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Summary. The ultrastructural study of a medullary cancer of the thyroid gland revealed
some unusual features. The stroma of the tumor did not contain amyloid. An abundant
amount of intracytoplasmic microfilaments was observed in the tumor cells, sometimes
displacing the various organelles. The most prominent feature was the presence of very dense,
pleomorphic (“biconcave”) secretory granules, measuring an average of 250 my in their
longest diameter. Mainly because of the type of secretory granules, this tumor showed a
peculiar resemblance to ileal carcinoids. The possible significance of this finding is discussed.

Introduction

Medullary carcinoma of the thyroid gland was separated as an entity in 1959
by Hazard et al. The histogenesis, or possible hormonal secretion of this tumor
were not entirely clear, and these questions have aroused considerable interest.
In 1966, Williams and Williams ef al. (1966) suggested that the tumor derived
from the parafollicular cells which are believed to be responsible for calcitonin
production. This hypothesis has been supported by the fact that some medullary
thyroid cancers were capable of secreting caleitonin (Grimley ef ol., 1969 ; Tubiana
et al., 1970). In other cases, instead of calcitonin, other hormones or hormone-like
substances such as ACTH (Szijj ef al., 1969), serotonin (Moertel ¢f al., 1965) and
prostaglandins (Sandler ef al., 1968) were produced.

The first electron microscope study of a medullary thyroid cancer was
published in 1964 by Albores-Saavedra et al. These authors were dealing with the
problem of amyloid production in these tumors and did not extend their examina-
tions regarding possible hormone secretion. From 1968 onwards, however, several
case reports appeared describing in detail the ultrastructural characteristics of
this tumor including intracellular secretory granules indicative of hormone
production (Braunstein, 1968; Gonzalez-Licea et al., 1968; Meyer, 1968; Grimley
et al., 1969; McDermott and Hart, 1970; Lietz and Donath, 1970; Hachmeister
and Zimmermann, 1970). The individual cases showed considerable differences
rendering it impossible to gencralize concerning electron microscopical charac-
teristics of the tumor. Thus it appears that detailed analysis of additional cases
might help to further elucidate the morphogenesis of this neoplasm.

In our case of medullary thyroid cancer an electron microscopic study was
undertaken which revealed some unusual features: 1. lack of amyloid, 2. abun-
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dance of intracytoplasmic microfilaments, 3. “biconcave” secretory granules,
4. close resemblance to ileal carcinoid tumors.

Case Report

This 22 year old female patient experienced a choking sensation and dysphagia. She
noticed a lump in her neck. On scanning, the nodule did not show any evidence of I*¥1.uptake;
the patient was euthyroid. Pre- and post-operative calcium levels were within the normal
range (9.1, 9.9, 10.1 mg- %). There were no endocrine symptoms present. Calcitonin assay and
5-HIAA determination were not carried out.

During surgery the histological diagnosis of medullary carcinoma was established by
frozen section and total thyroidectomy performed. The post-operative course was uneventful
and she was discharged one week following surgery.

Methods

For light microscopic examination several pieces, including the tumor, adjacent thyroid
and parathyroid tissue, were placed in formalin and post-fixed in Brasil routinely used in this
laboratory. The blocks were dehydrated and embedded in paraffin. The following staining
procedures were used: hematoxylin-phloxine-saffron, crystal violet, congo red, thioflavin-T,
alcian blue, toluidine blue-polarized light method (Wolman, 1971), Masson’s trichrome, PAS
(with and without diastase digestion), mucicarmine, cresyl fast violet metachromasia (for the
detection of C-cells) (Ljungberg, 1970a), argentaffin reaction (Fontana), Gomori’s silver
technique for argyrophilia, lead-hematoxylin (Solcia et al., 1969) and masked metachromasia
(Solcia et al., 1968).

