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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 to 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 to 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 1 lb 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.1 2 The mineralogical characteristics34 and
the deleterious effects on human health are similar to
those of asbestos.5 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.6

Since an intact immunoregulatory 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.8 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.9 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 vil-
lage ofKarain now living in Stockholm were obtained
from a list of an earlier study9 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 investigation
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 heparinised 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) containing 0-1% bovine serum albumin (BSA)
at 106 cells/ml. About 10 pl of the cell suspension was
dropped into each 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 one minute and finally fixed in
100% acetone (+4°C) for five minutes before stain-
ing. I0

ANTISERA AND OTHER REAGENTS
The murine monoclonals denoted anti-Leu 4, -Leu 2a,
-Leu 3a, -Leu 7, -Leu 1 Ib, -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-Leu 2a defines the
"suppressor/cytotoxic" T cell subset.'2 Anti-Leu 3a
reacts with the "helper/inducer" T cell subset,'2 but
also reacts with some cells of the
monocyte/macrophage lineage'3 in prefixed cell sam-
ples. Anti-Leu 12 defines all peripheral B cells (TC
Meeker et al, in preparation). Anti-Leu 10 is specific
for the HLA-DQ antigen, a human D region associ-
ated antigen,'4 that differs from the HLA-DR anti-
gen recognised by the anti-HLA-DR monoclonal."
The human D region associated antigens are
expressed in B lymphocytes, monocytes/
macrophages, and activated T cells. Anti-Leu 7 and
anti-Leu 11 b monoclonals are thought to define the
major NK and K cell subsets.'6 17
The FITC conjugated goat antimouse antibody

was obtained from the National Bacteriological Lab-
oratory (SBL), Sweden. Biotinylated horse antimouse
IgG, avidin DH, and biotinylated horseradish per-
oxidase H ("ABC" kit) were obtained from Vector
laboratories (Burlingame, Calif). 3-Amino-9-
ethylcarbazole was obtained from Sigma (St Louis,
Mo).

IMMUNOENZYME STAINING
After the fixation procedure the slides were washed in
PBS (pH 7 4) for five minutes. The subsequent incu-
bations were carried out sequentially at room tem-
perature and the slides were washed for five minutes
in the PBS buffer between each step. Endogenous per-
oxidase was blocked by incubation in 0-3 H202 for 15
minutes. The cell preparations were then incubated
for 30 minutes in humid atmosphere with 25pl por-

tions of monoclonal antibodies (dilution 1/32 for
anti--Leu4, -Leu 2a, -Leu 3a, -Leu 10, and -Leu 12,
and 1/128 for anti-HLA-DR in PBS containing 4%
BSA). Biotinylated horse-antimouse IgG (dilution
1/400) was allowed to react with the cell preparation
for 30 minutes. A complex of 5 p1 of avidin DH
(10mg/ml) and of 5y1 of biotinylated horseradish
peroxidase H (5mg/ml) in 400p1 of PBS was then
layered on the cell preparation for 30 minutes. The
peroxidase reaction was developed with use 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"l was determined by counting 200-500
mononuclear cells in a routine light microscope.

IMMUNOFLUORESCENCE STAINING
When using first step monoclonals of IgM class (anti-
Leu 7 and anti-Leu I lb antibodies) FITC conjugated
goat antimouse Ig was used as second step reagent.
The cell preparations were incubated for 30 minutes
with 25yl portions of monoclonal antibodies (dilu-
tion 1/80 for Leu 7 and 1/20 for Leu 1 lb 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 cells were examined under a Leitz
epifluorescence microscope. The percentage of posi-
tive cells was determined by counting 200 cells. The
primary antibody was omitted for the negative con-
trols.

STATISTICAL METHODS
Student's t test 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 serum concentrations of albumin, IgG, 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) (mean value 1-2,
2SD 0 19).
As seen in fig 1, the mean percentage of Leu4+ cells
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Serum concentrations ofalbumin, immunoglobulins, andplasma orosomucoid in the Karain group. Normal range is givenfor
comparison

Karain group

Mean value and
No of samples SEM (g/l) Normal range (gll)

Serum albumin 71 45.8 (0.45) 37-52
Serum IgG 71 11-7 (0-25) 7-15
Serum IgA 58 205 (011) 08-3-8
Serum IgM 58 1-39 (007) 04-2
Plasmaorosomucoid 71 1-0 (0.03) 05-1

was lower (p < 0-01) and that of B cells (Leu 12+)
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 differ
from those in the control group. NK/K cell numbers
as defined by the anti-Leu 7 and anti-Leu 1 lb mono-
clonals were also normal.
The percentage of Leu 3a+ 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 abnormalities,
however, showed a more profound reduction of
Leu 3a+ cells, leading to a lower Leu 3a/Leu 2a ratio.
These differences from the rest of the Karain group
were not statistically significant.

_ 60 jjISSKarElControl60tpineieaboo agroupKrcirin
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Leu 4+ Leu 12+ HLA-DR+ HLA-D0+ LEJ 7+ LEUJ11b

Fig 1 Per cent positive cells (mean SEM) of different
phenotypes in peripheral blood ofKarain group (n = 74for
Leu 1, Leu 12, HLA-DR, and HLA-DQ, n = 15for Leu 7
and Leu Ilb) and control group (n = 10for all monoclonals
examined).

Discussion

Earlier epidemiological studies have shown that
environmental exposure to fibrous zeolite can cause
pleural plaques, pleural calcification, pleural and peri-
toneal mesothelioma, and pulmonary fibrosis,l 15 18
diseases similar to those caused by exposure to asbes-
tos. Experimental exposure of animals to erionite has
resulted in mesothelioma,8 19 which supports these
epidemiological data.

In asbestosis several immunological derangements
have been shown, including a numerical imbalance
between different immunoregulatory T cell subsets.20
In people exposed to erionite, however, no such
immunological studies have been reported. Our
finding of a reduced number of Leu 3a+ cells
(helper/inducer T lymphocytes) leading to a decrease
in the Leu 3a/Leu 2a ratio is, to our knowledge, the

[]Controi
0 Karoinf group

Fig 2 (a) Per cent positive cells (mean SEM) ofLeu3a
and Leu 2a phenotype in peripheral blood in Karain group
(n = 74) and control group (n = 34). (b) Leu 3a/Leu 2a
ratio in Karain group (n = 74) and control group (n = 34).

Ozesmi, Karlsson-Parra, Hillerdal, Forsum832

copyright.
 on M

ay 26, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.43.12.830 on 1 D

ecem
ber 1986. D

ow
nloaded from

 

http://oem.bmj.com/
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first evidence of a T cell subset derangement in people
exposed to erionite. This finding is similar to the
derangement in T cell subsets found in individuals
exposed to asbestos.

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 interest. It is still unclear, however, whether this
imbalance is of aetiological importance for the devel-
opment of mesothelioma, or if it represents a second-
ary epiphenomenon. 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 Diseases
for their support.
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