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Abstract We examined samples of human pheochromocyto-
ma from 11 patients aged 30-70 years including one case of
malignant pheochromocytoma with a view to identifying pre-
viously unreported ultrastructural details.

We identified two types of nuclear inclusions
consisting of irregularly shaped singular or multiple
granulofibrillar formations with a typical concentric ha-
lo, on the one hand, and accumulations of egg-shaped
structures consisting of granules and microfilaments, on
the other. In some of the tumor cells, membrane-covered
inclusions containing parallel laminar elements arranged
in a paracrystalline, periodic fashion, or mega-
mitrochondriae characterized by increased electrodensity
of their matrix, and fibrillary material in the spaces be-
tween the cristae were present. A frequent finding
consisted of typical ciliary formations, while rough/
smooth tubular aggregates of different size occurred less
frequently. Finally, we were able to demonstrate the
uptake of norepinephrine by smooth muscle fibers in
the periphery of arterial vessels as evidenced by linear
accumulations of membrane-covered granules separating
bands of contractile smooth muscle components in the
peripheral layers of arterial vessels close to norepineph-
rine producing neoplastic cells.
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These findings represent ultrastructural features that con-
tribute to further elucidating the ultrastructural characteristics
of the human pheochromocytoma.
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Introduction

Reports on the ultrastructural diagnostics of pheochromocyto-
mas mostly analyze the morphology of the neuroendocrine
granules within the cytoplasm [1-6]. As additional points,
commonly found phenomena such as nuclear pseudoinclusions
[7], mitochondrial abnormalities [8], striated rough tubular ag-
gregates [9], intracytoplasmic desmosomes [10], lipid degener-
ation [11], eosinophilic globules [12], and cytoplasmic mela-
nosomes [13] have been reported.

The purpose of this study consists in relating previously un-
reported ultrastructural details which further contribute to the
ultrastructural description of the adrenal pheochromocytoma.

Materials and methods

Samples of human pheochromocytoma were obtained from 11
patients ranging in age from 30 to 72 years including one case
that was classified as a malignant pheochromocytoma. Small
fresh pieces were fixed and postfixed in 2.5% glutaraldehyde
and osmium tetroxide in sodium cacodylate buffer, respective-
ly, and embedded in Spurr’s epoxy resin; ultrathin sections
were stained with uranyl acetate-lead citrate. Of each tissue

@ Springer


http://orcid.org/0000-0001-5689-1103
http://crossmark.crossref.org/dialog/?doi=10.1007/s00428-017-2129-8&domain=pdf

538

Virchows Arch (2017) 471:537-543

Fig. 1 a Central main inclusion
with irregular contour and bright
halo, surrounded by several other
inclusions of smaller diameter. b
Granulofibrillar structure of the
inclusion viewed at greater
magnification. ¢ Ovoid inclusion
located next to a cytoplasmic
pseudoinclusion. d Closely
spaced granulofilamentous
elements. e Two inclusions with
loosely arranged
granulofilamentous elements in a
nucleus with peripheral
condensed chromatin. f
Pseudoviral aspect seen at greater
magnification. (a x20000, b
x80000, ¢ 10000, d x80000, e
x10000, f, g x80000)

block, at least five serial sections cut with an interval of 15 um
were examined.

Results

We observed singular or multiple granulofibrillar forma-
tions with irregular contours (Fig. la) that are
surrounded by a concentric bright halo separating the
inclusions from the nuclear chromatin. The diameter of
these nuclear bodies, which are finely granulated
(Fig. 1b) and contain microfibrils at their edges, varies
between 0.2 and 2 um. In each ultrafine section, several
singular inclusions were present, while multiple inclu-
sions were found less frequently. The multiple
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inclusions are characterized by the presence of an ele-
ment with a larger diameter in the center that is
surrounded by usually five or six smaller inclusions of
an identical structure.

Additionally, we identified a second type of nuclear body
consisting of structures with an irregular egg-shaped contour
(Fig. 1c) and a longer diameter of approximately 1.5 pum.
Viewed at appropriate magnification, these structures were
found to consist of granules and microfilaments each measur-
ing between 22 and 25 nm (Fig. 1d) in diameter. Located very
close to each other, these elements form larger accumulations.
These formations were identified in several nuclei within each
of the ultrafine sections of pheochromocytoma. In the nuclei
of apoptotic cells (Fig. 1e), granular accumulations were oc-
casionally seen with their constituent elements dispersed and
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Fig. 2 a Singular lamellar
complex with individual
ribosomes adhering to the
external membrane, located
between dilated cisternae of the
rough endoplasmic reticulum. b
Complex consisting of five
individual units. ¢ Singular
inclusion associated with lipid
droplets. d Complex associated
with a lysosomal formation
containing lipids and lipofuscin
pigments. e Paracrystalline aspect
of the inclusion visible in some
areas of the image, with periodic
structure. f Paracrystalline
alignment in two directions with
individual elements forming an
angle between them (arrow) g
Peripheral paracrystalline aspect
(arrow). (a x60000, b x60000, ¢
x30000, d x50000, e x250000, f,
g x300000)

with a pseudoviral appearance but still of the aforementioned
characteristic diameter (Fig. le, f).

