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Papillary carcinoma is the most common malignant
neoplasm of the thyroid gland [17]. lts classical histo-
lagical features are fine papillag with central fibrovas-
cular stalks covered by overlapping columnar tumor
cells with ground-glass nuclei, with or without
psammoma bodies [2-4]. The nuclei are round or
slightly owval, Close inspection of thin sections and
particularly electron microscopy reveal nuclear mem-
brane irregularities in the form of folds or indenta-
tions, which may produce pseudoinclusions or
grooves [5-7]. The former arise from deep cytoplas-
mic invaginations and result in acidephillic inclusion-
like structures that compress and marginate the
chromatin, The nuclear grooves are more commaon in
oval-shaped nuclei. They are deep and slender invag-
inations, usually parallel ta the leng axis of the nucle
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One of the most constant and typical histological markers of
thyraid papillary carcinoma is the presence of multilobated and
ground-glass nuclel, With the intention of extending and
charactenzing the ultrastructural comprahension of this feature,
thyraid papillary carcinoma cells and normal follicular cells were
studied using chromatin and ribanuclecprotein preferential
staining technigues, a5 well as immunoclabeling with antibodies
against DNA, lamins, vimentin, and desmin. Carcinoma cells
showed scant compact chrematin arranged in small masses, A
special type of nuclear bodies with DMA immunoreactive fitils
was found in these colls, Some nucleoli were surroundaed by a
doubile firllar layer limiting a perinucleolar space oooupied by
RMP fibrogranular structures that differed from those of normal
ruclel. Perichramatin granules were scarce compared to normal
follicular cells. Immunoetectran microscapic studies of lamins
showed diminished immunoreactivity in the nuclei of carcinoma
cells. & perinuclear distribution of desmin and vimentin filament
was Found in turnor cells, The gytoplasm of normal follicular cells
showed scarce immunareactivity to vimentin and no
immunalabeling for desmin, Both types of filaments attach to the
nuclear pore camplex and to other regions of the nuclear envelope.
Contacts between labeled filaments and desmosomes or
hemidesmosomes were frequent. The results show that in papillary
thyroid carcinoma cells, changes in the distributian of chromatin
and ribanucleoproteing, either alone or in conjunction with scarce
lamin immunolabeling and pennuclear vimentin and desmin
filamentous rings, may be respansible for the characteristic ground
glags and multilobated nucle.

Keywornds  intermadiate filaments, lamin, noclear bodies, GNP

[7]. Another characteristic feature of the nuclei is an
emply appearance. These nuclei seem almost totally
devoid of chromatin strands, though ultrastructural
examination reveals finely dispersed chromatin [31.
These nuclei are larger than normal follicular epithe-
lial cells and have been described as pale, clear,
ground glass, or waltery. The optically clear nucleus
has been recognized as an important histological
feature of papillary carcinoma of the thyroid, and is
now considered a diagnostic marker as important as
the papillae [ 7, 8.

The nuclear envelope invaginations of papillary
carcinoma cells may result from a defect of nuclear
skeletal or cytoskeleton proteins. In fact, the inner
face of the nuclear envelope is normally associated
with a mesh of a special class of intermediate fila-
ments {IF} called lamins [24]. The lamins constitute
the nuclear lamina, which is an important support of
the nuclear membrane. In this function cytoplasmic
IF like vimentin, among others, can be also impor-
tant. Indeed, cytoskeleton proteins like vimentin nor
mally form a delicate network of thread-like filaments
surrounding the nucleus and extending through the

Ultrastructural Pathology, 22:186-197, 1998 185
Copyright i 1938 Taylor & Francis
191-31 2398 $12.00 + 00



186 0, M. Echeverria et




Thyroid Papillary Carcinoma Cells

cytoplasm, whare in some places they are collinear
with cytoplasmic microtubule [25]. This suggests
that many cytoplasmic |Fs may be linked to the
nuclear envelope and that they are normally pulled
autward toward the cell periphery by attachment to
microtubule or cell membranes.

