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An immunoperoxidase technique employing antibody
to prekeratin was used to study distribution and pattern
of staining of prekeratin filaments in cytological smears
obtained from 42 specimens of pleural and peritoneal
effusions (27 benign, 15 malignant). The smears were
either air-dried or ethanol-fixed. Both benign and ma-
lignant mesothelial cells showed distinctive peripheral
or perinuclear staining patterns which differed from
the characteristic arborizing pattern in adenocarcino-
ma cells. The ultrastructure of these 2 cell types studied
in 27 body fluids (12 benign, 15 malignant) and in 13

DIFFERENTIATION of malignant mesothelioma
and metastatic adenocarcinoma by routine light
microscopy is often difficult with the use of tissue sec-
tions prepared from surgically resected specimens or
smears of cytologic preparations obtained from effu-
sions. 1-4 For this reason, transmission electron
microscopy has been employed as a possible method
to aid in distinguishing these 2 types of neoplasm.
Ultrastructural features of mesothelioma in tissue
sections5,6 and of cells in pleural or peritoneal
fluids6-8 have been reported, including the presence
of tonofilaments within the cytoplasm of these cells.
Ultrastructural features of adenocarcinoma cells ob-
tained from various sites have also been described,
including the presence of intermediate filaments
within tumor cells.9 However, at the ultrastructural
level, the different classes of intermediate filaments
cannot be distinguished from one another, except
when prekeratin filaments form desmosomal attach-
ments or become aggregated to form tonofilaments.
The intermediate filament prekeratin has been

demonstrated by immunohistochemical methods in
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malignant tumors (3 mesotheliomas, 10 adenocarcino-
mas) showed a distinctive localization of intermediate
filaments which corresponded to and could explain the
pattern of staining obtained using the immunoperoxi-
dase technique. The immunohistochemical and ultra-
structural findings appeared characteristic for benign
and malignant mesothelial cells as well as for adenocar-
cinoma cells, and could be used as markers to differen-
tiate mesothelial tumors and reactive mesothelial cells
from adenocarcinomas. (Am J Pathol 1982, 109:206-
214)

tissue sections of normal epithelium,50 in mesothe-
liomas," and in adenocarcinomas.11-13 In addition,
prekeratin filaments have been demonstrated in cul-
tured cells"4-6 and in dissociated epithelial cells from
various animals. 17 The possibility exists that prekera-
tin filaments may be detected in human cells present
in cytologic effusions and that this may be of diag-
nostic value in surgical pathology.

In the present study, we have characterized the
distribution and pattern of prekeratin filaments in
benign and malignant mesothelial cells (of mesoder-
mal origin) and in adenocarcinoma cells (of ectoder-
mal or endodermal origin), using an immunoperox-
idase technique. We have compared these immuno-
histochemical results with ultrastructural features of
these two types of cells to assess whether immunohis-
tochemistry is useful in the differential diagnosis of

Accepted for publication June 23, 1982.
Address reprint requests to Dr. H. Kahn, Women's Col-

lege Hospital, Department of Pathology, 76 Grenville
Street, Toronto, Ontario, Canada M5S 1B2.

0002-9440/82/1110-0206$01.25 © American Association of Pathologists

206



Vol. 109 * No. 2

malignant mesothelioma, reactive mesothelial cells,
and metastatic adenocarcinoma.

Materials and Methods

All cases of mesothelioma (4) and adenocarcinoma
(15) included in the present study were confirmed at
the time of surgery or autopsy with the use of
clinical, gross, and microscopic criteria. In the case
of the mesotheliomas, the lungs were encased by
tumor in the surgical specimens. Histologically, these
tumors were biphasic and showed malignant spindle
cell and epithelial components. In addition, no
adenocarcinoma was found elsewhere.
Forty-two pleural and peritoneal effusions (27

benign and 15 malignant) submitted to Women's Col-
lege Hospital, Toronto, were used prospectively for
the preparation of smears. The smears were fixed in
ethanol and stained for routine diagnosis with the
Papanicolaou stain. If sufficient material was
available, additional smears were either ethanol-fixed
or air-dried prior to immunoperoxidase staining with
an antiserum to prekeratin. In a retrospective ap-
proach, coverslips were removed from Papani-
colaou-stained smears of effusions by the immersion
of slides in xylene, and the immunoperoxidase tech-
nique was then applied.
Touch preparations of normal squamous and col-

umnar epithelial cells from cervix were similarly fixed
and stained for comparison with the cells in the
effusions.

