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Abstract Three mesothelioma cell lines (MeET-4
MeET-5, and MeET-6) established from ascitic fluid o
F344 rats with spontaneous abdominal mesothelioialignant mesothelioma is a neoplasm arising from the
have been maintained through at least 60 passages osé¢hesal membrane covering the visceral organs in the
DMEM with 10% FBS. Two of original tumours consistpleura and peritoneum. In humans, asbestos fibres are
ed of epithelioid cells growing in a papillary paterrsuspected, on the basis of epidemiological studies of be-
while one (original tumour of MeET-5) had sarcomatolisg the primary cause of malignant mesothelioma. There
areas composed of spindle-shaped tumour cells. The gl long latent period following exposure [6]. The inci-
line originating from MeET-5 showed a constantly begience of the disease has been rising in the world, in par-
phasic growth pattern during the repetitive subcloningljel with the worldwide development and increasing use
while the other two lines retained a monophasic growsh asbestos. In the laboratory, the carcinogenic potential
pattern. Although the growth pattern was different, thg asbestos has been identified in mice and rats exposed
tumour cells in all three lines were positive for vimentito the chemicals through inhalation or by inoculation di-
and keratin and ultrastructurally showed an abundant disetly into the lung [7-9, 18, 41]. Many attempts have
tribution of glycogen granules in the cytoplasm and nbeen made to characterize the nature of malignant meso-
merous long microvilli on all surface. The modal chrahelioma in animal models. The implantation of human
mosome number of cell lines varied from 41 to 71, anghalignant mesotheliomas into mice was reported by
abnormal chromosomes were frequently seen. All cBllelefeldt-Ohmann et al. [3] and by others [27, 30] using
lines established formed colonies on semi-solid mediumde mice that had pieces of the tumour mass inoculated
and could be successfully transplanted, growing tumalirectly into the subcutis or abdominal cavity. Several in
masses in syngeneic rats and thus indicating their malgro cell lines of human malignant mesothelioma have
nant nature. Cell lines grew even on a medium withbgen also established [2, 24, 29, 32, 39, 40]. In the
low concentration of FBS. The evidence suggests tlaurse of the experiments using these in vivo and in vitro
they may produce growth factors that enable them to ssystems, it has been shown that there is a close relation-
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vive unfavourable medium conditions. ship between growth of mesothelioma cells and several
classes of cytokines [10, 13, 20, 25, 37, 38].
Key words Mesothelioma - Cell line - F344 iat In an investigation on the nature of a tumour, an ani-

mal model derived from naturally occurring tumours will
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similar to the epithelioid type of their human countegolonies containing more than 50 cells was counted under the mi-

part, and their growth pattern is more nearly uniforﬁﬁo'sl%%pghimals used in the present studies were reared, treated
than that of asbestos-induced mallgnant mesothehonaﬂé killed in accordance with the provisions for animal welfare in
[14, 15, 36]. Recently several cell lines of spontaneot Institute of Environmental Toxicology, which are based on the

mesotheliomas in F344 rats have been reported [11, Gdidelines for Animal Experimentation issued by Japanese Asso-
34], but few data are available on their biological fe&iation for Laboratory Animal Science [17]. S
tures. The present report describes the estabslihmenf_ég clarify the in vivo growth capacity of the three cell lines in

B ; . eneic rats, each cell line was transplanted intraperitoneally
chracterization of three cell lines derived from spontangp.j to four males and four females and subcutaneously (s.c.) to

ous abdominal mesotheliomas in F344 male rats. three females (all adult F344 rats). Single-cell suspension @f 10
cells in 2 ml of DMEM was inoculated into each animal. Animals
were observed daily for tumour growth, and were sacrificed when
Materials and methods the tumours reached about 4 cm in diameter following s.c. inocu-
lation and when increased ascites and/or marked debility were rec-

The mesothelioma samples were obtained from three male F%gfrzll'-zed following i.p. inoculation.

. To assess single-cell suspension of mesothelioma cell lines
rats (Charles River, Japan, Tokyo, Japan) that belonged to the tys cells/well) was seeded in triplicate onto 24-well plastic plates,
ment groups at different dose elevels in a 104-week chronic toxic bated for 6 h in DMEM containing 10% FBS and then incu-
and oncogenicity study. The test substance, a novel acaricide, %d overnight in serum-free DMEM. To examine the factors in-
administered by incorporating it into the basic diet for each d .

