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Evidence of vascular differentiation in anaplastic tumours
of the thyroid — an immunohistological study
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Summary. Sixteen cases of anaplastic carcinoma
(ACA) and 4 cases of malignant haemangioen-
dothelioma (HAE) of the thyroid were studied by
light microscopy and immunohistochemistry.

Seven cases of ACA and 3 cases of HAE were
characterized by coexpression of immunohistologi-
cal features of epithelial and vascular endothelial
cells.

Expression of vimentin was common to all tu-
mours investigated. The present study provides evi-
dence that ACA and HAE are partially closely re-
lated tumours showing alternating differentiation.
This speaks in favour of a common neoplastic cell
with the potential for epithelial and vascular endo-
thelial differentiation.
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Introduction

Anaplastic tumours of the thyroid can produce an
array of appearances with transitions and interme-
diate forms. The wide range of histological and
cytological features may lead to their confusion
with a variety of neoplasms, including fibrosar-
coma, malignant fibrous histiocytoma, rhabdo-
myosarcoma, osteogenic sarcoma, angiosarcoma,
lymphoma and metastatic carcinoma (Hedinger
1969).

While it is generally accepted that small cell
carcinoma should be assigned to other categories
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such as medullary carcinoma (Mendelsohn et al.
1980) and non-Hodgkin’s lymphoma (Mambo
et al. 1984) there are some controversies about the
nature of tumours composed of spindle cells and/
or giant cells (Carcangiu et al. 1985). Many au-
thors support the hypothesis that spindle and giant
cell carcinomas represent anaplastic transforma-
tion of pre-existing papillary (Aldinger et al. 1978;
Albores et al. 1983) or follicular (Heitz et al. 1976)
carcinoma. This was also documented by electron
microscopy (Jao etal. 1975) and immunohisto-
chemistry (Miettinen et al. 1984).

Histogenetic questions also concern the interre-
lations between anaplastic carcinoma (ACA) and
malignant haemangioendothelioma (HAE) of the
thyroid (Rosai and Carcangiu 1984). While some
authors accept this tumour to be a distinct neo-
plasm of endothelial origin (Hedinger 1909, Wege-
lin 1926, Egloff 1977) it has been interpreted as
a variant of undifferentiated carcinoma by others
(Meissner and Warren 1969, Krisch et al. 1980).
The tumour may display considerable morphologi-
cal variation, often mimicking anaplastic carcino-
ma.

The development of immunohistological tech-
niques has provided a new diagnostic tool in the
evaluation of ACA and HAE and staining for in-
termediate filament proteins has proved to be of
diagnostic value in thyroid tumors. Cytokeratin
was detected in at least half of anaplastic thyroid
tumours (Carcangiu ct al. 1985) and some neoplas-
tic cells coexpress cytokeratin type and vimentin
type of intermediate filaments (Miettinen et al.
1984). Recent studies demonstrated F VIII-RAG
in some of the tumour cells, establishing the endo-
thelial origin of a number of tumours classified
as malignant haemangioendothelioma (Schéffer
and Ormanns 1983, Egloft 1983, Pfaltz et al. 1983
and Ruchti et al. 1984). However, inconsistancy
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in reacting with malignant tumours and great vari-
ation in intensity of staining indicate limitations
to the method (Burgdorf et al. 1981, Guarda et al.
1982). Ordonez and Batsakis (1984) and Stephen-
son etal. (1986) showed that UEA I lectin is a
more sensitive marker for the endothelial cells than
FVIII-RAG.

The aim of this study was to characterize the
nature of tumour cells in ACA and HAE and to
elucidate possible interrelations between these two
entities. We applied antibodies to thyroglobulin,
epithelial membrane antigen (EMA), Vimentin and
a new panepithelial antibody (mAB lu-5) (von
Overbeck et al. 1985). To determine their utility
in the assessment of ACA and HAE we used a
panel of vascular markers including FVIII-RAG,
UEAT and a recently published new endothelial
marker, BMA 120 (Alles and Bosslet 1985).