Prekeratin was prepared from human plantar
scrapings by the method of Sun and Green.Is Two
major bands (mol wt 45,000 and 60,000) were iden-
tified by sodium dodecyl sulfate polyacrylamide gel
electrophoresis. New Zealand white rabbits were im-
munized subcutaneously with 0.3 mg of the prekera-
tin preparation in complete Freund's adjuvant.
Boosters were administered every 2 weeks, and the
animals were bled subsequently. The antiserums col-
lected were tested for specificity by immunodiffusion
against prekeratin, embryonic lung fibroblasts, and
vimentin and were found to precipitate only the
prekeratin preparation. The prekeratin antiserum
reacted positively with the prekeratin filament net-
work in rat kangaroo (PtK2) cells.

For immunoperoxidase staining, modifications of
the method of Sternberger et all8 were employed.
Slides of smears were placed in absolute ethanol for
30 minutes and hydrated in graded ethanol concen-
trations to water. They were then treated with 0.5 1o
hydrogen peroxide and washed in phosphate-
buffered saline (140 mM NaCl, 3 mM KCI, 0.15 mM
KH2PO4, 8 mM Na2 HP04 *7H20, pH 7.4) (PBS).
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Normal swine serum was then applied at a dilution of
1:20 for 10 minutes. After a further wash in PBS,
antiserum to human prekeratin at a 1: 80 dilution
was applied for 30 minutes at room temperature in a
humidified chamber. Swine anti-rabbit immuno-
globulin antiserum at a 1:20 dilution was then ap-
plied for 30 minutes at room temperature. The slides
were then washed in PBS and incubated with a
horseradish peroxidase-rabbit anti-horseradish per-
oxidase reagent (PAP, Dako, Copenhagen) at a 1: 30
dilution for 30 minutes at room temperature. They
were then treated with a solution of fresh 3,3'-
diaminobenzidine tetrahydrochloride (Sigma, St.
Louis) 10 mg/ml and 30%7o hydrogen peroxide in 0.05
M Tris HCI, pH 7.6, for 1-5 minutes at room
temperature, to visualize the brown color indicative
of peroxidase activity. Finally, the smears were
counterstained with hematoxylin, dehydrated in
graded ethanol concentrations, and cleared in xylene;
coverslips were then mounted. As a positive control,
sections of normal skin were stained with the
prekeratin antiserum. As a negative control, preim-
mune rabbit serum was used instead of the prekeratin
antiserum.
For ultrastructural study of effusions, 27 fluids (12

benign and 15 malignant) were centrifuged and the
pellets were fixed in universal fixative (4Wo neutral
buffered formalin and 1% glutaraldehyde), postfixed
in 1 0o osmium tetroxide, dehydrated in graded
ethanols, and embedded in Epon. Tissues from 3
malignant mesotheliomas and 10 adenocarcinomas
were similarly fixed and embedded. Sections 1 , thiick
were stained with toluidine blue. Thin sections were
stained with uranyl acetate and lead citrate and were
examined with a Philips 300 electron microscope.

Results

Immunohistochemical Examination of Touch
Preparations of Normal Epithelial Cells

When normal squamous and columnar epithelial
cells were examined by immunohistochemistry with
the prekeratin antiserum, an arborizing or weblike
pattern of distribution of prekeratin filaments was
seen throughout the cell cytoplasm, with both air-
dried and ethanol-fixed preparations (Figure 1).

