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Summary. Using 3 polyclonal antisera directed 
against synthetic human calcitonin, we investigated 
at the electron microscope level the intra-or-extra- 
cellular fibrillar/filamentous aggregates found in 4 
amyloid-rich medullary thyroid carcinomas 
(MTC) and in a number of other endocrine poly- 
peptide tumours with or without demonstrable 
amyloid deposition. The antisera were applied by 
the immunogold procedure on ultrathin sections 
of glutaraldehyde-fixed, usually osmium-postfixed, 
tissues. In MTC cases, a strong labelling was pres- 
ent over two types of aggregates: one composed 
of rigid, criss-crossing fibrils 7-10 nm in diameter, 
suggestive of amyloid, and the other consisting of 
loosely arranged fibrils, 4-7 nm in width, often 
wavy or poorly defined. In both cases, the labelling 
was closely associated with that part of  the sec- 
tioned fibril exposed to the antiserum. Amorphous 
material was sometimes present adjacent to the lat- 
ter aggregates, but did not bind the calcitonin anti- 
bodies. In contrast, no labelling occurred over the 
amyloid deposits found in two non-calcitonin-pro- 
ducing endocrine tumours of the pancreas, nor 
over the cytoskeletal filaments stored in various 
endocrine polypeptide turnouts. The specific value 
of the labelling for calcitonin-like immunoreactivi- 
ty was assessed by control tests, such as absorption 
of the antiserum by excess calcitonin and compara- 
tive use of normal serum and antisera directed 
against human IgG and P component. No immu- 
noreactivity of the MTC amyloid fibrils was found 
using antibodies directed against katacalcin and 
human prealbumin. We conclude that in tumour 
tissues conventionally processed for electron mi- 
croscopy, MTC amyloid fibrils of  varying mor- 
phology can be selectively and specifically labelled 
for calcitonin-like immunoreactivity. 
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Introduction 

In a previous light microscope investigation of 
medullary thyroid carcinomas (MTC), we found 
an uneven staining of the amyloid stroma by the 
calcitonin antiserum (Berger et al. 1983). This find- 
ing was in accordance with observations reported 
by Arnal-Monreal et al. (1977), Mendelsohn et al. 
(1978) and Goltzman et al. (1979), although con- 
tradictory results have also been presented (Char- 
pin et al. 1982). 

The current study was carried out in order to 
localize ultrastructurally the sites involved in this 
staining, a goal that could be attained on ultrathin 
sections of 4 double-fixed MTC using the immuno- 
gold procedure. Since amyloid has been claimed 
to behave like a sponge and to adsorb immuno- 
globulins and various plasma proteins (Van de 
Kaa et al. 1986), including P component (Pepys 
et al. 1977; Skinner et al. 1980), control tests were 
carefully performed and control tissues were com- 
paratively investigated. This allowed us to answer 
two questions: 1) Is the immunoelectron micro- 
scope labelling helpful in the selective detection of 
MTC-related amyloid among other fibrillar/fila- 
mentous aggregates intra-or-extracellularly present 
in endocrine polypeptide tumours? 2) Does the la- 
belling reflect a specific calcitonin-like immunore- 
activity of the MTC amyloid fibrils? Further, in 
an attempt to better define the significance of the 
staining, additional labellings were carried out on 
the same material and on unosmicated material, 
using a) an antiserum directed against katacalcin, 
the C-terminal fragment of the calcitonin precursor 
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and b) human prealbumin antibodies, known to 
cross-react with a number of polypeptide hor- 
mones and pro-hormones (J6rnwall et al. 1981) 
and with the major protein found in senile cardiac 
(Cornwell et al. 1981) and cerebral (Shirahama 
et al. 1982) amyloid. 

Materials and methods 

Four cases of sporadic primary MTC were included in this 
study. Amyloid, characterized by affinity for Congo red, was 
present in the form of intracellular inclusions and large intersti- 
tial clumps. By the peroxidase/antiperoxidase procedure on de- 
paraffinized sections, most of the tumour cells stained for calci- 
tonin; only a few stained for somatostatin in one case and 
for ACTH in another case. The amyloid clumps variably 
stained for calcitonin only. 