Material and methods

Material. The cases studied in this article were drawn from
the files of the Institute of Pathology, St. Gallen. The surgical
material investigated comprised 25 primary tumours of the thy-
roid. All were reviewed and classified according to the WHO
classification (Hedinger Chr, Sobin LH 1974).

These tumours consisted of 5 anaplastic carcinomas of the
spindle cell type (male:female=2:3, average age: 76.8), 11 an-
aplastic carcinomas of the giant cell type (male:female=6:5,
average age: 69.4) and 4 malignant hacmangioendotheliomas
(male:female=1:3, average age: 72.8). Three follicular and 2
papillary carcinomas were investigated as controls (male: fe-
male=0:5, average age:68.4).

Formalin-fixed and paraffin-embedded specimens had been
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Fig. 1a-b. Anaplastic carcinoma
of spindle cell type with
haemangioendotheliomatous
features. a Spindle cell
component; b angiosarcoma-like
component (H+E, x 350)

Table 1. Immunohistological results in anaplastic carcinoma of
spindle cell type

case THY EMA LU-5 VIM FVII UEAI BMA
1 - (+) +++ +++ - - -
2 - - +4+4+ ++ - - 0
3 - - + ++ - - 0
4 - - - ++ - - -
52 - (+) ++ +++ - - -

a

revealing angiosarcoma-like features

+ + + =almost all cells stained; + + =approximately 50% of
cells stained; + =few cells stained; (+)=only single cells
stained weakly; — =no reaction; 0 =no evaluation possible

stored for periods ranging from months to more than 10 years.
Autopsy material was not used.

Serial sections (3-4 um) were stained with H&E, Elastic
van Gieson, and Prussian Blue. For immunohistochemistry sec-
tions were deparaffinized in xylene and taken through alcohol
series to water. In each case the same panel of antibodies was
applied. Antibodies to Thyroglobulin, Epithelial Membrane
Antigen, Factor VIII-related antigen, Ulex europaeus I lectin,
Vimentin and the antibodies mAB lu-5 and BMA 120 were
used. A minimum of 2 sections of different sites was labelled
for each marker.

Reagents. Polyclonal antisera against thyroglobulin, factor
VilI-related antigen (F VIII RAG) and ulex europacus I lectin
(UEAT lectin), swine anti rabbit IgG and the PAP-complex
were purchased from Dako, Copenhagen, Denmark. UEA T
lectin was obtained from Boehringer, Mannheim, FRG. Mono-
clonal antibodies to Epithelial Membrane Antigen (EMA) and
Vimentin were purchased from Dako, BMA 120 from Behring,
Marburg, FRG. The latter antibody reacts with an antigen
located in the cell membrane and cytoplasm of human vascular
endothelial cells (Alles and Bosslet 1985). Dr. C. Stihli, Central
Research Division, F. Hoffmann-La Roche & Co, Ltd., Basel,



F. Eckert et al.: Anaplastic carcinoma of the thyroid

¥l T g
5SS

J- 9
i “3

Switzerland generously supplied us with the monoclonal anti-
body mAB lu-5, which has been published to stain most epithe-
lial and mesothelial cells, but not mesenchymal cells (von Over-
beck et al. 1985). Rabbit antiserum against mouse immunoglob-
ulin was purchased from DAKO, PAP-conjugated goat antise-
rum against rabbit 1gG from DIANOVA, Hamburg, FRG and
alkaline phosphatase conjugated goat antiserum against rabbit
IgG from Sigma, St. Louis, MO, USA.

Immunohistological staining procedure. Immunostaining for
thyroglobulin and F VIII-RAG using the PAP-method was
carried out by a modified technique after Sternberger et al.
(1970).