The nonnuclealar ribonucleoproteic (RMNP) com
ponent of the mammalian interphase nucleus, peri-
chromatin fibrils, perichromatin granules, and inter-
chromatin fibrils and granules, were characterzed by
Monneron  and  Bernhard [9]. Since  these
pioneer findings, numerous investigations have been
carried out trying to relate these particles to the
known functions of the nucleus [9—11]. Now it is
known that the perichromatin fibrils contain pre-
mRMNA undergoing splicing [12-15]. Perichromatin
granules (PCG) are involved in storage of processed
mRMA [16, 17]. Interchromatin granules are mainly
composed of low molecular weight RNAs rich in
uridineg (snURNA} and their associated proteins.
They are related to the pre-mRNA splicing [14]. The
frequency and distribution of these BMNP structures
exhibit important variations during embryonic devel-
oprment [271, 227, changes in harmaone concentration
[18-20], and neoplastic transformation (23],

The cell nucleus of papillary thyroid carcinoma has
a very peculiar morphology, which may be due to
abnormalities in the chromatin, RMNPs, nuclear
lamina, and/or cyloplasmic IF. To investigate which
structures could account for the presence of multi-
lobated and ground-glass nuclal in the neoplastic
cells, we studied the interphase nucleus and cyto-
plasm of normal follicular cells and papillary thyreid
carcinoma cells with electron micrascopy, using pref-
erential contrast technigues for chromatin and RNPs,
as well as immunoelectron microscopy to locate
DMA and intermediate filaments of the nuclear
lamina (lamins} and cytoskeleton (wimentin and
desmin).

MATERIALS AND METHODS

Five papillary thyroid carcinomas were removed
surgically, fixed in 10% formaldehyde, and embed-
ded in paraffin wax for light microscopy examination.
Sections were stained with hematoxylin/eosin, Small
fragments were fixed in 2.5% glutaraldebyde in 016
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M phosphate buffer at pH 7.2 for 2 h at room tem-
perature, Then, the samples from each case were
divided into two groups: Half were dehydrated in
alcohol and embedded in Epon for conventional
transmission electron microscopy study, The other
half were dehydrated and embedded in LR white.
Sections were stained with the uranyl acetate—-EDT A~
lead citrate  technigue preferential  for RNP-
containing structures, and with the phosphotungstic
acid method (PTA} preferential for chraomatin,
according to the procedures previously published
[26, 277. For immunoelectron microscopy, tumor and
normal tissue fragments were immediately fixed in
4%, paraformaldehyde dissolved in Sorensen buffer,
pH 7.4, for 2 h at 4°C. After rinsing, free aldehyde
groups were blocked in 0.5 M ammaonium chloride in
PES for 1 h. Tissue fragments were dehydrated in
graded ethyl alcohol and embedded in L-R white.

Sections 70 to 90 nm thick were placed on nickel
grids. One of the following mouse monoclanal anti-
bodies was used as first antibody in indirect immu-
nalocalizations:  anti-DNA  (IgM)  (Progen), anti-
human vimentin (lgG) {Dako), antihuman desmin
(lgG) (Dako), or L3f4 anti-rat  lamins g
[28]. The grids were incubated overnight at 4 C with
a 1:20 solution of the antibody in PBS with 1% of
bovine serum albumin (BSA) and 0.5% of Tween:
20, After being rinsed with PBS, the grids were incu-
bated for 1 h at room temperature with rabbit
anti-mouse lgG conjugated ta 10- to 15-nm gold
particles diluted 1/50 in PBS. Finally, the grids were
contrasted with uranyl salts and lead citrate and
examined in the electron microscope. To get a better
resolution of nuclear lamins, some grids  were
digested with BMAse and DMAse before the incu-
bation with its specific monoclonal antibody,

RESULTS

Nuclear Ultrastructure of the
Normal Follicular Cell and the
Papillary Carcinoma Cell

The nucleus of the normal follicular cell is round to
oval, usually with one small eccentric nuclealus and
chromatin clumped in masses (Figure 1), In contrast,

FIG. 1 Normal thyroid follicutar cell nucleus stained with urany! acetate and lead eitrate. It is oval in shape
with no indentations. Compact chromatin (¢) appears as a discontinuous layer in contact with nuclear
envelope and scattered clumps in nucleoplasm. The nucleolus (n) presents a nucleolonemal structure.