Other amyloid-rich tumour tissues consisted of one pancre- 
atic insulinoma and one GRF (Growth Hormone-Releasing 
Factor) - producing carcinoid tumour of the pancreas (Berger 
et al. 1984b). At the light microscope level, no calcitonin-like 
immunoreactivity was found in these tumours. 

A number of endocrine tumours that did not contain histo- 
chemically detectable amyloid was also investigated because 
of the presence within tumour cells of abundant cytoskeletal 
filaments. This group included a bronchial carcinoid whose cells 
contained filamentous inclusions related to cytokeratins (Berger 
et al. 1984a), two duodenal carcinoids whose cells stained for 
somatostatin or gastrin and two pituitary adenomas secreting 
growth hormone or prolactin. 

Three polyclonal antisera directed to calcitonin were ob- 
tained from Dakopatts a/s (Glostrup, Denmark) (code n ° 
A 576), Milab (Malm6, Sweden) (code n ° B 10) and Calbio- 
chem-Behring (La Jolla, USA) (code n ° 869046). They were 
raised in rabbits using synthetic human calcitonin, either uncon- 
jugated (n ° A 576) or conjugated to hemocyanin (n ° B 10) or 
bovine thyroglobulin (n ° 869046). When used at the electron 
microscope level, they were optimally diluted 1:12000, 1 : 5000 
and 1:3000 respectively. The katacalcin antiserum, obtained 
from Cambridge Research Biochemicals Ltd (Cambridge, En- 
gland), was raised in rabbit using katacalcin (PDN-21) bound 
to ovalbumin. By radioimmunoassay, no cross-reactivity in 
amounts up to 100-fold more than the katacalcin concentration 
was found with human calcitonin. The working dilution was 
1 : 2000. IgG fractions of rabbit antisera directed to human pre- 
albumin (Dakopatts a/s, code n ° A 002), human P component 
(Dakopatts a/s code n ° A 302) and human IgG (Nordic Immu- 
nological Lab., Tilburg, The Netherlands) were used at a dilu- 
tion of 1 : 1000. Affinity purified goat antibodies to rabbit IgG 
coating gold particules of 10 nm or 5 nm mean diameter were 
obtained from Janssen (Beerse, Belgium). 

For electron microscopy, tissues were fixed at 4 ° C for 1 h 
in 2.5% glutaraldehyde in 0.1 M phosphate buffer pH 7.30, 
post-fixed for 1 h in 1% buffered osmium tetroxide and embed- 
ded in Epon 812. In addition, unosmicated tumour material 
was available from one patient (case 4). Ultrathin sections were 
serially cut and mounted on uncoated 300-mesh nickel grids 
for immunoelectron microscopy or directly contrasted. 

For immunogold staining the procedure was that reported 
by Varndell et al. (1982), except for the following modifica- 
tions: a) Each section of osmicated tissue was slightly etched 
(H~O2 10% for 2 rain) b) Normal goat serum used as blocking 
reagent was heat-decomplemented c) Primary antisera were ap- 
plied for 24 h at 4 ° C. 

The specificity of the labelling for calcitonin-like immunore- 
activity was assessed as follows: 
1) The primary antiserum was replaced by normal rabbit serum, 
complement-deleted or not, diluted 1 : 12000 and 1:3000, or 
by buffer. 
2) Antibodies directed to human P component or human IgG 
and antisera directed to unrelated peptides (gastrin and insulin) 
were applied instead of calcitonin antiserum. 
3) To 1 ml of calcitonin antiserum diluted 1:12000 (antiserum 
A 576) or 1:5000 (antiserum B 10), 20 gg of pure human calci~ 
tonin, from two different sources (Calbiochem-Behring; Cam- 
bridge Research Biochemicals) were added for 24 h at 4 ° C in 
presence of 0.1% bovine serum albumin. Then, the inactivated 
antiserum was applied over the sections for 24 h at 4 ° C and 
the results were compared with those obtained using the non- 
absorbed but similarly diluted antiserum kept at 4 ° C for 24 h. 