205

Fig. 2a—c. Anaplastic carcinoma
of giant cell type showing no
coexpression. a H+E x350;

b Demonstration of mAB lu-5
reacting with tumour cells of the
follicular carcinoma component
(PAP x 350); ¢ Demonstration of
vimentin reacting with anaplastic
tumour cells (IAP, x 350)

Labelling for UEA I was performed by sequentially incu-
bating the sections with UEA I (diluted to 20 pg/ml) for 30 min,
1:200 rabbit anti-UEA-1 for 30 min, 1:50 swine anti-rabbit
1gG for 30 min and 1:100 PAP-complex for 30 min, each di-
luted in Tris-buffer (pH 7.4) with double washes in Tris-buffer
between stages. Peroxidase reactivity was demonstrated with
3-amino-9-ethylcarbazole (Sigma), dissolved in dimethyiforma-
mide (DMF) (Merck, Darmstadt, FRG). The sections were
then counterstained with haemalaun and covered.

Staining for mAB lu-5 was carried out by the following
method: after blocking of endogenous peroxidase in a 1%
H,0, methanol solution for 30 min the sections were pretreated
with fresh 0.1% solution of trypsin in 0.1% CaCl (pH 7.8)
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at 37° C for 20 min (Mepham et al. 1979). After rinsing in Tris
buffer (diluted 1:5 with NaCl) for 10 min, the slides were
treated with normal human serum for 10 min and then incu-
bated with mAB lu-5 (diluted 1:50) for 30 min. The sections
were sequentially rinsed in Tris-buffer for 10 min, immersed
in rabbit anti-mouse antiserum (1:15) for 30 min, rinsed again
and incubated with PAP-conjugated goat anti-rabbit antiserum
(1:200). Demonstration of bound peroxidase and counterstain-
ing were as in the UEA T technique. Staining for EMA was
carried out as for mAB lu-5 except prior trypsinization.
Labelling for Vimentin and BMA 120 was performed by
an immunoalkaline phosphatase method (IAP) published and
modified by Feller and Parwaresch (1983). Antisera were ap-
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Fig. 3a—e. Anaplastic carcinoma
of giant cell type showing
® coexpression. a Remnants of
. thyroid follicles (H+E, x350);
_: b anaplastic tumour cells (H+E,
©  x350); ¢ Demonstration of mAB
lu-5 in tumour cells (PAP, x 350);
‘¥ G UEA 1 (PAP, x350):
+ e Vimentin (IAP, x 350)

plied in the following order: monoclonal primary antibody (Vi-
mentin 1:50, BMA 120 1:50), rabbit anti-mouse immunoglobu-
lins and anti-rabbit IgG alkaline-phosphatase conjugated. Each
incubation lasted 30 min and was followed by washing in Tris-
buffer (pH 7.4). Alkaline phosphatase reactivity was demon-
strated with fast-red TR salt (Sigma) and naphthol-AS-BJ-
phosphatase (Sigma) as substrate, each dissolved in dimethyl-
formamide (DMF) (Merck) and diluted with 0.05 M propan-
diol buffer, pH 9.75. Endogenous alkaline phosphatase was in-
hibited by adding 1 mM levamisole (Sigma) to the incubation
medium. The slides were incubated at room temperature for
10 min, washed in Tris-buffer pH 7.4, counterstained with hae-
malaun and mounted in glycerine gelatin.
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Substitution of antibodies by nonimmune rabbit serum or
incubation with only the second antiserum on adjacent sections
constituted our antibody controls.

Double immunoenzymatic labelling was performed in one
case using a method described by Mason, Abdulaziz, Falini
and Stein (1983).

Results

The cases will be described in the following groups:

Group I:  anaplastic carcinoma of spindle cell type
Group II: anaplastic carcinoma of giant cell type
Group III: malignant haemangioendothelioma
Group 1V: follicular and papillary carcinoma
Group 1

Histological findings. Five tumours classified as an-
aplastic carcinomas of spindle cell type showed a
striking sarcomatoid appearance.

With one exception all tumours showed focal
necrosis. Two cases revealed accumulations of hae-
mosiderin-laden macrophages lining areas of
haemorrhage. Elements of differentiated carcino-
mas or areas of transitional changes between dif-
ferentiated and anaplastic carcinoma could not be
detected. The microscopic picture of one tumour
was characterized by small areas of pseudovascular
structures and clefts reminiscent of those seen in
malignant haemangioendothelioma of the thyroid
(Fig. 1). Erythrophagocytosis could not be ob-
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served. Haemosiderin deposits were present in the
interstitium.