Bar =1 pm, =717.600.

FIG. 2 Nucleus of a papillary carcinoma cell stained as in Frgure 1. lts normal shape is altered by a profound
indentation. The nucleclus (n) is small. The peripheral layer of compact chromatin (c} /s thin but
nucleopfasmic clumps are abundant. Bar =1 pm, =771.000.

FIG:. 3 Nucleus of a papilfary carcinoma cell stained as in Figure 1. Indentations are numerous and so
profound that the nucleus appears lobated. The peripheral layer of compact chromatin is very thin and
the nucleoplasmic clumps are smalfl and less frequent than in the nucieus in Figure 2.0, small nucleoli;

nh, nuctear body. Bar =1 um, =22.500.

FIG, 4 Nucleus of a papillary carcinoma cell stained as in Figure 1. A large invagination of cytoplasm (Cy) is
saan inside the nucleus {pseudoinclusion). Bar =1 por, =77 300
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the papillary carcinoma cell nuclei are polymorphic.
Some show deep and narraw indentations (Figure 2)
of exhibit multiple invaginations of the nuclear
envelope (Figure 3) with cytoplasmic pseudoincliu-
sions that contain segregated cytoplasmic organelles
(Figure 4). Nucleali are numerous, present a dense
nucleolonemal network, and are frequently apposed
to the nuclear envelope [(Figures 2, 37, Much of the
nucleolar polymorphism is due to important differ-
ences in the development of the granular compaonent.

Ultrastructural Cytochemistry
and Immunocytochemistry of
Chromatin- and RNP-Containing
Structures

In normal follicular cells the PTA prefarential stain-
ing procedure demonstrates that compact chromatin
usually forms a thick discontinuous layer in contact
with nuclear envelope and occurs as granules in the
nucleoplasm (Figure 5). The pattern of distribution
and the abundance of compact chromatin present
ample variations that probably correspond to the dif-
ferent cytophysiological states of the follicular cells,
Less frequently the nucleus of normal follicular cells
contains abundant extended chromatin and numaer-
cus small clumps of compact chromatin in contact
with the nuclear envelope and scattered in the
nucleoplasm, as shown in Figure 8 by DMNA immu-
nalocalization.

Compact chromatin is frequently scant in the paly-
morphic nuclei of the cells of papillary carcinoma
(Figures 7, B). It is distributed in a thin peripheral
layer, usually about 0.1 pm thick and in fine nucleo-
plasmic granules 0.1 to 0.2 pm in diameter {Figure
71 orin a diffuse arrangement of small masses sur-
rounded by semicompact chromatin and o large
network of extended chromatin {Figure 8).

Perichromatin granules are frequent in normal calls
with abundant compact chromatin, as can be seen in
sections stained using the EDTA procedure prefer-
ential for RMNP-containing structures (Figure 9}
Cancer cells with deformed nuclel usually contain
few perichromatin granules and scarce compact
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chromatin, Howewver, important changes in the fre-
guency of these granules can be see, probably related
to the ample variation of cytophysiological states and
degrees of differentiation present in the population of
cancer cells (Figures 10, 117,

A thin layer of filaments surrounding the nucleolus
das a hollow sphere is Trequently seen in nuclel of
papillary carcinoma cells, One or two layvers of fila-
ments are extended in circles. The halo of 150-350
nm between the nucleclus and the spherical sheet of
filaments is cccupied by irregular radial fibrogranular
structures that contact the fibrous layer and/or the
nucleolus. Both fibrillar and granular components of
the nucleolus may show direct continuities with
these radial EDTA positive fibrogranular structures.
This layer and the intervening region constitute an
exclusion zane of masses of compact chromatin and
standard RNP-containing particles as perichromatin
granules and interchromatin granules and fibers
{Figure 12},

Muclear bodies of types 1, 2, and 3 [29] are fre-
quent in nuclei of papillary carcinoma cells (Figures
4, 8, 10). The filaments contained in the nuclear
bodies of type 1 or 2 are not stained with EDTA. In
contrast, the small granules of_the nuclear bodies
type 2 are darkly stained with this method for RNPs
{Figure 10). Large spherical nuclear bodies of pecu-
liar structure and composition are present in nueclel of
thyroid cancer cells, They are composed of three
layers: (1) an external layer formed by fine fibrils
faintly stained by uranyl acetate and lead citrate and
loosely  distributed; (2) an intermediate layer of
densely arranged darkly stained fibrls; and {3) an
internal layer of well-stained thick fibrils, loosely
arranged. The dark-stained fibrils of the intermediate
layer show an intense immunoreactivity to anti-DNA
monoclonal antibody (Figure 13).