In some of the tumor cells, we found large structures delimited
by membranes which contain fine and regularly aligned parallel
laminar elements arranged in a paracrystalline, periodic configu-
ration. The periodic interval is variable and ranges from 8 nm
(Fig. 2d) to 20 nm (Fig. 2f) depending on the respective structure
studied. The maximum length of these formations is 5 um, and
their thickness varies between 0.2 and 0.4 um. Some segments of
the membrane containing the periodic content are studded with
ribosomes (Fig. 2a) while other segments appear bare. These
elements occur individually (Fig. 2a) or in groups of units ar-
ranged in different spatial orientation (Fig. 2b). Some of them are
associated with several lipid vacuoles (Fig. 2¢), and others with
secondary lysosomes containing lipids, neuroendocrine granules,
and fine granular material (Fig. 2d). The paracrystalline inclu-
sions may be aligned longitudinally (Fig. 2e) or at an angle
(Fig. 2f) to one another.

In a small number of cells that varies from case to case,
there is a relevant increase in the number of mitochondria per

cell. If this is the case (Fig. 3a), the quantity of neuroendocrine
granules decreases in proportion, and the cytoplasm may gain
a truly oncocytic appearance. Frequently, this alteration coin-
cides with the presence of significantly enlarged mitochondria
exceeding 3 um in length but without changes of their cristae
or matrix (Fig. 3g). Mega-mitrochondriae of considerable vol-
ume, in particular, may be present, with increased diameter
and electrodensity of their matrix and fibrillary material in the
spaces between the cristae (Fig. 3c).

In the cytoplasm of individual cells, we found accumula-
tions of fine bundles of filaments located at a small distance
from each other and oriented in different directions. The thick-
ness of these bundles varies between 0.2 and 0.4 um. In the
periphery of these complexes, the secretory granules of the
cell are located (Fig. 3d). The filamentous units have a diam-
eter of approximately 10 nm. Occasionally, such aggregates of
filamentous structures may be found incorporated within the
interior of secondary lysosomes (Fig. 3e).

Rather frequently, we found ciliary formations with an ax-
oneme emerging from a basal body and located within a

@ Springer



540

Virchows Arch (2017) 471:537-543

Fig. 3 a Two cells in the lower half of the image with a small number of
granules. b Image showing the cytoplasm of a cell with few granules but
containing enlarged mitochondriae, with the length of the mitochondriae
by far exceeding normal dimensions. ¢ Individual mitochondrium with
dense matrix, with the spaces between the cristae filled with filaments of
low electrodensity. d Bundles of filaments cut in different directions,
intermixed with neuroendocrine granules. e Bundles of filaments within
a secondary lysosome, delimited by a membrane and containing lipids

vacuole (Fig. 3f). Less frequently, basal bodies reaching a
length of 2.25 nm with a typical thickness of 2.35 nm were
present (Fig. 3g).

In some cases, we found in the cytoplasm rough/smooth
tubular aggregates consisting of a variable number of elements
arranged all in the same direction or in an irregular fashion.
The smaller aggregates with fewer tubules (Fig. 3h) are locat-
ed close to the cisternae of the rough endoplasmic reticulum.
Other, larger aggregates (Fig. 3i) are characterized by a
honeycomb-like appearance of the cross-section through the
parallel tubules. The average diameter of the tubules is ap-
proximately 80 nm. Ribosomes are present on the surface of
the membranes of some of the tubules and absent on others.
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and waste pigments. f Ciliary structure with the tallo within a cytoplasmic
vacuole. g Basal body of atypical length. h Tubular aggregate with few
elements in the vicinity of cisternae of the endoplasmic reticulum and
mitochondriae. i Aggregate with a considerable number of tubules cut
in two directions. Ribosomes can be seen in the transversal sections. (a
%4000, b 30000, ¢ x40000, d 20000, e x30000, f x80000, g x30000, h
x 80,000, i x 80,000)

The smooth muscle cells of the peripheral layers of arterial
vessels close to norepinephrine producing cells within pheo-
chromocytomas (Fig. 4a) contain linear accumulations of dif-
ferent thickness of membrane-covered granules within their
cytoplasm. These are characterized by a bright halo between
the granule and the membrane as well as by an eccentric ap-
pearance (Fig. 4b). These accumulations separate bands of
contractile smooth muscle components (Fig. 4c) which ade-
quately maintain their character (dense cytoplasmic and mem-
brane plaques, caveolae) (Fig. 4d). This phenomenon occurs
only within some arterial vessels in areas in which the neo-
plastic cells in the periphery of the vessel contain predomi-
nantly norepinephrine within their cytoplasm. In our cases,
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Fig. 4 a Central smooth muscle
cells with prolongations adjacent
to norepinephrine producing cells
. b Magnification of a segment of
image (a), with contractile
elements and a considerable
number of granules with bright
halo. ¢ Detail of smooth muscle
fiber. The neuroendocrine
granules separate bundles of
fibers with dense plaques. d
Membrane of a contractile cell
with caveoles, dense membrane
plaques, contractile filamentous
components and a part of the
nucleus. Typical aspect of
granules with dense core and
eccentric halo. (a x3000, b x
7000, ¢ x7000, d x30000)

this observation required multiple serial sections from each
tissue block at different levels.