Immunohistological findings.- None of the five tu-
mours reacted with antibody against thyroglobu-
lin. Tumour cell-staining yielded weak immunore-
activity for EMA in 2 cases and only single tumour
cells were stained.

Three of the 5 tumours were reactive to mAB
lu-5 showing an intense cytoplasmic staining. In
one case tumour cells failed to stain with mAB
lu-5 while nontumorous epithelial thyroid cells im-
mediately adjacent to carcinoma gave a moderate
to strong reaction. One tumour revealed scattered
islands of mAB lu-5 — immunoreactive cells in vast
arcas of immunonegative tumour cells. No de-
cision could be reached whether these islands rep-
resent highly differentiated areas of the carcinoma
or tumour invaded thyroid tissue. The cytoplasm
of the tumour cells was uniformly stained by Vi-
mentin antibody in all cases. Vessels were clearly
decorated by the three vascular markers. In gener-
al, antibody to UEA I and BMA 120 gave the most
reliable results, while FVIII-RAG revealed a great
variation in intensity of staining. For technical rea-
sons staining for BMA 120 was not evaluable in
2 cases. The tumour cells gave negative reactions
with all vascular markers. Neoplastic cells located
in areas reminiscent of HAE were positive for
mAB lu-5. In conclusion 4 tumours of the spindle
cell type virtually showed a coexpression of mAB
lu-5 and vimentin in their tumour cells. Table 1.
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Group 11

Histological findings. Anaplastic carcinoma of
giant cell type was observed in 11 cases. Multinuc-
leated cells were numerous, mitoses were frequent
and often atypical. Admixtures of spindle cells and
smaller mononuclear cells could be found in all
cases. In 7 tumours areas of focal or extensive ne-
crosis were seen. Haemorrhage leading to haemosi-
derin deposits was a feature common to all cases.
Three cases presented with foci of follicular car-

T PR Ny !

4, "-. L R )
~%“ A BB

Fig. 4a—e. Anaplastic carcinoma
of giant cell type with
hemangioendotheliomatous
features, showing coexpression.

a Solid component of the tumour
(H+E, x350); b Angiosarcoma-
like component of the tumour
(H+E, x350); ¢ mAB lu-5 (PAP,
x 350); d BMA 120 (IAP, x 350);
e vimentin (IAP, x 350)

cinoma. Isolated thyroid follicles were entrapped
among the tumour tissue in 2 cases but it was diffi-
cult to decide whether the nodules were tumorous
or not.

According to their pattern of growth the tu-
mours could be distributed in two categories: Solid
portions predominated in 6 tumours resulting in
an epithelial-like appearance (Fig. 2a; Fig. 3a+b).
Squamoid features could not be detected. Erythro-
phagocytosis was observed in one case.

Five tumours demonstrated haemangioendo-
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theliomatous features and epithelial-like structures
in combination (Fig. 4a+Db). Three of these tu-
mours exhibited erythrophagocytosis in atypical
cells lining pseudovascular, cleft-like spaces. A po-
Iymorphonuclear leucocyte infiltration was usually
present among the haemangiomatous areas.

Immunohistological findings. Areas of differen-
tiated follicular carcinoma turned out to be posi-
tive for thyroglobulin in the 3 cases already men-
tioned. Giant and anaplastic tumour cells were
consistently negative. In 2 cases artefactual spread
of thyroglobulin from normal follicles to adjacent
tumour cells resulted in a weak cytoplasmic stain-
ing.
Staining for EMA gave similar results. Cells
of the follicular carcinoma component were posi-
tive while anaplastic cells were negative. In con-
trast, one case revealed strong EMA-positivity in
anaplastic tumour cells. Areas of follicular or pap-
illary carcinoma could not be detected in this tu-
mour.