For electron microscopy, samples of tumor tissue were placed in 2.5% glutaraldehyde in
0.1 M Sorensen’s buffer, minced into tiny pieces and fixed for 2 hours at 4°C. Following
rinsing in buffer, the blocks were post-osmicated in 1% Os0* in Millonig’s buffer. After washing
in buffer, the tissue was processed through graded ethanol and propylene oxide, and then
embedded in Epon 812. From the blocks, 0.5 . thick sections were cut, stained with toluidine
blue and examined under the light microscope. From selected areas, ultrathin sections were
cut with a glass knife, stained with uranyl acetate and Reynolds’ lead citrate. These sections
were then studied with a Philips 300 electron microscope using 60 kV accelerating voltage.

Light Microseopic Findings

The tumor was partly encapsulated and composed of sheets and solid nests of
tumor cells separated either by thin fibrous septa (Fig. 1A) or broad hyalin-
collagenous stroma (Fig. 1B). The tumor cells were rather uniform and exhibited
a spherical shape. The cytoplasm was finely vacuolated. The nuclei were round,
centrally located and moderately rich in chromatin. Mitoses were infrequent and
pleomorphism was not marked. The amount of connective tissue stroma varied
markedly in different parts of the tumor. In the more solid areas the neoplasm
bore some resemblance to a carcinoid tumor.

The cytoplasm of the tumor cells contained a variable amount of diastase-
digestible PAS-positive granular material. Intense argyrophilia was noted in a
large percentage of the tumor cells. This change was also observed in several
parafollicular cells of the adjacent normal thyroid. The results of argentaffin
reaction, Ljungberg’s method for C-cells, lead-hematoxylin and masked meta-
chromasia were negative. However, this negativity is of dubious significance since
the fixative containing picric acid, trichloracetic acid and ethanol makes the
results rather uncertain.
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Fig. 1A and B. Histologic appearance of the medullary thyroid cancer. Solid part (A), tumor
cell nests with an abundant connective tissue stroma (B). A Hematoxylin-Phloxine-Saffron;
B Masson

The stroma stained blue with Masson’s trichrome. The results of staining
procedures applied for the detection of amyloid (crystal violet, congo red, thio-
flavin-T, toluidine blue-polarized light method) were negative.

19%
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Electron Microseopic Findings

Similar to the light microscopic picture, two different patterns of the tumor
were recognized. In one region, small islets and a few rosettes of tumor cells were
separated by broad bands of hyalin collagenous stroma. In other areas, only
narrow septa of connective tissue were found between solid nests of tumor cells.

The part of tumor rich in hyalin collagenous stroma was composed of three
somewhat different types of cells (types 1, 2, and 3 cells), the more solid part
consisted of one ultrastructurally uniform cell type (type 4 cells).

Type 1 Cells

These tumor cells had relatively large, round or slightly oval, centrally located
nuclei with prominent nucleoli. The moderately stained chromatin substance was
evenly distributed or slightly clumped on the surface of the inner nuclear mem-
brane. The rough surfaced endoplasmic reticulum (RER) was poorly or moderately
developed within the scanty cytoplasm. However, a great number of ribosomes
and polysomes were lying free without preference for any particular localization.
The smooth surfaced endoplasmic reticulum (SER) was inconspicuous; only a
few smooth walled vesicles were seen. The rod-shaped or oval mitochondria were
moderate in number. They exhibited wavy or slightly ruffled limiting membranes,
moderately dense matrix and closely spaced transverse cristae. Occasionally
larger, more electron lucent mitochondria, showing signs of swelling, were also
observed. The inconspicuous Golgi zones, when they were encountered, were
composed of 3—4 flattened sacs and a few vesicles. Many cells of type 1 were
completely devoid of secretory granules. In others, only a few pleomorphic dense
granules were observed. (A detailed description of these structures will be given
under the heading: Type 4 Cells.} Occasionally spherical secretory granules were
observed. They had a moderately dense core and a strongly osmiophilic membrane
with a halo between them and had an average diameter of 200 myu. These granules
were not seen in other cell types. Few lysosomal bodies were noted. The most
characteristic feature of the type 1 cells was the presence of a large amount of
fine microfilaments measuring 60 A (50-75 A) in width. They were usually
arranged in parallel bundles and localized predominantly in perinuclear areas,
although they were encountered also in other parts of the cytoplasm, sometimes
displacing organelles. The microfilaments did not exhibit periodicity; however,
using high power magnification, they showed a somewhat beaded appearance.
All tumor cells had distinct cellular membranes which occasionally formed inter-
cellular spaces, some of them showing microvillous projections between the
neighboring cells. Complex interdigitations and desmosomes were regular features.
Groups of tumor cells were surrounded by a well defined basement membrane
which delimited the tumor cells from the connective tissue stroma (Fig. 2).