Immunohistochemical Examination of Cells
in Effusions

Of the 42 fluids, 27 were benign and contained
mesothelial cells, histiocytes, lymphocytes, neutro-
phils, or a combination of these. Fifteen fluids were
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from patients with malignancies (3 malignant meso-
theliomas, 1 lymphoma, and 11 adenocarcinomas
(ovary, breast, lung, and colon) (Table 1).
When smears prepared from 27 benign fluids were

air-dried, there was positive staining by antibody to
prekeratin around the periphery of the cytoplasm of
over 90% of mesothelial cells, including both mono-

nuclear and multinucleate cells. The perinuclear
regions showed no staining (Figure 2). When smears

from a similar fluids were fixed in ethanol and then
stained with this antibody, a different pattern was

observed. Positive staining for prekeratin filaments
was now perinuclear in over 9007 of both benign and
reactive mesothelial cells, with focal accentuation
of staining adjacent to one side of the nucleus (Figure
3). Only occasional mesothelial cells showed a

peripheral distribution of prekeratin filaments in
ethanol-fixed material or a perinuclear distribution in
air-dried material. In addition, with both prepara-
tions, some cells showed a pattern intermediate be-
tween the peripheral and perinuclear distributions
(Figure 4).

Smears prepared from 15 malignant fluids were

also examined. In the case of the 3 malignant
mesotheliomas, only ethanol-fixed smears were avail-
able. The malignant mesothelial cells showed a

perinuclear pattern with focal accentuation, as seen

with benign mesothelial cells fixed in ethanol. Cyto-
logic features of malignancy were easily seen in the
nuclei of these cells (Figure 5 and 6). The cytoplasm
of lymphoid cells from the single lymphoma (poorly
differentiated lymphocytic) did not react with the an-

tibody to prekeratin. In 10 of the adenocarcinomas,
an arborizing or weblike pattern of filaments, dis-
tributed irregularly throughout the cytoplasm, was

seen following treatment with antibody to prekera-
tin, with the use of both the air-dried and ethanol-
fixed material (Figure 7). There was no perinuclear
accentuation of the staining pattern. In occasional
cell clusters, accentuation suggestive of desmosomes
was seen at cell junctions. In one adenocarcinoma in-
volving an ovary and fallopian tube, a mixed pattern
was present in the malignant cells, which consisted of
perinuclear staining with focal accentuation in some

Table 1 -Pattern and Distribution of Prekeratin
Filaments in Benign and Malignant Cells in Effusions as
Determined by Immunoperoxidase Staining With Anti-
Prekeratin Antibody

Type of fixation

Type of cell Air-drying Ethanol

Benign
Mesothelial

Malignant
Mesothelial

Lymphoid
Adenocarci noma

Peripheral ring: no
perinuclear
condensation

Not done

Negative
Arborizing pattern

throughout the
cytoplasm

Perinuclear with
focal accentuation

Perinuclear with
focal accentuation

Negative
Arborizing pattern

throughout the
cytoplasm

cells and an arborizing pattern throughout the cyto-
plasm in others. Thus, these tumor cells showed fea-
tures of both adenocarcinoma and mesothelioma
cells. Benign mesothelial cells from all fluids from pa-
tients with malignancies showed either the peripheral
ring or perinuclear pattern of distribution of prekera-
tin filaments, depending on whether the fluids were

air-dried or ethanol-fixed.
None of the neutrophils or lymphocytes in the

benign or malignant fluids reacted with the antibody
to prekeratin. Histiocytes showed either no staining
or only pale, diffuse cytoplasmic staining, which was

much weaker than that seen in mesothelial cells.

Electron-Microscopic Examination of
Cells in Effusions

Of the 27 fluids examined ultrastructurally, 12
were benign and 15 malignant (Table 2). In the elec-
tron microscope, benign fluids were seen to contain
mesothelial cells that were round or oval, with short
microvilli projecting from their surfaces. The nuclear
chromatin was uniformly distributed, and an occa-
sional nucleolus was observed. The cytoplasm con-
tained numerous organelles, including mitochondria,
smooth and rough endoplasmic reticulum, and
ribosomes. Intermediate filaments, which were ag-