Regardless of their cytological and histological
features all but one of the carcinomas showed im-
munoreactivity for mAB 1u-5 (Figs. 2b, 3c, 4c¢).
The reaction for this antibody was stronger in non-
tumorous thyroid tissue or in the follicular compo-
nents of ACA than in the anaplastic tumour cells.
Intensity of staining tended to be heterogenous and
differed from case to case. Tumours with areas
of follicular carcinoma showed a striking contrast
between mAB lu-5-positive cells of follicular carci-
noma and the surrounding focally reacting (1 case)
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Table 2. Immunohistological results in anaplastic carcinoma of
giant cell type

case THY EMA LU-5 VIM FVIII UEAT BMA

T 4 () 4! +4+ - - -
2 4+ 4+ - - -
3 - () 0 + - - -
4 - +4+ +++ ++ () O+ +
5 - - +++ F4++ (FH) A+ A+
6 - 0 ++4+ +++ 0 - 0
A - ++ 4+ o+ ++4+ +
8" - +4+4+ +++ +4+ +++ 0
9* - +++ +++ +4+ ++4+ 0
10° 4+ +' ++7 44+ + ++4+ 0
11° — - +4+ +++ ++ 0 + 4+

2 symbols explained in Table 1
b revealing angiosarcoma-like features

1 tumor cells of follicular carcinoma component; 2 tumor cells

of follicular carcinoma component and few anaplastic tumour
cells; 0 no evaluation possible

or nonreacting (2 cases) anaplastic tissue. One case
revealed strong background staining and could not
be evaluated.

Vimentin was consistently positive in all tu-
mours (Figs. 2¢, 3e and 4e). Cells of the follicular
carcinoma component gave a cap-like positive re-
action in their basal areas.

The wvascular markers (FVIII-RAG, UEA1
and BMA 120) regularly stained the vessels in most
cases. Seven cases revealed results: at least two
of the vascular markers were positive in the tumour
cells of each case showing strong cytoplasmic stain-
ing. This finding predominated in tumours with
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haemangioendotheliomatous features but was also
found in two cases with solid tumour growth. Im-
munoperoxidase staining was established in atypi-
cal cells lining the vascular spaces and in the more
solid, epithelial-like areas of the tumours (Figs. 3d
and 4d).

As a result solid and angiomatous regions of
anaplastic carcinoma showed epithelial as well as
vascular endothelial features of the tumour cells
(Table 2).

Double immunoenzymatic labelling was per-
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Fig. 5a—c. Malignant
hemangioendothelioma of the
thyroid. a H+E, x350;

b Demonstration of mAB lu-5 in
tumour cells lining cleft-like
structures (PAP, x 350);

¢ Demonstration of BMA 120 in
tumour cells lining cleft-like
structures (PAP, x 350)

formed in one case which revealed angiosarcoma-
like features (case 11, Table 2). At least part of the
tumour cells coexpressed FVIII-RAG and mAB
lu-5 while the largest population of tumour cells
expressed cither FVIII-RAG or mAB lu-5.

Group 111

Histological findings. Four tumours showed the
typical angiomatous pattern of malignant haeman-
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gioendothelioma (Fig. 5a): cleft-like structures
containing erythrocytes were lined by flat or pleo-
morphic cells. These cells showed erythrophagocy-
tosis in all tumours investigated. In some areas
neoplastic cells were found in an epithelial arrange-
ment forming solid sheets. Haemorrhage with hae-
mosiderin deposits and extensive areas of necrosis
were a constant finding as well as a marked inflam-
matory component.

In 3 cases thyroid parenchyma adjacent to the
tumour tissue showed adenomatous goitrous chan-
ges. Two of them revealed remnants of thyroid
follicles interspersed with tumorous areas.

Immunohistological findings. Immunoperoxidase
staining for thyroglobulin and EMA was con-
sistently negative in all tumours. Remnants of thy-
roid follicle epithelium could be easily recognized
and distinguished from the neoplastic cells by thy-
roglobulin positivity.

In all evaluable cases tumour cells were well
stained with mAB lu-5 regardless of their cytologi-
cal features (Fig. 5b). Staining was similar in areas
with pseudovascular features and in the more solid
portions of the tumours. One case revealed high
background staining and could not be evaluated.