In addition, cross-absorption of the katacalcin antiserum 
was similarly investigated adding 20 gg of calcitonin to 1 ml 
of the diluted antiserum. 

Results 

Whatever calcitonin antiserum was used at the op- 
timal dilution, a strong labelling was present over 
both the secretory granules and intra-or-extracellu- 
lar aggregates of fibrils in MTC. Most of  these 
fibrils consisted of rigid nonbranching structures, 
approximately 7 -10nm thick, haphazardly ar- 
ranged in rather dense clumps highly suggestive 
of amyloid. In tumours 1 and 2, the intracellular 
fibrils formed round inclusions together with non- 
reactive, fragmented or degenerative granules and 
various cellular debris (Fig. 1 A). Some fibrils were 
stored within tumour cell vacuoles bounded by a 
non-coated membrane, or were present between 
cell organelles (Fig. 1 B). The extracellular fibrils 
made up large interstitial deposits, adjacent to non- 
labelled collagen fibers and small aggregates close- 
ly associated with deep invaginations of the tu- 
mour  cell membrane. A strong labelling also oc- 
curred over fibrils of  another type, present in all 
the cases but predominant in tumours 3 and 4. 
These fibrils were thinner (about 4-7 nm in width) 
and loosely arranged, often wavy or poorly de- 
fined. They composed intracellular bundles 
(Fig. 2A) and large extracellular clumps merging 
into areas of floccular appearance (Fig. 2B). Fi- 
brils of  both types were sometimes found together 
in the same aggregates. On enlarged micrographs, 
the labelling over the various aggregates consisted 
mainly of a single 10 nm gold particle (or two or 
three 5 nm particles) in contact with one extremity 
of each fibril segment, whereas the interfibrillar 
spaces were not labelled (Fig. 1 B and 2 A). In addi- 
tion, some areas composed of homogeneous or 
finely granular material were present between the 
tumour cells in case 4. They were usually adjacent 
to amyloid fibrillar aggregates, but, in contrast to 
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Fig. IA-C .  Immunolabelling of case 1 MTC using calcitonin antiserum code n ° A 576 and 10 nm gold. A The gold particles 
are present over an amyloid inclusion composed of criss-crossing rigid fibrils and over secretory granules, x 49 000. B Intracellular 
aggregate of typical amyloid fibrils approx. 7-10 nm in width. The gold particles are mainly associated with one extremity of 
each fibril segment, x 70000. C Absorpt ion test. The fibrils do not bind the inactivated antiserum, x 42000 



Fig. 2A-C. Immunolabelling of case 3 MTC using calcitonin antiserum code n ° B 10 and 10 nm gold. A The labelling is located 
over thin amyloid fibrils of wavy appearance, forming intracellular bundles, x 42000. B Extracellular amyloid clump. Both the 
fibrillar (arrow) and the floccular (star) areas are immunoreactive, x 55000. C A non-immunoreactive material of homogeneous 
appearance (asterisks) is present in the vicinity of strongly labelled amyloid fibrils; microfilaments stored in a cell process (bottom) 
are not labelled. CF: collagen fibrils, x 35000 
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Fig. 3A-C.  Control  tissues investigated by the calcitonin antise- 
rum code n ° A 576 and 10 nm gold. A Absence of labelling 
over amyloid deposits of mixed fibrillar and amorphous fea- 
tures found in a pancreatic insulinoma, x 40000. B No labelling 
is present over extracellular amyloid fibrils (arrow) in a GRF-  
producing pancreatic tumour, x 42000. C Absence of labelling 
over a non-amyloid, cytokeratin-related gramflo-filamentous 
inclusion found intracellularly in a bronchial carcinoid tumour. 
x 24000 
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Fig. 4. Immunolabelling of case 2 
MTC using the katacalcin 
antiserum and 10 nm gold. The 
tumour secretory granules are 
labelled, whereas the amyloid fibrils 
are not. Double fixation, x 38000 