Immunoelectron Microscopy of
Nuclear and Cytoplasmic
Intermediate Filaments
Mormal follicular cells showed scarce immuna-
labeling for vimaentin and no immunoreactivity to

FIG. 5 Normal follicolar cefl nuclfeus stained with phosphotungstic acid, Compact chromatin is arranged in a
discontinuous peripheral fayer and large clumps in the nucleoplasm. The unstained nucleolus (n) /s
partially swroundead by clumps of compact chromatin, The arrow points to Intranucfeclar compact
chromatin. Semicompact (s) and extended (e) chromatin are also seen. Bar =1 pm, =18,000,

FIG. 6 Nucleus of a normal follicular cell faintly stained with wranyl acetate and lead citrate to highlight the
gold grains of the anti-ONA fabeling. Compact chromatin (c) is distributed in peripheral and
nucleoplasmic small clumps, A large amount of extended chromatin {e) is localized by this procedire,

Bar =1 pm, =20,000,

FIG. 7 Nucleus of a carcinoma cefl stalned with urany! acetate and lead citrate. Compact chromatin (¢} is
fabeled by anti-DNA Mab, Moderate armounts of extended chromatin (e) are decorated with gold

grains. Cy, cvtoplasmic pseudoinclusion. Bar

1 um, %26.000.

FIti. 5 MNucleus of a carcinoma cell stained with urany! acetate and lead citrate. A thin perinheral layer of
compact chromatin and small nucleopiasmic clumps are labeled by anti-ONA Mab. Sparse filaments of
extended chromatin (e} are also labefed, The nuclear body (nh) Is devard of gold grains, Bar =1 pm,

% 24,000,
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desmin, In contrast, tumor cells with indented nucle
have large bundles of filaments extending around the
nucleus roughly parallel to the nuclear envelope
(Figures 14-16) or stretching toward the cell mem-
brane (Figures 17, 18). These filaments are contin-
uous with a petipheral network of filaments heawvily
labeled by anti-vimentin or anti-desmin antibodies,
Insertions of filaments in the cell membrane are fre-
quently seen. Some of them attach to dense plagues
corresponding  te desmosomes  (Figure 18] and
hemidesmosomes (Figure 20), but more frequently
the attachments are mediated by thin, scattered,
dense regions (Figures 19, 20}, Some filaments insert
in the nuclear envelope by means of filaments associ
ated with the pore complex (Figure 15) or in other
regions of the envelope {(Figures 16, 18), All these
filaments are intensely immunolabeled by the meno
clonal antibody against vimentin (Figures 14-18, 18,
200 and desmin {Figures 17, 19),

The nuclei of normal follicular celis usually show
abundant lamin immunolabeling. Interestingly, numer-
ous gold grains are present in the nucleoplasm and
around compact chromatin, in addition to those
labeling the lamina {Figure 21). In contrast, lobated
and owoid nuclei of papillary carcinoma cells showed
mild lamin immunolabeling {Figure 22).

DISCUSSION

Orur ultrastructural findings confirm and extend the
classical descriptions of papillary thyroid carcinoma
at the ulrastructural level [5, 67, With regard to the
nuclear structure, many tumeor cells showed slender
and deep indentations or multilobation with oyto-
plasmic pseudoinclusions. Morphological and cyto-
chemical staining procedures, as well as DMNA
immunolocalization, showed that most ol cancer
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cells present much less compact chromatin than
normal  cells, Some cancer cells contain small
amounts of compact chromatin distributed in clumps
of size inadequate for visualization under a light
microscope. These cells probably correspand to the
ground-glass nuclei described in light microscopic
studies as characteristic of papillary carcinoma, These
kinds of cells show a large network of fine fibyils of
extended chromatin, suggesting that they are in a
less differentiated state and that their transcription is
intense.