gregated to form tonofilaments, were also prominent

Figures 1-7-Immunoperoxidase staining of normal epithelial cells, mesothelial cells, and adenocarcinoma cells using antibody to prekera-
tin. All of the slides were counterstained with hematoxylin. Figure 1 -Normal squamous cell, alcohol-fixed, showing brown, weblike pat-
tern of prekeratin filaments distributed irregularly throughout the cytoplasm. (x 2000) Figure 2-Benign mesothelial cells, air-dried, show-
ing a brown ring (arrow) at the periphery of the cytoplasm. The nucleus has a benign appearance. (x 2000) Figure 3-Benign binucleate
mesothelial cell, alcohol-fixed, showing a perinuclear location of prekeratin filaments with focal accentuation (arrow) adjacent to one side of
the nucleus. (x2000) Figure4-Benign mesothelial cells, air-dried, showing the brown ring midway between the cell periphery and
nucleus. (x 2000) Figure 5-Malignant mesothelial cell, showing a perinuclear distribution of prekeratin filaments, with focal accentua-
tion adjacent to the nucleus (arrow). The rest of the cytoplasm is unstained (arrowheads). (x 2000) Figure 6-A multinucleated, malignant
mesothelial cell, showing focal accentuation of prekeratin filaments adjacent to the nucleus. The nuclei are irregular, with prominent nucleoli.
(x2000) Figure 7-Adenocarcinoma cells in a cluster, showing an arborizing or weblike pattern distributed irregularly throughout the
cytoplasm. The nuclei show features of malignancy. (x 2000) (With a photographic reduction of 8%)
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Table 2-Pattern and Distribution of Intermediate
Filaments in Benign and Malignant Cells in Effusions and
Tissue Sections as Determined by Transmission Electron
Microscopy

Ultrastructural pattern of
Type of cell intermediate filaments

Benign
Mesothelial Aggregated intermediate filaments form

concentric perinuclear ring with focal
accentuation; they are not seen at the
cell periphery

Malignant
Mesothelial Same as benign
Lymphoid Occasional, random intermediate fila-

ments, which correspond to vimentin
Adenocarcinoma Intermediate filaments arranged ran-

domly throughout the cytoplasm

in the cytoplasm. They formed a concentric peri-
nuclear ring, with a focal area of accentuation adja-
cent to the nucleus, and were not noted at the
periphery of the cells (Figure 8). In mesothelial cells
in which the plane of section did not traverse the
nucleus, bundles of intermediate filaments, which
had condensed into tonofilaments, were seen in the
center of the cell. Smears prepared from fluids in
which the mesothelial cells formed clusters showed a
similar distribution of intermediate filaments. Tight
junctions and desmosomes were seen.
On the 15 malignant fluids examined by electron

microscopy, 1 was from a malignant mesothelioma, 1
was from a lymphoma, and 13 were from adenocar-
cinomas. The mesothelial cells from the single case of
malignant mesothelioma were mainly in clusters,
consisting of a few cells separated by lacunae and
bordered by bushy, slender microvilli that also pro-
jected from the cell surface. These cells were joined
together by desmosomes. Occasional intracellular
luminae were noted. In addition to various cyto-
plasmic organelles, these mesothelial cells contained
intermediate filaments arranged in aggregates and
forming a concentric perinuclear ring with focal jux-
tanuclear accentuation. Desmosome-associated tono-
filaments were also noted. The pattern of distribution
of intermediate filaments was similar to that seen in
benign mesothelial cells. Cells from the case of malig-
nant lymphoma showed irregular nuclei with promi-
nent nucleoli. Their cytoplasm was scanty and con-
tained only occasional intermediate filaments, which
have been shown in previous immunofluorescence
studies to consist of vimentin.13
The tumor cells constituting the adenocarcinomas

had variable ultrastructures. They were arranged in
clusters, which formed either solid sheets or acini
around a central lumen. Their nuclei were often in-
dented and possessed one or more irregular nucleoli.

Organelles in the cytoplasm included abnormally
shaped mitochondria, dilated smooth and rough en-
doplasmic reticulum, mucous vacuoles, and inter-
mediate filaments. In 12 of the adenocarcinomas, the
intermediate filaments were arranged randomly as
nonaggregated, short filaments spread throughout
the cytoplasm (Figure 9A and B), although occa-
sionally they formed a perinuclear whorl. These fila-
ments did not become aggregated to form tonofila-
ments, as was the case in mesothelial cells.
Most of the adenocarcinoma cells possessed short,

club-shaped microvilli, which projected from the cell
surface (Figure 9A). However, tall, bushy microvilli,
similar to those seen in the malignant mesothelioma
cells, were noted in some adenocarcinomas. In one
fluid, from a case of adenocarcinoma in which a
mixed pattern was demonstrated by immunoperoxi-
dase staining using antibody to prekeratin, the malig-
nant cells also showed a mixed pattern by electron
microscopy (ie, some cells demonstrated a concentric
perinuclear ring with aggregation of intermediate
filaments into tonofilaments, characteristic of
mesothelial cells, whereas others showed a random
distribution of filaments throughout the cytoplasm,
characteristic of adenocarcinoma cells).