Type 2 Cells

In some regions, the tumor cells tended to form rosettes or follicle-like struc-
tures with a finely granular material in their “‘lumen”. The nuclei of these cells
were oval or slightly irregular. The relatively dark chromatin substance was
clumped against the nuclear membrane. Nucleoli were prominent. The RER



Fig. 2. Ultrastructural appearance of a type 1 tumor cell. Note several bundles of micro-
filaments (f) in the perinuclear region and among the cytoplasmic organelles. X 19600
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exhibited cystic dilation in many of these cells but the amount of free ribosomes
was as abundant as in type 1 cells. The SER was insignificant. The matrix of the
oval or long-shaped mitochondria was relatively electron lucent. In a few mito-
chondria, rarefication, swelling and formation of membrane-bound empty vacuoles
were observed. Golgi zones were well developed. A moderate number of strongly
osmiophilic pleomorphic secretory granules, scattered throughout the cytoplasm,
were also seen. The abundance of microfilaments was also a prominent feature in
this cell type. The cell borders were similar to that described in the type 1 cells,
except that here well developed terminal bars were also observed between the
surface of cells facing the “lumen” of rosettes.

Type 3 Cells

In this cell type, seen only infrequently, the main feature was the presence of
monoparticulate glycogen in abundant amount, occupying a considerable portion
of the cytoplasm. The RER was inconspicuous and consisted only of a few dilated
cisternae located usually around the small, round mitochondria, the number of
which seemed to be less than that in the other cell types. Golgi zones were distinet
and well developed. The amount of intracytoplasmic microfilaments, detected in
the perinuclear areas and amongst the clumps of glycogen, was considerably less
than in the first two cell types. Dense pleomorphic secretory granules were
occasionally seen. Cell borders showed the same characteristics as in the type 1
cells (Fig. 3).

Type 4 Cells

This type of cell constituted the basic cell composing the solid area of the
tumor. These cells were polygonal in shape and closely apposed. The nuclei were
relatively large, round or oval, and showed irregular rarefications with clumping
of their chromatin. Nucleoli were large and dense. The RER was represented by a
few moderately dilated rough surfaced cisternae and widely dilated tubules. A
great number of free ribosomes and polysomes were also observed. The SER was
poorly developed. There were many round and oval mitochondria present,
showing considerable variation in size. Their matrix was moderately dense with
irregularly arranged and shaped cristae. The majority of the mitochondria were
small. However, a few large relatively lucent mitochondria were also found having
long parallel cristae. Swelling and granular inclusions in a few mitochondria were
also seen. The distinct Golgi zones appeared to be normal. A great number of
pleomorphic (“biconcave”, Ferreira, 1971) secretory granules, having an average
longest diameter of 250 my (118-503 my), were observed in the cytoplasm of
these cells. They were usually arranged in large groups located at one pole of the
tumor cells. Their matrix was homogenous and uniformly dense. Closely fitted
limiting membranes were ill-defined, and sometimes could not be seen. Occa-
sionally less dense granules were present with well recognizable membranes.
These cells also contained a moderate amount of glycogen, mainly of the mono-
particulate form. Bundles of microfilaments were also encountered, although
their presence was not as prominent as in the types 1 and 2 cells. The cell borders
were similar to those found in the other cell types (Fig. 4).
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Fig. 3. Type 3 cell exhibiting large clumps of glycogen (G7) in the cytoplasm. Only a few
microfilaments are seen, the Golgi apparatus (arrow) is conspicuous. X 18600

Stroma

The bulk of the stroma was composed of a very fine fibrillar-granular material
with varying amount of collagen fibers. Fibrils showing the size and morphologic
characteristics of amyloid were not found.