Perichramatin granules were found to be more
ahundant in the nucleus of normal follicular cells
than in most carcinoma cells. Previous studies
demaonstrated that the frequency of these granules is
lew in undifferentiated cells and increases during the
functional maturation that takes place in normal
embryanic development [30-32] Thus, the relative
scarcity of perichromatin granules in cancer cells
compared to normal cells, may be due to their lesser
degree of differentiation.

The fibrillar structure surrounding the nucleolus as
a halo was previously seen in papillary carcinoma
cells using standard electron microscopic procedures
[33]. In the present study, we demonstrate the pres-
ence of EDTA-positive fibro-granular structures in
the perinucleolar space and the exclusion of other
normal nuclear components, These results suggest
that the nucleolar halo corresponds to altered expor-
tation of nucleslar components,

MNuclear bodies are T to 1.5-pm-diameter intranu-
clear spherical structures found in various normal and
pathological cells. They have been grouped in five
different types according to their size and the dis-
tribution af their fibrillar and granular components
[29]. Muclear bodies have been found to be particu-
larly frequent in several hurnan diseases, including

FIG. 8 Normal thyroid follicular cell nucleus stained by the EDTA procedure preferential for RNP. A thick layer
of compact chiromatin {c) (s elear gray. RNP-containing fibrils and granules located in the
interchromatin space are darkly stained. The arrows point to perichromatin granules, Bar =1 pm,

=16 000,

FIG. 10 Papiliary carcinoma cell nucleus stained using the EDTA procedure, The nucleolus (n) manifests a
large fibrillar center (arrow). ANP-containing fibrils and large clusters of interchromatin granules (i)
can be sean in the nucleoplasm. Compact chromatin {c) forms a thin peripheral laver and a few small
clumps. The nuclear body (nb) is formed by bleached thin filwils and dark -stained small granules. The
arrowheads point to perichramatin granules. Bar =1 pm, =718,000.

FIG. 11 Vary iregularly shaped nucleus of a papillary carcinoma cell. The nucleolus (n) is small and compact.
The nucleoplasm contains less ANP-containing structures than the nucleus in the preceding figure.
Ferichromatin fibrils (f) can be seen in the border of some clumps of compact chromatin. The arrows
point to perichromatin granules. Cy, a region of cytoplasm completely surrounded by the nuclous.

Bar =1 pm, 20000,

FIG. 12 MNucleus of a papillary carcinoma cell stained with EDTA procedure, Fibriflar (£} and granular ()
comgponents can be seen in the nucfeolus, which presents a nucleolonemal structure. A doubile Fbaliar
layer (11} surrounds the nucleolus, In the intervening zone EDTA -positive fibro-granular structures
roughly radially orfented can be sean. Standard nuclear structures as compact chromatin and
perichramatin and interchromatin granules are absent from this region. Bar =1 pm, #32.000.

FIG. 13 Nucleus of a papiliary carcinoma cell stained with uranyl acetate and lead citrate. Immunolabeling with
anti-ONA, A large spherical nuclear bady formed by an external layver of faintly stained fine fibrils
irregularly arfented, an intermediate layver of DNA -cantaining dark fibrillar structures, and an internal
fayer of fibers without DNA. Bar =1 pm, =33 500.
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several carcinomas, leukemia, and viral diseases [ 297
Recent biochemical and morphological studies reveal
that nuclear bodies are involved in acute promyel-
acytic leukemia. The retinoic acid administration,
which causes hlast differentiation, results in the reag-
gregation of several antigens into the nuclear bodies
[34]. In the present study nuclear bodies were found
in small numbers in normal follicular cells. The fre-
quency of nuclear bodies of the types 1, 2, and 3 is
very high in carcinoma cells. Nuclear bodies of types
2 and 3 contain granules darkly stained by EDTA,
similat to those in cervical carcinoma [35].