Histiocytes contained intermediate filaments in
their cytoplasm that were often arranged into ag-

Figure 8-Electron micrograph of a benign mesothelial cell in an ef-
fusion. Intermediate filaments are aggregated into tonofilaments,
forming an interrupted concentric perinuclear ring (arrows) with a
focal area of accentuation adjacent to the nucleus (arrowheads).
(x 10,000)
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Figure 9A-Cluster of adenocarcinoma cells showing short, club-shaped microvilli (arrows) projecting from the surface. (x 3000) B-Ran-
dom arrangement of intermediate filaments in the cytoplasm of an adenocarcinoma cell. (x 27,000)

gregates or concentric whorls around the nucleus;
but, unlike the filaments seen in mesothelial cells,
they did not form tonofilaments. Previously we
found that these intermediate filaments stained
positively with anti-vimentin antiserum, and thus
they represent vimentin (unpublished observation).
No intermediate filaments were noted in lym-

phocytes in either benign or malignant fluids.

Electron-Microscopic Examination of Tissues

The distribution of intermediate filaments was
studied in tissues from 3 malignant mesotheliomas
and 10 adenocarcinomas (breast, lung, ovary, and
colon). Tumor cells in the malignant mesotheliomas
(Figure lOA and B) and adenocarcinomas showed the
same pattern of intermediate filaments as that seen in
the benign and malignant mesothelial and adenocar-
cinoma cells in fluids, except for one infiltrating duct
carcinoma of the breast, which showed some ag-
gregation of intermediate filaments into randomly ar-
ranged tonofilaments.

Discussion

Clinical (a history of exposure to asbestos and ex-
clusion of an adenocarcinoma elsewhere) and patho-
logic features (gross appearance of tumor as well as
histologic appearance) and histochemical examina-

tion (the presence of hyaluronic acid in the cytoplasm
of tumor cells) are useful in making a diagnosis of
malignant mesothelioma. Wang5 described the ultra-
structural features of the epithelial form of meso-
thelioma in tissue sections and stressed the presence
of tall, slender, and bushy microvilli in tumor cells.
Although the microvilli in most adenocarcinoma cells
are short and club-shaped, they are occasionally long
and bushy, so that this cannot be considered an
absolute diagnostic criterion for mesothelioma.
Legrand and Pariente7 described the ultrastructure of
malignant cells obtained from pleural fluid in a case
of malignant mesothelioma, while Suzuki et al6
described the fine structure of malignant mesothelio-
ma cells in tissue sections and compared them with
the fine structure of tumor cells in peritoneal fluid.
Although Legrand and Pariente7 and Suzuki et a16
commented on the presence of intermediate filaments
and tonofilaments in tumor cells, they did not discuss
the pattern or distribution in cell cytoplasm. How-
ever, Domagala and Woyke8 and Murad'9 did
observe that intermediate filaments were distributed
around the nuclei of mesothelial cells in effusions.

Several studies have been performed in which im-
munologic markers were used to aid in the diagnosis
of malignant mesothelioma and adenocarcinoma.
Secretory component has been demonstrated im-
munohistochemically in both types of tumor and is
not useful in distinguishing them.20 Carcinoembry-
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Figure IOA- Electron microscopy of a malignant mesothelial cell in tissue from a case of malignant mesothelioma. Intermediate filaments ag-
gregated into tonofilaments form an interrupted perinuclear concentric ring (arrows) with a focal area of condensation adjacent to the nucleus
(arrowheads). (x 6000) B-High-power magnification of a malignant mesothelioma cell in tissue from a case of malignant mesothelioma,
demonstrating a perinuclear arrangement of intermediate filaments, which are focally aggregated to form tonofilaments (arrows). (x 27,720)

onic antigenlike material has been demonstrated in
adenocarcinoma of the lung but not in mesothel-
ioma.21 Singh et al122 demonstrated that antimesothel-
ial antibodies differentiated 2 cases of malignant
mesothelioma from adenocarcinoma, using indirect
immunofluorescence staining. However, benign
mesothelial cells also stained positively and had to be
differentiated from malignant mesothelioma cells
with the use of other cytologic criteria. Coleman et
a123 showed a qualitative difference in the expression
of epithelial membrane antigen on mesothelial and
adenocarcinoma cells in effusions. Studies have not
previously been performed on the ability of antibody
to prekeratin to differentiate mesothelial and adeno-
carcinoma cells.