the latter, did not show any labelling (Fig. 2C). 
Lastly, non-labelled cytofilaments could be found 
within the tumour cells but were not a prominent 
feature. They consisted of  a) microfilaments scat- 
tered diffusely within the cytoplasmic area or asso- 
ciated with microtubules b) focal deposits com- 
posed of  microfilaments and polysomes and c) lo- 
calized filaments (tonofilaments?) attached to 
junctional structures. 

A large amount  of extracellular amyloid was 
present in the insulinoma and showed a finely fi- 
brillar or a rather homogeneous appearance. In 
the GRF-producing pancreatic tumour, amyloid 
was found in the center of  acinar structures and 
intracellularly and consisted of thin dispersed fi- 
brils. In neither tumour was labelling by the calci- 
tonin antisera observed (Fig. 3 A, B). 

In the cells of  non amyloid producing endo- 
crine tumours, no labelling by the calcitonin anti- 
sera could be found over the intermediate fila- 
ments, arranged in whorls or bundles or making 

up granulofilamentous inclusion bodies (Fig. 3 C), 
nor over the finely dispersed microfilaments. 

When the calcitonin antiserum was replaced by 
normal rabbit serum, rabbit anti-human IgG anti- 
bodies, or antisera directed to unrelated peptide 
hormones, the MTC amyloid fibrils did not reveal 
any binding. Using P component antibodies, the 
result was also negative, even on unosmicated ma- 
terial. When the calcitonin antiserum was inacti- 
vated by excess calcitonin, no significant labelling 
was obtained over the MTC sections, when com- 
pared with the control sections (Fig. 1 C). 

In both osmicated and unosmicated materials, 
a strong staining by the katacalcin antiserum was 
obtained over the MTC secretory granules. The 
staining intensity was not reduced by cross-absorp- 
tion of the antiserum with calcitonin. In contrast, 
the amyloid fibrils were unreactive (Fig. 4). 

Using prealbumin antibodies, no labelling oc- 
curred over the fibrils nor over the secretory gran- 
ules. 
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Discussion 

The strong labelling that we found over MTC amy- 
loid fibrils in presence of calcitonin antisera was 
quite unexpected, since no similar immunoreactivi- 
ty has been mentioned in previous investigations 
of such tumours by post-embedding immunoelec- 
tron microscopy. However, reagents and proce- 
dures adopted in most of  these studies differed 
from the current ones, including the use of peroxi- 
dase (Charpin et al. 1983) or 20 nm gold (Dfimm- 
rich et al. 1984) and/or brief incubations of poorly 
diluted antisera (Charpin et al. 1983; D/immrich 
et al. 1984; Suzuki et al. 1985). In our experience, 
the use of 10 nm or 5 nm gold (a particulate label 
not so prone to steric hindrance problems as the 
large-sized particles) is essential to obtain a clear- 
cut staining of the fibrils. In preliminary investiga- 
tions, carried out by the peroxidase antiperoxidase 
method or by the 20 nm or 40 nm immunogold 
procedure, we too were unable to recognize the 
staining of MTC amyloid fibrils, considering it to 
be a DAB diffusion artefact or an excess of back- 
ground labelling. In fact, the present procedure is 
very similar to that used by Sikri et al. (1985) to 
investigate two MTC, but these authors did not 
mention the presence of amyloid in the sections. 
However, our results can be compared with those 
obtained by Huang et al. (1978), who investigated 
one MTC by the indirect ferritin pre-embedding 
method; indeed, particles of ferritin were demon- 
strated at the peripheral zone of cytoplasmic amy- 
loid inclusions, but no labelling was present over 
the extracellular amyloid. This may be due to inad- 
equate penetration of the label. Further, although 
our results were similar using any of the three calci- 
tonin antisera, we cannot exclude that some anti- 
sera directed against this peptide may fail to stain 
MTC amyloid, because of the region specificity 
or other biological characteristics. 