Lamins were initially identified by electron micros:
copy (see review in [247), and then characterized as
members of the IF superfamily by sequente analysis
[367. Lamins form a fibrous meshwork, called nuclear
lamina, which is closely apposed to the nucleo-
plasmic surface of the inner nuclear membrane [24,
371, It is thought to perform a skeletal function
important for nuclear envelope integrity [38] and
interphase chromatin organization [39], which could
be also impottant for DNA replication and differential
gene expression [40, 417, There are three major
lamins in mammals, designated as lamins A, B, and
C. Lamin B is implicated in anchering the lamina to
the nuclear membrane, while lamins A and C interact
with chromatin and are crass-linked in a highly dis-
continuous, apparently fibrillar, network that leaves
large voids in the nuclear periphery [24, 37, 421 In
normal embryonic development, lamin expression s
aften coincident with tissue differentiation [43, 44].
The same situation has been observed in pathalogic
conditions like cancer. In fact, in several human and
murine cancer cells lines there is no expression of
laming A and C [44, 45]. Interestingly, their expres-
sion can be induced by cellular differentiation [44].

The anti-lamin monoclonal antibody used in the
present study (L3f4] recognizes an evolutionary con-
served epitope prasent on A-type as well as on
B-type lamins B1 and B2 of vertebrates [28]. The
reactivity of the antibody has hean reported to be
restricted  to the nuclear periphery by immuno
cytochemistry at  light microscopic level and by
preembedding immunoelectronmicroscopy |ocaliza-
tion [28]. The posternbedding procedure employed
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14 Carcinomatous cell stained with urany! aceta

hundie of labeled filaments (f) is roughly para

FIG. 15 Carcinomatous cell stained and labeled as in
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in this study shows abundant labeling in the internal
nuclear structures of normal thyroid follicular cells,
and to a lesser extent in carcinoma cells. Although
our results of the immunelocalization of lamins were
not quantitatively analyzed, they show clear differ-
ences in the amount of labeling between narmal fol-
licular cells and papillary carcinoma cell nuclei.
Normal follicular cells present higher lamin immuno-
labeling than papillary carcinoma cell nuclei. These
results suggest that the multilobated or grooved
carcinoma cell nuclei may be partially the result of a
defect in the expression of nuclear lamins associated
with the abnormal neoplastic cell differentiation
paltern,

The cytaplasm of normal follicular cells showed
scarce immunolabeling for vimentin, and none for
desmin. |n contrast, many papillary carcinoma cells
showed cytoplasmic perinuclear bundies of filaments
immunoreactive to vimentin or desmin. Thus, this IF
nng arcund the nucleus seems 10 be tumor cell-
specific, and may also participate in the formation of
nuclear envelope invaginations. Both cytoplasmic |Fs
detected in the present study are prganized as a
dense and extended system that stretches from the
nuclear envelope ta the plasma membrane. Because
the antibodies do not penetrate the thickness of the
section and react anly with epitopes pxposed an its
surface, all the filaments contained in the section
cannot be labeled. Thus, the intermingling of vimen-
tin and desmin filaments in the same hundles cannol
he excluded and is probably frequent. The general
distribution of vimentin filaments is similar 1o their
arrangement in normal cells, excepl for their extreme
ahundance [24, 25]. However, desmin filaments aré
not faund in normal thyroid follicular cells by means
of the immunocytochemical reaction carried out in
the same conditions used for papillary carcinoma
cells. Desmin filaments are characteristic of muscle
rells and their abundance in papillary carcinoma cells
suggests that these neoplastic cells express genes
that are normally transcribed in ather normal differen-
tiated cells,

Cytoplasmic |F-nuclear membrane interactions
have been demonstrated in the case of vimentin,
desmin, and peripherin, and they seem 10 be medi-

te and lead citrate, labeled by anti-vimentin Mab. A
Hal to the nuclear envelope. Bar =1 pm, *31,000.
Figure 14, Labeled filaments () form a loose network.