Intermediate filaments of the prekeratin type have
been demonstrated in tissue sections of normal
epithelial cells, both ectodermal and endodermal,
and their malignant counterparts, by immunofluores-
cence and immunoperoxidase techniques. Using im-
munoperoxidase staining on formalin-fixed, paraffin-
embedded tissue, Schlegel at al° demonstrated pre-
keratin filaments in tissue sections containing normal
epidermis; epidermal appendages; cervical, vaginal,
and breast epithelia; pancreatic and salivary gland
ducts; and basal layers of endocervical and prostatic
glands. Staining varied in intensity from weakly to
strongly positive, and no pattern could be seen in the

distribution of the prekeratin filaments. Schlegel et
al1 also described the presence of prekeratin fila-
ments in tissue sections of tumors derived from
epithelium, including basal and squamous cell car-
cinoma of the skin, mesothelioma, transitional cell
carcinoma, squamous cell carcinoma of the cervix,
and adenocarcinoma of the pancreas. They reported
weak staining for prekeratin in adenocarcinoma of
the breast and lung. However, in these studies the
tissues were not incubated with proteolytic enzymes.

Sieinski et al12 studied whether prekeratin filaments
were present in Bouin's-fixed, paraffin-embedded
tissue sections, using an indirect immunofluorescence
technique. They showed weak positive staining of a
variety of adenocarcinomas derived from colon,
lung, and breast and metastatic adenocarcinomas of
unknown origin. No pattern of staining was seen
within the cell cytoplasm.

Gabbiani et al13 also studied a variety of tumors,
including adenocarcinomas, by an indirect immuno-
fluorescence technique, using cryostat-cut, frozen
tissue sections. They demonstrated positive staining
of adenocarcinomas of colon, rectum, and prostate.
However, staining was less intense than with
squamous cell carcinomas. They also obtained strong
staining for prekeratin in ductal and lobular breast
carcinomas, in contrast to the weak staining obtained
by Schlegel et al.11 These differences may well have
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been due to the different methods of fixation and im-
munostaining used in these studies.
Franke et al,14'16 using immunofluorescence mi-

croscopy, reported that prekeratin filaments were dis-
tributed in a complex meshwork in PtK2 rat kan-
garoo cells, mouse kidney epithelium, mouse epider-
mis, cow mammary gland epithelium, and human
HeLa cells cultured in vitro. They also described a
meshwork of prekeratin filaments forming an arbor-
izing arrangement in dissociated epithelial cells from
the bladder, trachea, and intestine of the rat and
COW. 17 No perinuclear or peripheral cytoplasmic
distribution of prekeratin filaments was described.

In the present study, we have characterized the pat-
tern and distribution of prekeratin filaments in touch
preparations of normal epithelial cells and smears
prepared from effusions. We have also studied ultra-
structurally the distribution of intermediate filaments
in cells in effusions and tissue sections.
The perinuclear pattern of distribution of prekera-