) . : ; ncing the growth rate of the cell lines, serum-free medium was
level at five dietary levels, including 0 ppm for male and female a sequently replaced by the following four test media: 1% FBS
mals for a period of 104 weeks. At the initiation of treatment, e . ith ithout epid | th factor (EGE. Boehri
dose group consisted of 50 males and 50 females. Animals fo I'\lAJm r‘?". OT V(\j" ou heg' ermta growHCacS_or ( Mi hoe fgg/'
dead or killed in extremis during the treatment period were subjett;, rr?gdiﬁlrrnn'Tﬂe'gzecilrs ir){vxr/gﬁgrv:/se(?gehegrveéte:jg?n% coIL(I:nft)a’(j at 204_
ed to necropsy, as were survivors after 104 weeks of treatment. Is for 7 d he doubli ; lculated |
incidence of malignant mesothelioma in males ranged from ervals for 7 days. The doubling time was calculated to evalu-

- : =2 1ol (8 the effects of FBS, EGF and HC on cell growth.
(middle low dose group) to 2%. Th'so range was similar in tatistical significance was evaluated by applying Mann-Whit-
groups, and t_he mean |nC|der_10e was 4%. The first male Seen tﬂ U-test [12] to the data obtained to growth rate analysis
bearing a malignant mesothelioma was 90 weeks of age (middle )
dose group). Two of the three rats killed in extremis at 97 and 106
weeks of age, respectively, showed signs of anaemia, debility gnd
abdominal distension. The other one survived until the terminal RF It
(111 weeks of age), though the same clinical signs were observed. . .
Under ether anaesthesia, abdominal fluid (2-3 ml) was collected ifi€ three mesotheliomas occurred as multiple nodules of
to a syringe in sterile conductions. After centrifugation (1000 rpmy&rious sizes on the genital serosa and peritoneum, ac-
min), the cells in the pellet were seeded onto a 90-mm Premj panied by bloody ascites. No metastatic foci were

dish containing 6 ml of DMEM (Nissui Seiyaku, Tokyo, Japan) wi ; ; ; _
10% fetal bovine serum (FBS, Gibco, N.Y,). 2 roilutamine, an- bserved. Histopathological alterations other than meso

tibiotics (kanamycin, 5 pg/ml, ICN Biomedicals, UK), and amphéhelioma in the abdominal cavity in these rats were those
tericin B (2.5 ug/ml; ICN Biomedicals). After 6 h incubation at 3@sually observed in aged male rats, including Leydig cell
°C/5% CQ, the medium containing nonadherent cells was removggnours in the testis, bile ductal proliferation and altered
and replaced by fresh. Confluent cells were detached with O.2§g1;| foci in the liver
trypsin (ICN Biomedicals), with a 0.02% EDTA added. At the 5t Histologicall t.h iginal t N i
passage, subcloning was carried out by the limit dilution method us-T11Stologically, the original tumours ol cell lines
ing 96-well culture plates and then over 60 passages were repeald@ET-4 and MeET-6 represented typical papillary meso-
The original tumour specimens and cultured cells scraped fréheliomas in which single or several layers of epithelioid
the culture dish were fixed in 2.5% phosphate-buffered glutaraldes|is covered the vaso-fibrous connective tissue (Fig. 1a).

hyde, postfixed in 1% osmium tetroxide and embedded in ep . -
resin for electron microscopy. Aultrathin sections were stained witimour cells were cuboidal, and had abundant eosino-

uranyl acetate and lead citrate and examined using an electronfhilic cytoplasm and round to oval nuclei. The original
croscope 1200EXII (JEOL, Tokyo, Japan) operated at 80 kV.  tumour of MeET-5 showed predominantly typical papil-
To visualize intermediate filament, the cells cultured on '—ahry growth of epithelioid cells, and in limited areas there

Tek chamber slides (Nunc, Ill.) were fixed in methanol for 5 min : - .
and subsequently an avidin—biotin complex (ABC; Dako, GIog\lere sarcomatous regions consisting of spindle-shaped

trup, Denmark) method was applied. Anti-bovine keratin rabti€lls under the epithelioid cell layers. Both types of cells
antiserum (Dako, Calif.) and mouse anti-swine vimentin antiboslyere positive for vimentin and keratin. The reaction of
(Dako) were used as primary antibodies. Likewise, methacagpindle-shaped cells was partial and weaker than that of
fixed, paraffin-embedded tumour specimens were used for the gg'ithelioid cells (Fig. 2)
munohistochemical staining of these two antigens. L .
When the culture cells attained approximately 50% confluency, Ultrastructurally, intracytoplasmic glycogen granules,
they were harvested for chromosome number analysis. After expittermediate filament and desmosome-like structures be-
sure to 0.25 pg/ml colchicine (Wako Pure Chemical Industriggveen the cells were frequently observed. In the tumour