Fig. 4. Vascular poles of type 4 cells showing clusters of “biconcave’” granules (g). There are
also clumps of glycogen (1) present. x 19200



E. Horvath e al.: Ultrastructure of Medullary Cancer 289

Discussion

The main ultrastructural characteristics of medullary cancer of the thyroid
are an amyloid stroma and the presence of spherical secretory granules or vesicles
with an average diameter of 200 my. in the cytoplasm of the tumor cells (Albores-
Saavedra et al., 1964; Black, 1968; Dayan and Woodhouse, 1968; Gonzalez-
Licea et al., 1968; Meyer, 1968; Grimley et al., 1969; McDermott and Hart, 1970).
Intracellular fibrillar material, believed to represent amyloid by some authors
(Gonzalez-Licea et al., 1968; McDermott and Hart, 1970), was detected only in
smaller amount in a few cases (Meyer, 1968). Considering the cell borders, the
findings varied. Meyer (1968) could not find desmosomes in his two published
cases. McDermott and Hart (1970), however, observed a considerable number of
desmosomes between neighboring tumor cells.

The medullary carcinoma studied by us exhibited ultrastructural features
different from any of the cases hitherto published. The first striking difference
was the lack of amyloid in the fumor stroma. The presence of amyloid in the
stroma was considered a prerequisite for the diagnosis of medullary cancer by
several authors (Hazard ef ol., 1959; Williams, 1966; Williams ef al., 1966). On
the other hand, Tubiana et al. (1970) have found that some cases of medullary
cancer do not contain amyloid. They even. felt it justifiable to consider this group
as a separate entity, since, according to their data, these tumors differed from
the amyloid producing variant not only morphologically but also in their clinical
and biological behavior.

The other characteristic finding in our case was the presence of bundles of
microfilaments in the cytoplasm of practically every tumor cell. This is a common
phenomenon in several neoplasms (Luse and Lacy, 1960; Greider and Elliott,
1964 ; Johnston and Waisman, 1971), and microfilaments are also regular struc-
tural elements of some normal cells, e.g. in the endocrine cells of the gastro-
intestinal tract (Forssmann efal., 1969; Pearse ef al., 1970; Ferreira, 1971).
Despite this fact, no data are available concerning their origin and possible
biological significance.

The groups of very dense, pleomorphic (*“biconcave”’, Ferreira, 1971) secretory
granules, localized usually at one pole of the tumor cells, represented the most
peculiar feature of the neoplasm. It is known that medullary carcinomas have
some histologic similarities to carcinoids (Williams, 1966; Williams ef al., 1966;
Ibanez ef al., 1967). This resemblance is even more prominent ultrastructurally
and, according to Gonzalez-Licea ef al. (1968), sometimes it is hardly possible to
distinguish between the electron microscopic appearance of medullary carcinomas
of the thyroid and some of the carcinoid tumors. Morphologic similarities are also
known between Langerhans islet tumors and medullary carcinomas. The fact
that the pancreas and thyroid are derived from gut primordium might explain
this phenomenon (Moertel ef al., 1965; Gonzalez-Licea et al., 1968). Beyond their
common origin and morphologic similarities, islet cells of the pancreas, endocrine
cells of the gastrointestinal tract and parafollicular cells of the thyroid belong to
the APUD (Amine, Precursor, Uptake and Decarboxylation) cell system, sharing
important biological and biochemical properties (Pearse et al., 1970). Relatively
little is known about the exact function and regulation of the endocrine cells of
the digestive system, although their histological, histochemical and ultrastructural
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features have been extensively studied by several authors (Carvalheira ef al.,
1968; Black, 1968; Forssmann ef al., 1969; Pearse ef al., 1970; Ferreira, 1971;
Vassallo ef al., 1971) in the last few years. It has been demonstrated that at least
five types of intestinal endocrine cells exist showing specific localization and well-
distinguishable ultrastructural characterisites (Forssmann ef al., 1969). The neo-
plastic cells of carcinoids usually exhibit the same electron microscopical appear-
ance as endocrine cells occurring normally in the same parts of the gastrointestinal
tract (Black, 1968). It is important to note that the medullary carcinomas
investigated so far had spherical (200 mp diameter) secretory granules and
vesicles of moderate or low density in the cytoplasm resembling gastric carcinoids.
On the other hand, the shape, size, electron density and intracellular distribution
of the granules observed in our case correspond to those found in ileal carcinoids
(Black, 1968; O’Neal et al., 1968) and also in the normal endocrine cells, most
common in the small intestine, called EC (Vassallo ef ol., 1971), EC (diazonium)
{(Pearse et al., 1970), I serotonin (Forssmann et al., 1969), EC 1 (Ferreira, 1971) or
type 2 cells (Black, 1968). These cells are believed to be responsible for the produc-
tion of enteroserotonin and give positive results with argentaffin reactions. The
tumor cells in our case did not show argentaffinity; they only gave a well defined
argyrophilia. This does not exclude, however, the possibility that the cells might
be derived from the same cell group mentioned before. It is very probable that the
matrix or membrane of granules is responsible for the argyrophilia (Pearse et al.,
1970), while argentaffinity of the cells might depend upon the quantitiy of
secretory product (serotonin) stored in the granules (Rubin et al., 1971). In our
case, unfortunately, no biochemical or biological determinations were done.
Clinically, however, there were no symptoms indicating excessive release of any
biologically active substance.