tin filaments in benign mesothelial cells fixed in
ethanol and stained using an immunoperoxidase
reaction with antibody to prekeratin was different
from the peripheral ring distribution seen in the same
cells fixed by air-drying. An occasional transitional
pattern from these two extremes was noted with both
types of fixation. We hypothesize that rapid fixation
of the smears in ethanol immobilized cytoplasmic
organelles and intermediate filaments. Consequently,
a perinuclear distribution of prekeratin filaments,
with focal perinuclear accentuation, is seen in both
benign and malignant mesothelial cells. In contrast,
with air-drying, the cytoplasm expands and prekera-
tin filaments move to a peripheral position in the cell.
Hence, the peripheral ring pattern seen in benign
mesothelial cells is likely artifactual. This suggestion
is confirmed by ultrastructural studies of mesothelial
cells, in which intermediate filaments were found to
form a concentric perinuclear ring with a focal area
of accentuation (Figure 8). No peripheral distribu-
tion of prekeratin filaments was observed in the cells
with the use of electron microscopy. The fact that
mesothelial cells showed either a perinuclear or pe-
ripheral distribution of prekeratin filaments was
useful as an aid in differentiating mesothelial from
adenocarcinoma cells. In the latter, immunoperox-
idase staining with antibody to prekeratin showed a
totally different pattern (arborizing throughout the
cytoplasm), similar to that described by Franke et al
in cultured human HeLa and cow mammary cells. 14,16
A weblike pattern was demonstrated in normal epi-

thelial cells, both columnar cells and squames, using
our methods of fixation and immunoperoxidase stain-
ing. Although one may argue that mucin vacuoles

were present in the columnar cells, and that this led
to distortion of the filament pattern, nevertheless, a
similar pattern was seen in the squamous cells, which
did not demonstrate any vacuolar degeneration.
The distorted weblike pattern of filaments was also

seen in mucin producing adenocarcinomas, where
vacuoles were prominent. In other adenocarcinomas,
no vacuolization was seen by light microscopy or ul-
trastructurally. Nevertheless, a weblike pattern was
also seen in these tumors. Thus, it would appear that
all adenocarcinomas showed the same distribution of
prekeratin filaments. Although occasional mesothelial
cells were vacuolated, and this could distort the pat-
tern of filaments in them, nevertheless, the majority
of mesothelial cells did not contain vacuoles. The
fact that the pattern and distribution of prekeratin
filaments in mesothelial cells differed from that in
adenocarcinoma cells may be related to the deriva-
tion of mesothelial cells from mesoderm, whereas
adenocarcinomas are either ectodermal or endoder-
mal in origin.
The distribution of prekeratin filaments in adeno-

carcinoma cells correlated well with their electron-
microscopic appearance. Thin aggregates of interme-
diate filaments were seen by electron microscopy to
be arranged randomly throughout the cytoplasm,
often attached to desmosomes. This corresponded to
the fibrillar meshwork of prekeratin filaments seen by
immunoperoxidase staining in these cells. Even in
adenocarcinomas that showed condensation of inter-
mediate filaments around the nucleus, the filaments
were fine and were not aggregated into tonofilaments.
These intermediate filaments were similar to those
seen in the perinuclear region of histiocytes, except
that the filaments in histiocytes were more continu-
ous and did not show the interrupted pattern charac-
teristic of adenocarcinoma cells. Moreover, histio-
cytes either stained negatively with antibody to pre-
keratin or were only weakly positive. Intermediate
filaments in histiocytes were found to be of the vi-
mentin type (unpublished observation). Weak posi-
tive staining of histiocytes could be due to ingestion
of prekeratin filaments from degenerating epithelial
cells.

Ghadially9 has suggested that the accumulation of
intermediate filaments in the cytoplasm of tumor
cells is a sign of degeneration or impending necrosis.
However, this does not explain the difference in loca-
tion or pattern of intermediate filaments noted in
mesothelial and adenocarcinoma cells, unless it is as-
sumed that one degenerates more easily than the
other. Moreover, similar patterns of intermediate
filaments were noted in tissues and effusions, further
emphasizing that the results obtained with the latter
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were not artifactual. The juxtanuclear filamentous
aggregates in a papillary adenocarcinoma of the
endometrium noted by Hameed and Morgan24 do not
appear to be similar to the pattern seen in mesothelial
cells in the present study.

Benign and malignant mesothelial cells could not
be distinguished from each other by ethanol fixation
of immunostained smears. However, in both benign
and malignant mesothelial cells, the pattern and dis-
tribution of prekeratin filaments (as assessed immu-
nohistochemically) and intermediate filaments (as
assessed ultrastructurally) were entirely different
from those in adenocarcinoma cells. Thus, the pat-
tern and distribution of prekeratin and intermediate
filaments appear to be useful diagnostic criteria for
differentiating reactive mesothelial cells and meso-
thelial tumors from adenocarcinomas.
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