In contrast, we did not find any labelling over 
control fibrillar/filamentous structures, that is, the 
amyloid in non-calcitonin-secreting endocrine tu- 
mours and cytoskeletal filaments present in endo- 
crine polypeptide tumours (including MTC). Since 
the procedure allows conventional fixation and 
processing of tissues and results in fairly good ul- 
trastructural morphology, it appears to be useful 
as a diagnostic tool to detect and localize MTC- 
related amyloid fibrils. Moreover, the immunologi- 
cal nature of  the labelling, indicating a specific cal- 
citonin-like immunoreactivity, was strongly sug- 
gested by a number of control tests, such as ab- 
sorption of the primary antisera with synthetic hu- 
man calcitonin or comparative use of non-immune 

rabbit serum and rabbit anti-human IgG anti- 
bodies. These tests, together with the use of highly 
diluted calcitonin antisera, exclude a confusion 
with a non-specific trapping by the fibrils of  either 
an unrelated plasma component or one of the 
staining reagents. Our failure to detect P compo- 
nent, a serum glycoprotein present in saline ex- 
tracts of  all amyloids including that of  MTC (Slet- 
ten et al. 1976) in this material, is probably related 
to the post-embedding methodology since Breath- 
nach et al. (1983) were able to detect it in localized 
cutaneous amyloidosis, using the pre-embedding 
method. However, our results are consistent with 
what is known regarding the chemical composition 
of MTC amyloid. As demonstrated by Sletten et al. 
(1976), the fibrils consist of  a major protein includ- 
ing an amino-acid sequence of 11 residues corre- 
sponding to residues 9 to 19 of human calcitonin. 
This unidentified protein, designated AEt, is con- 
sidered as a calcitonin precursor or fragment of  
precursor, because it is much larger than the hu- 
man hormone. The common amino-acid sequence 
may account for the property of MTC amyloid 
to cross-react with a number of calcitonin antisera 
in both immunochemical (Takahashi et al. 1977) 
and immunocytochemical investigations. 

In contrast, even in unosmicated tissue, the 
amyloid fibrils of  MTC did not bind the antibodies 
directed to katacalcin or human prealbumin. Since, 
in agreement with Sikri et al. (1985), we found a 
strong staining of the secretory granules for kata- 
calcin, the C-terminal sequence of the human calci- 
tonin precursor is probably not represented (or is 
significantly modified or masked) in the AEt pro- 
tein. Our failure to stain either the secretory gran- 
ules or the amyloid deposits of  MTC for human 
prealbumin is consistent with the light microscope 
immunocytochemical findings of  Bussolati et al. 
(1984). These negative results do not favour the 
presence of  any significant sequence homology be- 
tween this serum protein and the calcitonin-related 
peptides (including AEt) stored in MTC. 

Finally, our results indicate a morphological 
heterogeneity of amyloid fibrils in MTC. In addi- 
tion to typical deposits, characterized by criss- 
crossing rigid fibrils 7-10 nm in width, we found 
aggregates of rather wavy fibrils, measuring 
4-7 nm in width, making up intracellular bundles, 
or loosely arranged in the extracellular spaces, in- 
cluding areas of  floccular appearance. Since the 
latter structures were also present in conventional 
sections, they could not represent etching artefacts. 
Variations in fibril morphology have been noted 
in systemic or localized amyloidosis (Glenner et al. 
1974; Glenner 1980). The differences in fibril width 
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seem to depend on the state of lateral aggregation 
of protofibrils, as suggested by high resolution mi- 
croscopy of extracted amyloid (Cohen and Shira- 
hama 1973). Wavy fibrils of small diameter, 
thought to be protofibrils, have been extracted 
from amyloid of human pancreatic islets (Wester- 
mark et al. 1977) and extractions from MTC amy- 
loid resulted in somewhat similar material (Wester- 
mark 1975). Considering that both types of fibril 
were equally immunoreactive, our results suggest 
a strong similarity, if not identity, of the respective 
major proteins, and, thus, are consistent with the 
protofibril-fibril concept. However, the reasons 
that govern the predominance of one type of fibril 
in each tumour and the various patterns of fibrillar 
organization are unclear. The amorphous or finely 
granular material closely associated with some ag- 
gregates of thin fibrils raises another problem, 
since it did not bind the calcitonin antibodies. A 
morphologically similar material has been pre- 
viously noted within MTC cells (Charpin et al. 
1982) and may also represent a large component 
of the extracellular arnyloid produced by human 
islets of Langerhans (Westermark 1977) and hu- 
man insulinomas (see one of our control cases). 
Although Westermark suggested that in islet amy- 
loid this material may consist of fibrils too thin 
to be visualized by conventional electron microsco- 
py, the present data indicate that in MTC it may 
differ in chemical composition (or nature) from 
the amyloid fibrils. 