Many of these filaments are parallel (o the nuclear envelope. The arrow points to insertions of vimentin
filaments to fibrils of the nuclear pore complex, Attachments 1o other regions of the nuclear envelope
can also be seen (arowheads). Bar = 0.5 pm, =48 500,

FIG. 18

Carcinomatous cell stained and labeled as in Figure 14. A bundle of vimantin fi

larments (1} surrounds a

portion of the nucleus. The arrowheads point (o insertions of vimentin filaments to the nuclear
mambrane in sites not related to pore complexes. The arrow indicates fibrils of a pore complex, which

shows associations with intermediate filaments. Bar
Papiltary carcinoma call labelad by anti-desnin.
the direction of the nucleus—cell membrane (m. Insertions of intermedi

FIG. 17

0.5 pm, =77.500.
A large bundie of labeled filaments (1) fs arfented in

ate filaments in small, paired

dark -stained regions of the cell membrane, similar to desmosomes, can be seen (arrows). Bar=048

w, ¥ A0,000.
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FIG. 18

FIG, 14

FIG. 20
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S AT R ik
Nucleus of a papiltary carcinoma cell stained with wrany! acetate and jead citrate, labeled by ]
anti-vimentin. Labeled fibrifs are arranged in a network with a predominant orientation in the cdirection
of the nuclear envelope cell membrane larrows). Arrowheads point to insertions of vimentin filaments
i1 the nuclear envelope not related to nuclear pore complexes. Bar = 0.5 um, »47 500, _ '
Cytoplasm of three papillary carcinoma celfs stained with uran vl acetate and lead citrate. A network of
anti-desmin labeled fibrils can be seen in each cell. Some fibrils of the network attach 1o 2 desmosome
(d}. Maore fraquently the filaments connect to the cell membrane through thin, dense-stained regians
not farming typical desmeosomes (arrows), Bar =1 pm, =30.000. N

A digitiform protrusion of the eytoplasm of a carcinoma cell stained with urany! acetate and lead
citrate, immunolabeled with an ti-vimentin, The network of fifaments is intensively Jabeled. Tweo
different types of attachments of filaments to the cell membrane can be seen: (a) Fibrils connect 1o
thick, dense-stained regions constituting hemidesmosomes (h), as the cell is not in contact with other
calls, bt is surrounded by an extracellular matriv. {b) Fibrils connect to the membrane through very

thin, dense-stained regions scattered on the cell membrane (arrows). Arrowhead. coated pit, Bar =1
um, =30,000, '
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FIG. 21 Normal follicuiar cell faintly stained with urany! acetate and lead citrate to highlight the anti-lamin
labeling. Gold grains are mainly located along the internal side of the nuclear envelope {arrows),
interchromatin space (arrowheads), and in the periphery of compact chromatin masses (crossed
arrow), Bar = 0.5 pym, =50,000.

FIG, 22 Nucleus of a carcinoma cell stained and labeled a5 fn the preceding figure. Labeling is less intense
than in the normal cell nucleus. A tvpe T nuclear body (nb) shows labeled fibrils. Arrows indicate
anti-lamin fabefing in contact with the nuclear envelope. The cross arrow points to gold grainsin the
periphery of compact chromatin clumps, and the arrowhead shows fabeling in the interchromatin
space, Bar =0.5 pm, =37.000.
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ated by B lamins [467]. Thus. apart for contributing to
the localization of cellular organelles and the nucleus,
cytoplasmic |Fs also participate in support of the
nuclear envelope [24, 257, Recently, the presence of
IF rings surrounding the nucleus have been dernon-
strated in a human pancreatic cancer cell ling, uteri
cervical carcinoma, melanoma, and lymphoblastic
leukemia [47, 487 In all these cancers, neoplastic
cells showed nuclear lobulation, in a similar fashion
to that in papillary thyreid carcinoma. Thus, it is pos-
sible that in all these situations, the nuclear envelope
invaginations could be the result of external pressure
produced by the thick filamentous ring, alone or in
association with a defect in the nuclear lamina.

In conclusion, our results show that in papillary
thyroid carcinoma cells, there are changes in the dis-
ribution of ribonucleoproteing and chromatin, in
coexistence with scarce lamin immunolabeling and
perinuclear vimentin and desmin filamentous rings,
which alone or in conjunction may produce the char-
actaristic multilobated and ground-glass nuclei.
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