than that for the BAPE group but not significantly so, and
lower than the DPF group (p<0.05); the mean value for the DPF
group was significantly lower than that for the BAPE group
(p<0.005).

For the "helper/inducer" (Leu3a) T cells, groups DPF and BAPE
had a significantly lower value than the controls (p<0.005).
The PP group, however, was not significantly different from
the normals, but there was a significant difference between
groups PP and DPF (p<0.05) and PP and BAPE (p<0.05) and
between PP and the combined DPF and BAPE groups (p<0.0l1), PP
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TABLE 1
AGE, ERYTHROCYTE SEDIMENTATION RATE (ESR) AND VARIOUS ‘
LYMPHOCYTE SUBSETS
(WITHIN BRACKETS TWO STANDARD DEVIATIONS) w
NORMALS PLEURAL DIFFUSE ASBESTOS }
PLAQUES PLEURAL EFFUSION w
(PP) FIBROSIS  (BAPE) !
(DPF) ‘
j
n 24 20 15 10
AGE (YEARS) 48.6 65.9 61.7 62.4
(15.0) (16.7) (19.6) (24.2)
ESR - 14.1 20.2 31.6 |
(19.4) 26.0) (34.9) {
HLA-DR 29.1 28.3 28.9 32.3 \
(9.8) (12.4) (14.8) (11.2) ‘
Leu 10 11.5 11.4 13.67 13.33
(HLA-DQ) (7.6) (10.2) (17.2) (12.3)
Leu 4 63.0 56.8 50.1 59.4
(pan-T) (11.4) (16.2) (19.3) (13.1)
Leu 2a 24.1 27.5 23.5 26.4 :
(suppr./cytotox.) (9.0) (17.8) (18.7) (13.1)
Leu 3a 42.9 41.7 32.8 33.3
(helper/inducer) (12.2) (18.5) (22.0) (17.2)
Leu 12 4.2 5.2 4.8 6.3
(B cells) (4.2) (8.2) (4.1) {5.6)

having a higher value. No significant difference was found
for the "suppressor/cytotoxic" (Leu2a) cells.

There were no significant differences between the groups
regarding the Leu 10%* (HLA-DQ), HLA-DR* or Leu 12% cells (the
B cells). However, all asbestos groups (PP,DPF and BAPE)
combined had a significantly higher percentage of B cells
than the normal controls (p<0.01l).

o



The changes in Leu 3a and the non-significant changes in Leu
2a subsets followed each other to some extent, and hence
there were no differences between the various groups for the
Leu 3a/Leu 2a ratio. In normal controls, this ratio was 1.89;
in the PP group 1.66; in the BAPE group 1.52; and in the DPF
group, 1.66. For all three asbestos groups combined, the
figure was 1.63, which was not statistically different from

that of the normal controls.

ESR. The sedimentation rate differed significantly between
the PP and the BAPE groups (p<0.005) and between the PP group
and the combined group of BAPE and DPF (p<0.005).

Correlations. ESR correlated with changes in the percentage
numbers of B cell (Leu 12%) in group BAPE (r=0.51) and in
groups DPF and BAPE combined (r=0.49), but not in group DPF
alone, nor in group PP (r=-0.03). There were no correlations
between any other lymphocyte subsets and ESR in any group.

DISCUSSION

In persons exposed to asbestos several immunological derange-
ments have been demonstrated (2). The most consistent
findings are an increase in the B-cell lymphocyte activity,
with increased levels of various immunoglobulins and auto-
antibodies, and defective T-cell activity, manifested by weak
or absent delayed cutaneous reactions to common antigens such
as tuberculin protein (17). A decrease in T lymphocytes in
the blood has been reported (18,19,20) and both subsets
("helper/inducer" (18) and "suppressor/cytotoxic" (18,21,22))
seem to be affected.

The number of B lymphocytes has been reported to be both
decreased (23) and increased (21) in the blood of persons
exposed to asbestos, but the consistent reports of elevated
levels of immunoglobulins (2,19,24) and autoantibodies such
as rheumatoid and anti-nuclear factors (2,25,26,27) indicate

that these cells must be hyperactive. This hyperactivity
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might be due to a direct effect of asbestos on B cells and/or
defective suppressor T-cell function. In the present study
the B cells were increased in number in the asbestos group.

More interestering than the changes in the combined group of
asbestos-exposed persons is the fact that significant diffe-
rences in the lymphocyte subsets were observed between groups
with clinically and radiologically different asbestos-related
changes. In particular, the PP group differed in many aspects
to a greater extent from the BAPE/DPF group than from the
normals, as seen in table 1. This was especially true for the
"helper/inducer" T cells. These findings are in accordance
with the c¢linical findings of Navratil and Dobias, who
divided the pleural changes into "hyalinosis simplex" and
"complicata" (6) and also fit with the clinical impression
that the diffuse pleural fibrosis with rounded cocto-phrenic
angle is secondary to a benign asbestos pleural effusion
(4,5).

A hypothesis which fits with these data is that in some
individuals exposed to asbestos only minor immunological
changes will develop; these persons will show pleural plaques
only. Other persons, however, are prone to a more severe
immunological derangement; these are the ones who develop
BAPE and/or DPF.

Since an intact immunoregulatory network is thought to be of
importance for protection against tumours, the observed
numerical imbalance between different 1lymphocyte subsets
might have further consequences. DPF and BAPE seem to be
fairly common in populations with a high risk of malignant
mesothelioma but rare in other asbestos-exposed populations
where this risk is 1low (28,29). The question of whether the
immunological imbalance observed here is of any aetiological
importance for the development of malignant tumours or repre-
sent only a secondary epiphenomena necessitates further

studies.
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11 28 are least at least
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14 4 adsorhed absorbed
15 1 (12,23) (12,28)
15 4 Cystal system Crystal system
needle
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