Staining for Vimentin yielded similar results.
Three cases turned out to be immunopositive,
while one case could not be assessed definitely.

All cases exhibited strong cytoplasmic tumour
cell-staining with at least two of the vascular
markers (Table 3). Immunoreactivity was demon-
strated in malignant cells lining the vascular spaces
but also in isolated cells within the more epithelial-
like areas (Fig. 5¢). The markers gave a granular
or both granular and diffuse cytoplasmic staining
in positive cells. In addition BMA 120 revealed
cell membrane-staining of the neoplastic cells.

In two cases BMA 120-positivity was confined
to a restricted number of tumour cells, while a
larger population of neoplastic cells contained
FVIII-RAG and/or UEA I. Unstained tumour
cells were interspersed in all cases.

No staining was observed when primary antise-
rum was replaced by normal rabbit serum or Albu-
min.

The localization of cells positive for vascular
markers corresponded with the localization of
mAB 1u-5 positive cells. However, in some parts
of the tumour mAB lu-5 positive cells predomin-
ated in the solid foci while vascular markers were
especially expressed in the angiomatous areas. Im-
munohistological results are given in Table 3.

Based upon these findings, coexpression of epi-
thelial and vascular markers was present in 3 cases
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Table 3. Immunohistological results in malignant haemangioen-
dothelioma

case THY EMA LU-5 VIM FVIII UEAI BMA
= -0 0 + ++ ++
- - ++  +++ ++ 0 ++

- 4+t o+ o+
- = 4+t o+t o+ F

N
|

2 gsymbols explained in Table 1
0 no evaluation possible

of haemangioendothelioma indicating a close rela-
tionship to those tumours of giant cell type which
showed the same feature (Tab. 2).

Group IV

Three follicular and two papillary carcinomas in-
vestigated as controls yielded the following im-
munohistological findings: All cases uniformly
stained for thyroglobulin. Reactions were stronger
and diffuse in follicular carcinomas than in papil-
lary carcinomas. The intensity of staining varied
greatly within each tumour. In papillary carcino-
mas cytoplasmic immunoreactivity was often re-
stricted to the apical parts of the tumour cells.

EMA-positive malignant cells were found in
one follicular and one papillary carcinoma. MAB
lu-5 gave a strong reaction in all tumours.

Staining for vimentin revealed: in follicular car-
cinoma a weak cytoplasmic reaction and a marked,
predominantly granular reaction in the basal areas
of the tumour cells was observed.

In papillary carcinoma a finely granular or
spot-like reaction was seen in the basal perinuclear
areas of the cells.

Malignant cells were consistently negative for
all vascular markers while vascular endothelial
cells were clearly decorated.

Discussion

Anaplastic carcinomas (ACA) of the thyroid dis-
play a large morphological spectrum and variabili-
ty (Hedinger 1969; Noser 1985). They may show
giant cell and/or spindle cell pattern or even dis-
play sarcomatoid features. This may lead to poten-
tial confusion with sarcomas. The question of
whether ACA mostly represents anaplastic trans-
formation of better differentiated neoplasms (fol-
licular or papillary carcinoma) is controversial
(Carcangiu et al. 1985).

Stains for thyroglobulin were always negative
in the anaplastic tumour cells reflecting a loss of
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thyroglobulin synthesis. (see also Bocker et al.
1980; Permanetter et al. 1982; Carcangiu et al.
1985.) Thyroglobulin-positivity was found exclu-
sively in non-neoplastic follicles entrapped in the
tumour tissue or in foci of follicular carcinoma.
In contrast, Logmans and Jobsis (1984) reported
a focal and weak reaction for thyroglobulin in 14
of 23 morphologically undifferentiated thyroid
carcinomas.

EMA, which was first detected on human milk
fat globule membranes (Heyderman et al.1979;
Sloane and Ormerod 1981), turned out to be a
disappointing marker for ACA. Our data extend
results obtained by Pinkus and Kurtin (1985). One
tumour reacted strongly, while three stained only
weakly and focally. Seven were consistently nega-
tive and three showed positivity restricted to the
follicular carcinoma components of ACA.