Discussion

We are reporting, as complementary ultrastructural features,
two types of nuclear inclusions and, within the cytoplasm of
the cells, paracrystalline complexes, mega-mitochondria, bun-
dles of intermediary filaments, intracytoplasmic cilia, aggre-
gates of mixed smooth and rough cisternae, as well as the
uptake of norepinephrine by smooth muscle fibers in the pe-
riphery of arterial vessels.

The most frequent and most characteristic nuclear inclu-
sions within pheochromocytoma cells are, in fact,
pseudoinclusions which are always delimited by the two
membranes derived from an invagination of the nuclear enve-
lope [7]. The solitary or multiple granulofibrillar structures
described in the first place, and surrounded by a bright halo,
probably consist of histons. Exact understanding of these will
require the use of multiple marker proteins for their investiga-
tion [14]. The granulofilamentous bodies, in contrast, consist

of chromatin fibers characterized by their individual diameter
of 25 nm as well as by their characteristic electrodensity [15].
Due to this high electrodensity, these fibers appear separated
and gain a pseudoviral aspect within apoptotic cells. In all
cases examined, we have found both types of inclusions.

The paracrystalline inclusions in the cisternae of the endo-
plasmic reticulum are not a frequent feature, and we in fact
only identified them in two of the cases we investigated where
they occurred within pheochromocytoma cells in the form of
isolated groups. Similar complexes of ribosomes and lamellae
were described in parathyroid adenomas [16—18] as well as in
normal plasmatic cells present in the infiltrate of a case of
mycosis fungoides of the skin and a fibrosarcoma of a lower
extremity [19].

Isolated ciliae with their axoneme in a cytoplasmic
vacuole are seen with great frequency, and more than
one may be present per cell. These formations were re-
ferred to as oligociliae [20]. In fact, they are so frequent
that the problem now is to find out why certain cell types
never seem to possess them [21].

In contrast, atypical basal bodies of the kind we are describ-
ing are rare, given that the centrioles and basal bodies in
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human cells are about 0.4 mm long and 0.25 mm in external
diameter [22].

The rough/smooth tubular aggregates are derived from
the endoplasmic reticulum. There are, however, problems
of nomenclature when it comes to referring to tubules and
microtubules. The feature that distinguishes tubules from
microtubules is their diameter, with the separating line
drawn at 30 nm. Our description comprises tubules (not
microtubules) with a diameter of approximately 80 nm.
In the parallel sections, ribosomes are attached to their
walls, while the remaining tubules are bare. Continuity
may exist between smooth and rough tubules [9]. Rough
tubular aggregates were described (unpublished observa-
tion) in neuroendocrine tumors. [9] Similar formations
were reported to exist in different other tumors such as a
malignant stromal tumor [23], an acinar cell carcinoma
[24], or in a solid and cystic acinar cell tumor of the pan-
creas [25].

Previous authors described mitochondrial abnormalities
such as swelling and scant cristae, intramitochondrial
dense bodies, septate-like junktions, intercristal fusion plus
spheroidal bodies, and intramitochondrial rodlets. [8].
Swelling of mitochondrial components was reported to oc-
cur occasionally [5] and to reach dimensions of up to 2 pm.
Isolated cells with a number of swollen mitrochondria are
intermixed with other, typically secretory cells. In none of
our cases, however, we have come upon an oncocytic dif-
ferentiation of cell groups, it being recognized that pheo-
chromocytomas with oncocytic differentiation are ex-
tremely rare [26].

The bundles of intermediary filaments we are describ-
ing probably correspond to vimentin bundles. Vimentin
was found to be positive in some cases of pheochromo-
cytomas [27, 28]. In earlier immunohistochemical obser-
vations [29], we have in fact demonstrated pheochromo-
cytomas to be positive for vimentin.

Norepinephrine uptake by smooth muscle cells was
examined by means of pharmacologic studies in differ-
ent species with the fluorescence histochemical tech-
nique [30, 31]. While the uptake of norepinephrine by
non-innervated as well as by innervated smooth muscle
cells exposed to concentrations of norepinephrine has
previously been reported, we have not encountered any
reference to ultrastructural studies whatsoever. By study-
ing multiple serial sections, it is, however, possible to
observe this phenomenon within the peripheral muscle
cells of some arterial vessels located in the neighbor-
hood of extensions of pheochromocytoma cells even
though we have not identified the cause of the different
response, in terms of uptake, by different vessels.
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