Ltd., Osaka, Japan) for 2 h, the cells were suspended in a hypo i i il
ic solution containing 0.4% KCI for 20 min. Then the cells wert%ns on the surface of papillary nodules microvilli were

fixed in 33% acetic acid in methanol, air-dried, and stained wigPserved on the cell surface, and basement membrane
Giemsa. To assess the distribution of chromosome number, at [§@ftarated the tumor cells from the vaso-fibrous connec-
50 cells in metaphase were counted in each cell line. tive tissue (Fig. 3a). In the cells in the sarcomatous re-
ot 2Tt ancorage ndeperdertgroth ot mesolfons of the original umour of cell line MeET5, there
ing 10% FBS énd 0.5% bacto-agar were seeded onto a 60- fre only scarce microvilli on thef Ce”. _surface and no
dish with a solid layer of 7 ml of 0.5% bacto-agar in the same nf¢€ar basement membrane was identified between the

dium. Dishes were incubaed for 2 weeks at 37 °C. The numbemnaighbouring parenchymal tissues.
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Fig. 1 a Typical papillary growth of the original tumour of microvilli, intracytoplasmic glycogen granules and basement
MeET-4 andb solid area consisting of epithelioid and spindlemembrane grrowhead. Desmosome-like structures are seen be-
shaped cells of the original tumour of MeET-5. Haematoxylin artdieen the tumour cells). Intermediate filamenta(inse) and ly-
eosin stain, x173 sosomes k) were also prominenta x10000, inset x10000; b

. . . oo . - . %4500
Fig. 2 a Anti-keratin andb anti-vimentin staining of the original
tumour of MeET-5. Epithelioid cells are strongly positive for botkig. 4a, b Mesothelioma cells in cultur@a MeET-4 showing epi-
antibodies, while the reaction of spindle-shaped cells is weakhelioid phenotype antd MeET-5 consisting of epithelioid and
positive. x34(: spindle-shaped cells. Phase-contrast microscopy, 400

Fig. 3 a Transmission electron microscopy of papillary region dfig. 5 a Anti-keratin andb anti-vimentin staining for MeET-4.
original tumour and cultured cell of MeET-6 showing numerousAll cells express positive reactions to both antibodies. x 1400
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Table 1 Characteristics of three mesothelioma cell liripsrtraperitoneal inoculatiorsc subcutaneous inoculatic 1)

Cell Morphology Immunocytochemistry Modal Frequency of Tumorigenicity Colonies
lines for intermediate filament chromosome large submeta- in syngeneic rat 2 /dish
number centric chromosome  (weeks)
Keratin Vimentin
MeET-4 Epithelioid + + 41 50/50 10-12 ($c) 162
(38-43) 3-5 (iM
MeET-5 Epithelioid and + + 71 43/52 15-17 (ip) 44
spindle-shaped (65-74)
MeET-6 Epithelioid + + 63 33/51 19-22 (ip) 104
(59-69)

aThe number of colonies containing more than 50 cells was deteSubcutaneous mass reaches over 40 mm in diameter
mined at 2 weeks after seeding of triplicaté ¢6lls in soft agar ©Animal shows marked debiliiy
onto solid bottom of a 60-mm dish

Mesothelioma cell lines MeET-4 and MeET-6 werl stained specimens was a large submetacentric chromo-
epithelioid in appearance, forming monolayer sheetsme suggesting translocation (Fig. 6). The abnormality
reminiscent of cobblestones at the confluent stage (Rigis observed in 50/50, 43/52 and 33/51 cells in meta-
4a), while the cell line MeET-5 showed a biphasic chaghase of MeET-4, MeET-5 and MeET-6, respectively.
acter with both epithelioid and spindle-shaped cells (Fig. The average number of colonies per dish formed in
4b). Ultrastructurally, the cultured cells had numerogemi-solid medium were 162 and 104 for MeET-4 and
microvilli on the cell surface, intraplasmic glycogeMeET-6, respectively, while MeET-5 formed only 44 col-
granules, basement membrane and intermediate fdaies during 2 weeks after seeding ot &é€lis (Table 2).
ments, all visible with the electron microscope, with Although all the transplanted mesothelioma cell lines
good retention of many of the morphological propertigsoduced tumours in F344 rats, the kinetics of tumour
of the original tumours (Fig. 3b). These were also segevelopment varied substantially (Table 1). When inoc-
in the spindle-shaped cells of MeET-5. Immunocytadated into the peritoneal cavity, all the transplanted cell
chemically all mesothelioma cell lines showed positivimes developed multiple nodules or a large single mass
reactions, mainly around the nucleus, for both keratn the visceral surface, associated with retention of
and vimentin (Fig. 5). bloody ascites. After subcutaneous (s.c.) inoculation of