Acknowledgments. We wish to thank Ms J. Adobati and Ms 
N. Gintran for their technical assistance and Mr J. Carew for 
his help in translating the manuscript. 

References 

Arnal-Monreal FM, Goltzman D, Knaack J, Wang NS, Huang 
SN (1977) Immunohistologic study of thyroidal medullary 
carcinoma and pancreatic insulinoma. Cancer 
40:1060-1070 

Berger G, Berger N, Bancel N, Bouvier R, Feroldi J (1983) 
Diagnostic value of immunocytochemical data in medullary 
thyroid carcinoma (MTC). Path Res Pract 178:111 (Ab- 
stract) 

Berger G, Berger F, Bejui F, Bouvier R, Rochet M, Feroldi 
J (1984a) Bronchial carcinoid with fibrillary inclusions re- 
lated to cytokeratius: an immunohistochemical and ultra- 
structural study with subsequent investigation of 12 foregut 
APUDomas. Histopathology 8:245-257 

Berger G, Trouillas J, Bloch B, Sassolas G, Berger F, Partensky 
C, Chayvialle JA, Brazeau P, Claustrat B, Lesbros F, Girod 
C (1984b) Multihormonal carcinoid tumor of the pancreas 
secreting growth hormone-releasing factor as a cause of ac- 
romegaly. Cancer 54:2097-2108 

Breathnach SM, Melrose SM, Bhogal B, De Beers FC, Black 
MM, Pepys MB (1983) Ultrastructural localization of amy- 

loid P component in primary localized cutaneous amyloid- 
osis. Clin Exp Dermatol 8:355-362 

Bussolati G, Papotti M, Sapino A (1984) Binding of antibodies 
against human prealbumin to intestinal and bronchial carci- 
noids and to pancreatic endocrine tumours. Virchows Arch 
[Cell Pathol] 45 : 15-22 

Charpin C, Andrac L, Monier-Faugere MC, Hassoune J, Can- 
noni M, Vagneur JP, Toga M (1982) Calcitonin, somatosta- 
tin and ACTH immunoreactive cells in a case of familial 
bilateral thyroid medullary carcinoma. Cancer 
50:1806-1814 

Charpin C, Argemi B, Cannoni M, Oliver C, Gillioz P, Vagneur 
JP, Toga M (1983) Dbtection immunocytochimique de calci- 
tonine, d'ACTH de fl-MSH, de fl-endorphine et de somato- 
statine dans les carcinomes mbdullaires de la thyroide. Etude 
en immunoperoxidase (PAP, ABC) de 10 cas. Ann Pathol 
4:27-35 

Cohen AS, Shirahama T (1973) Electron microscopic analysis 
of isolated amyloid fibrils from patients with primary, sec- 
ondary and myeloma-associated disease. A study utilizing 
shadowing and negative staining techniques. Israel J Med 
Sci 9:849-856 