Several studies have demonstrated immuno-
staining for cytokeratin in the anaplastic cells re-
gardless of shape and size (Miettinen et al. 1984;
Carcangiu et al. 1985). This finding lends strong
support to the notion that ACA is of predominant-
ly epithelial nature. In our study 14 out of 16 ACA
turned out to be positive for the panepithelial
marker mAB lu-5. This antibody seems to detect
a cytoskeleton-associated antigen (von Overbeck
et al. 1985). Five cases revealed either foci of follic-
ular carcinoma or remnants of thyroid follicles
with questionable status.

As a result these data are in line with the sug-
gestion that at least a majority of ACA is epithelial
in nature and may represent anaplastic transfor-
mation of pre-existing follicular or papillary tu-
mours.

As reported by Miettinen etal. (1984) and
Droese etal. (1984) all ACAs investigated ex-
pressed vimentin in their tumour cells. Vimentin
is the major protein of the intermediate-sized fila-
ments predominant in mesenchymal cells (Franke
et al. 1978 ; Franke et al. 1979). Vimentin-positive
cells were seen both in solid parts of the tumours
and in areas with “sarcomatous” pattern. Their
localization corresponded widely with the localiza-
tion of mAB lu-5-positive cells. This phenomenon
of coexpression, already described by Miettinen
et al. (1984), may occur in certain other instances.
A coexpression of cytokeratin type and vimentin
type intermediate filaments was also observed in
pleomorphic adenomas of the human parotid
gland (Caselitz et al. 1981; Krepler et al. 1982) and
in renal carcinoma cells (Holthofer et al. 1983).

A decisive interpretation of this phenomenon
is not possible. The first possibility, that tumour
cells might originate from nonmalignant cells
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which also coexpress mAB lu-5 and vimentin is
contradicted by the findings of Miettinen et al.
(1984): in normal thyroids and nodular goiters fol-
licular epithelial cells were negative for vimentin.

Secondly, tumour cells might originate from
mAB lu-5-positive cells which acquire the ability
to produce vimentin filaments after malignant
transformation. This interpretation may be in line
with the fact that several cultured epithelial cells
acquire the vimentin-system in addition to their
intermediate filament-type specific for the differen-
tiated cell of origin (Franke et al. 1979).

As shown by Miettinen et al. (1984) cytokeratin
and vimentin are present in the same cells. This
finding seems to rule out the possibility that ACA
might be a mixed tumour composed of both epithe-
lial and mesenchymal cells.

The complexity of ACA is extended by our re-
sults obtained with FVIII-RAG, UEAT and
BMA 120. FVIII-RAG has been shown to be pre-
sent in endothelial cells of blood vessels (Hoyer
et al. 1973; Jaffe et al. 1973; Jaffe 1977; Mukai
et al. 1980; Burgdorf et al. 1981), megakaryocytes
and platelets (Piovella et al. 1978) and mast cells
(Kindblom 1982). In contrast FVIII-RAG seems
to be undetectable in some benign and malignant
endothelial proliferations (Nadji et al. 1981; Se-
hested et al. 1981). UEA I and BMA 120 are reli-
able markers for vascular endothelium (Holthofer
et al. 1982; Miettinen et al. 1983; Borisch et al.
1983; Alles and Bosslet 1985).

Foci with the cytological and histological fea-
tures recquired for the diagnosis of malignant hae-
mangioendothelioma were present in 1 of our cases
classified as ACA of spindle cell type and in 5
of our cases of giant cell type. Interestingly 5 of
the 6 cases showed tumour cells positive for at
least two vascular markers. Tumour cells decor-
ated by the vascular markers were found both in
the angiomatous and the solid parts of the tu-
mours. In several cases FVIII-RAG-staining was
weak and only focally expressed. UEA I gave the
most reliable results with strong cytoplasmic stain-
ing in 5 cases. It is well known that a few tumours
unrelated to endothelial cells show positive reac-
tion for UEA I (Brabec et al. 1980; Holthofer et al.
1981). In addition Gonzalez-Campora et al. (1986)
reported a localized and granular supranuclear
staining in some cells of follicular carcinoma of
the thyroid. However, confusion with follicular ep-
ithelial cells could be avoided in our study because
the endothelial nature of tumour cells was con-
firmed by immunoreaction with at least one other
marker (FVIII-RAG or BMA 120).