The chromosome numbers in these cell lines varigee MeET-4 cell line, 3 recipients developed masses
considerably. MeET-5, especially, showed marked varabout 4 cm in diameter at the inoculation site after
tion in the number of chromosomes ranging from 65 10®-12 weeks. One of them developed metastatic foci in
71. The modal chromosome numbers of MeET-5, MeHFRe pleural organs and thorax. Neither MeET-5 nor
5, and MeET-6 were 41, 71, and 63, respectively (TaeET-6 was successfully transplanted by s.c. inocula-
1). The major chromosomal aberration detectable in sbn.

In the FBS-free medium, all cell lines remained alive
for as long as 7 days. There were no significant differ-

Table 2 Growth rate of three mesothelioma cell lines (The influ-
ence of serum concentration and the effect of supplement of EGF
or HC to growth of the cell lines were evaluated on treatment 1
versus 4, and treatment 1 versus 2 or 3, respectively [( ) number of
trials, FBS fetal bovine serumEGF epidermal growth factor

(10 ng/ml),HC hydrocortisone (0.4 pg/ml)})

Doubling time (h, meantSD)

Group MeET-4 MeET-5 MeET-6

1 1% FBS 18.1+3.5 18.4+2.7 25.2+6.8
®) ) )

2 1% FBS+EGF 18.4+1.0 18.1+4.6 20.5%3.5
B 4 “4) 4

: 1|.|m 3 1% FBS+HC 20.0£7.5 18.3+4.1 25.9+5.8
4 o (6)

. ) 10% FBS 15.3+2.2 15.1+2.7 23.0+4.8
Fig. 6 Metaphase smear of a MeET-4 cell showing a large sub- Q) 8) ©)

metacentric chromosomartowhead. x1000(:
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ences in any of the cell lines between the two FBS cdlifferent phenotypes sometimes develop in dependence
centrations. The average doubling times of MeET-dn their growth state [5].
MeET-5, and MeET-6 cultured in DMEM with 10% FBS Although chromosomal abnormalities have frequently
were 15.3, 15.1, and 23.0 h, respectively (Table 2). Tiheen reported in human malignant mesotheliomas, sub-
supplement of 10% FBS, and EGF or HC to 1% FB$antial similarity in the types of changes has not been
medium did not produce significant changes to the dalucidated. Both in spontaneous and asbestos-induced
bling time of any of the three cell lines. mesotheliomas in rat and in spontaneously immortalized
mesothelioma cell lines, trisomy of chromosome 1 has
been reported to be the major chromosomal aberration
Discussion [21, 28, 29]. It has been suggested that involvement of
the gene(s) located on chromosome 1 may have an im-
We have established three mesothelioma cell lines pbftant role in the transformation of rat mesothelioma
tained from ascitic fluid of spontaneous abdominal mestells [11]. In the present study, a large submetacentric
theliomas that developed in F344 male rats. These celsomosome was very frequently observed in all cell
proliferated in DMEM with 10% FBS and required ndines, but trisomy 1 was not detected. Further studies will
growth factor supplementation. They have been cultivateel needed to characterize the translocation observed in
for more than 18 months through at least 60 passagksse cell lines.
The morphological and histochemical characteristics of Our mesothelioma cell lines grew in a semi-solid me-
the original tumour cells are maintained in the cell lingsum. This property is preserved by many cell lines with
even after 18 months of isolation. The cellular morpholbigh tumorigenic potential and established from malig-
gy and intermediate filament expression were similar tant tumours, including malignant mesotheliomas [4, 7,
those previously documented in the cell lines derivé®]. Mesothelial cells obtained from normal Sprague-
from human malignant mesothelioma [24, 29, 32, 39] aBDdwley rats show no anchorage-independent growth
asbestos-induced mesothelioma in rats [7, 18]. The fB]. A variety of cytokines, such as platelet-derived
lignant nature of the present three cell lines was showndvgwth factor, transforming growth factor-beta (T@G);-
their high growth capacity in soft agar and their high tinsulin-like growth factor and interleukin-6, are known
morigenicity in F344 rats following i.p. and/or s.c. inocuo be produced in malignant mesotheliomas [10, 13, 25,
lation. 31, 38]. A high level of TGH expression in some hu-