Argyrophilia is not a unique finding among medullary carcinomas of the
thyroid. Williams ef al., (1966) found it in about 50% of their cases. Ljungberg
(1970Db, c) showed a great number of argentaffin cells in the two medullary
carcinomas he observed and claimed that the tumors were composed of C-cells
and another type of parafollicular cells assumed to contain monoamines. He also
showed argentaffin cells to be present in the non-neoplastic portion of the same
thyroid. Similarly, in our case, a considerable number of argyrophil cells with
parafollicular location were demonstrated in the non-neoplastic thyroid gland,
adjacent to the tumor. There are also other data indicating the heterogenity of
medullary carcinomas. Tubiana ef al. (1970} succeeded in detecting calcitonin in
all cases of medullary carcinoma with amyloid stroma when it was looked for.
On the other hand, the results were entirely negative in tumors without amyloid
stroma (Tubiana et al., 1970). In another published case of medullary carcinoma
without amyloid stroma (Moertel ef al., 1965), ‘““malignant carcinoid syndrome”
developed in the advanced phase of the disease indicating excessive production of
serotonin by the metastatic tumor. It is also known that, besides calcitonin and
serotonin, medullary carcinomas are capable of producing other hormones or
hormone-like substances, such as ACTH and prostaglandins (Williams ef al., 1968;
Grimley et al., 1969; Szijj et al., 1969)—another characteristic shared by these
tumors and carcinoids (O'Neal ef al., 1968; Sandler ef al., 1968; Johnston and
Waisman, 1971). Based on these data, it seems obvious that, as Gonzalez-Licea
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el al. (1968) pointed out, there are many similarities between medullary carcinomas
of the thyroid and carcinoid tumors, since these neoplasms appear to arise from
different cell types within the same system. Compared with the medullary
carcinomas studied ultrastructurally so far, our case showed the unique feature
of exhibiting a striking resemblance to carcinoids of the small intestine arising
from the serotonin producing cells.

Another problem awaiting further study is whether the parafollicular cells in
the normal thyroid gland belong to a homogeneous cell population or more than
one type of parafollicular cell exist. Extensive histochemical and ultrastructural
studies could help clarify this problem, hindered by the fact that parafollicular
cells are difficult to find in normal adult thyroid tissue (Braunstein and Stephens,
1968). Apart from this question, it seems established that the tumors arising from
the parafollicular cells represent more than one type of neoplasms which can be
distinguished from each other only by means of electron microscopy. This problem,
beyond its theoretical interest, has important practical implications. An adequate
ultrastructural classification of medullary thyroid cancers might also help in deter-
mining the biological behavior of the tumor, which is unpredictable in many cases.

The authors are grateful to Mr. P. Wong and Miss Eva Sekulova for their technical
assistance and to Miss Diane Karch for the valuable secretarial help.
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