In our hands BMA 120 gave widely differing
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results in reliability of staining. It seems possible
that the epitope detected by BMA 120 was not so
well preserved as are lectin binding sites during
tissue processing and storing.

Pfaltz et al. (1983) described FVIIT-RAG-posi-
tive tumour cells in 3 borderline cases between an-
aplastic carcinoma and haemangioendothelioma.
Two cases of anaplastic carcinoma with haeman-
gioendotheliomatous features were FVIII-RAG-
negative. Similar results are reported by Carcangiu
et al. (1985). However, as mentioned above FVIII-
RAG may yield inconsistent results and therefore
absence of staining does not preclude the endothe-
lial nature of the tumour cells investigated. Nega-
tive or weak staining may be due to lack of differ-
entiation, rapid turnover or leakage (Hosaka et al.
1985).

As shown by double immunoenzymatic label-
ling in one case, at least a part of the tumour cells
seemed to coexpress mAB lu-5 and FVIII-RAG.
Interestingly endothelial cells express the vimentin
type of intermediate filament proteins (Franke
et al. 1979). If we interpret mAB lu-5 expression
as a hint of epithelial differentiation and FVIII-
RAG expression as one of endothelial differentia-
tion, vimentin represents the common feature of
a tumour cell showing potential epithelial and me-
senchymal differentiation. In fact, vimentin was
found in all our tumours investigated.

With regard to the finding that the expression
of numerous markers may not be immutable in
any cell line (Gould 1986) it is easy to understand
that a lot of anaplastic tumours of the thyroid do
not express vascular features. The question must
be raised whether tumours of the thyroid exist with
only mesenchymal features. Malignant haeman-
gioendothelioma has been supposed to be such a
true sarcoma of endothelial origin but is still a
subject of controversy. Ultrastructural studies have
vielded contrary results (Egloff 1977; Egloff 1983;
Ruchti et al. 1984). The lack of blood group isoan-
tigens known to be cellular wall antigens of endo-
thelial cells has been reported as an argument
against the true mesenchymal nature of HAE
(Feigl et al. 1978). Recent studies could demon-
strate FVIII-RAG in some of these tumours
(Schiffer and Ormanns 1983; Pfaltz et al. 1983;
Ruchti et al. 1984). This has been suggested as
proof of the endothelial nature of HAE. However,
all studies failed to use epithelial markers to rule
out a possible epithelial nature of part of the tu-
mour cells. In our study, 3 of 4 cases classified
as HAE showed a coexpression of epithelial and
vascular markers indicating a close relationship to
anaplastic carcinoma with haemangioendothelio-
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matous features. It may be difficult to draw a clear-
cut line between HAE and ACA mimicking HAE
morphologically.

As a result it seems to be a distinctive attribute
of malignant cells of the thyroid to show transi-
tions from epithelial to mesenchymal differentia-
tion. This has already been suggested by ultrastruc-
tural and lightmicroscopical findings (Egloff 1977).
Whether this coexpression can be caused by the
variability in expression of a single malignant pop-
ulation or by two different neoplastic populations
with features of epithelial and vascular differentia-
tion has to be clarified by further studies. The first
possibility is favored by our results obtained with
double immunoenzymatic labelling. Neoplastic
populations are capable of multidirectional differ-
entiation regardless of their presumed histogenesis
(Gould et al. 1981). Our findings of coexpression
may be interpreted by the assumption that many
anaplastic tumours of the thyroid are essentially
epithelial and endothelial in nature.

Although our findings await independent con-
firmation we suggest a close histogenetic relation-
ship between anaplastic carcinoma and malignant
haemangioendothelioma of the thyroid.
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