In human malignant mesotheliomas, three histologicahn and murine malignant mesothelioma cell lines was
subtypes have been reported: (1) epithelioid, (2) saréaund to be involved in regulation of the proliferation
matous or fibrous, and (3) biphasic or mixed [1, 36]. Bnd anchorage-independent growth of these cells [10].
F344 rats, it has been mentioned that most spontanddawever, reduced TGB- expression by anti-sense
abdominal mesotheliomas resemble the epithelioid typd&RNA resulted in specific inhibition not only of anchor-
of the human counterpart [14, 36] and show a more neage-independent growth in soft agar, but also of tumori-
ly uniform histological pattern than asbestos-induceegnicity in vivo in a syngeneic mouse challenge model
mesotheliomas in the same species [7, 8]. In the predé&ni. In the present study, the result of in vitro colony as-
study, all three mesotheliomas showed papillary growghay correlated with those of tumorigenicity in vivo, since
of epithelioid cells, but in the original tumour of théleET-4, which made the largest number of colonies,
MeET-5 line there were some sarcomatous areas cavas the most highly tumorigenic in the recipients. These
posed of spindle-shaped or stellate cells. Both typesre$ults suggest a possible involvement of T&GiR- the
tumour cells were positive to immunohistochemicarowth of our cell lines; this is most likely in the case of
staining with keratin and vimentin, as described in preWleET-4.
ous reports [15, 26]. The different phenotypes, i.e. epi-FBS supplement (1%) enabled all three of these cell
thelioid, spindle-shaped or stellate, have also been lnees to grow in vitro. The fact that these cell lines can
ported in the cell lines isolated from human malignagtow even at low serum concentrations might suggests
mesotheliomas [24, 38] and from asbestos-induced rtteat production of growth factors by these tumour cells is
sotheliomas in rats [7, 18], and the phenotypic variatigonantitatively and/or qualitatively different from that of
is said to be a unique feature of mesothelioma. Two dibrmal mesothelial cells. Such independent proliferation
ferent types of cells have been retained in MeET-5 db way of the formation of an autocrine loop is a com-
ing a long series of subcloning repeats, and it is probafslen phenomenon seen in many tumour cells, including
that the two phenotypes are interchangeable with ed&timan malignant mesothelioma cells [13, 20, 38] and rat
other. The factors that alter phenotypic expression hasebestos-induced mesothelioma cells [37]. EGF and HC
not been described in rodent mesothelioma cell lingsjuce rapid growth of human mesothelial cells [5],
whether spontaneous or chemically induced. Howevetereas EGF is not mitogenic for normal mesothelial
some cell lines from human malignant mesotheliomeslls of rats and may inhibit their growth in vitro [31].
are known to change their phenotypes according BGF and HC have commonly been used to establish me-
which species’ serum is used in the medium [19]. In hepthelioma cell lines [40]. However, once a cell line is
man benign mesothelial cells, it has been reported taatablished, the cells become insensitive to these factors
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[39]. Similarly, EGF and HC did not shorten the dou-7. Japanese Association for Laboratory Animal Science, JALAS
bling times of our cell lines. (1987) Guideline for animal experimentation (in Japanese).

. . . Exp Anim 36:285-288
Our established mesothelioma cell lines have SOME j31rand M-C, Renier A, Van der Meeren A, Magne L, Pinchon

morphological resemblance to human counterparts. Theym.c, Bignon J (1986) In vitro growth characteristics of rat
appear to be more adaptable to in vitro conditions thanmesothelioma cells in culture. Biol Cell 57:249-256
their human counterparts. They also have a high tumdf- Klominek J, Robért K-H, Hjerpe A, Wickstrom B, Gahrton G

; ol ; : (1989) Serum-dependent growth patterns of two, newly estab-
genic potential in syngeneic F344 rats. Further studies oni o4 1iman mesothelioma cell lines.  Cancer Res  49-

the biological and biochemical features of these cell g118_6121

lines will exploit the availability of this experimentabo. Lauber B, Leuthold M, Schmitter D, Cano-Santos J, Waibel R,
system as an appropriate model for human malignantStahel RA (1992) An autocrine mitogenic activity produced by
mesotheliomas a pleural human mesothelioma cell line. Int J Cancer 50:
' 943-950

Libbus BL, Craighead JE (1988) Chromosomal translocations
with specific breakpoints in asbestos-induced rat mesothelio-

21.
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