Cornwell GG, Westermark P, Natvig JB, Murdock W (1981) 
Senile cardiac amyloid: evidence that fibrils contain a pro- 
tein immunologically related to prealbumin. Immunology 
44: 447-452 

D/immrich J, Ormanns W, Schfiffer R (1984) Electron micro- 
scopic demonstration of calcitonin in human medullary car- 
cinoma of thyroid by the immuno gold staining method. 
Histochemistry 81:369-372 

Glenner GG, Eanes ED, Bladen HA, Linke RP, Termine JD 
(1974) fl-pleated sheet fibrils; a comparison of native amy- 
loid with synthetic protein fibrils. J Histochem Cytochem 
22:1141-1158 

Glenner GG (1980) Amyloid deposits and amyloidosis. The 
fl-fibrilloses. New Engl J Med 302:1333-1343 

Goltzman D, Huang SN, Browne C, Solomon S (1979) Adreno- 
corticotropin and calcitonin in medullary thyroid carcino- 
ma: frequency of occurrence and localization in the same 
cell type by immunocytochemistry: J Clin Endocrinol Metab 
49 : 364-369 

Huang SN, Goltzman D (1978) Electron and immunoelectron 
microscopic study of thyroidal medullary carcinoma. Can- 
cer 41:2226-2235 

J6rnvall H, Carlstr6m A, Pettersson T, Jacobsson B, Persson 
M, Mutt V (1981) Structural homologies between prealbu- 
min, gastrointestinal prohormones and other proteins. Na- 
ture 291:261-263 

Mendelsohn G, Eggleston JC, Weisburger WR, Gann DS, Bay- 
lin SB (1978) Calcitonin and histaminase in C-cell hyperpla- 
sia and medullary thyroid carcinoma. Am J Patho192:35-52 

Pepys MB, Dash AC, Munn EA, Feinstein A, Skinner M, Co- 
hen AS, Gewurz H, Osmand AP, Painter RM (1977) Isola- 
tion of amyloid P component (protein AP) from normal 
serum as a calcium-dependent binding protein. Lancet 
1 : 1029-1031 

Shirahama T, Skinner M, Westermark P, Rubinow A, Cohen 
AS, Brun A, Kemper TL (1982) Senile cerebral amyloid. 
Prealbumin as a common constituent in the neuritic plaque, 
in the neurofibrillary tangle, and in the microangiopathic 
lesion. Am J Pathol 107:41-50 

Sikri KL, Varndell IM, Hamid QA, Wilson BS, Kameya T, 
Ponder BAJ, Lloyd RV, Bloom SR, Polak JM (1985) Med- 
ullary carcinoma of the thyroid. An immunocytochemical 
and histochemical study of 25 cases using eight separate 
markers. Cancer 56:2481-2491 

Skinner M, Pepys MB, Cohen AS, Heller LM, Lian JB (1980) 



G. Berger et al. : Calcitonin-like immunoreactivity of amyloid fibrils in medullary thyroid carcinomas 551 

Studies on amyloid protein AP. In: Glenner GG, Costa 
PP, Freitas F (eds) Amyloid and amyloidosis. Excerpta Me- 
dica, Amsterdam, pp 384-391 

Sletten K, Westermark P, Natvig JB (1976) Characterization 
of amyloid fibril proteins from medullary carcinoma of the 
thyroid. J Exp Med 143:993-998 

Suzuki T, Ito S, Yamada Y, Matsuzuka F, Matsubayashi S, 
Miyauchi A (1985) Ultrastructural demonstration of calci- 
tonin in osmium-fixed human medullary carcinoma of thy- 
roid by the protein A colloidal gold technique. Virchows 
Arch [Pathol Anat] 407 : 407-417 

Takahashi N, Page D, Inagami T, Tashjian A (1977) Character- 
ization of amyloid associated peptides from medullary thy- 
roid carcinoma. Fed Proc 36:369 (Abstract) 

Van de Kaa CA, Hol PR, Huber J, Linke RP, Kooiker CJ, 
Gruys E (1986) Diagnosis of the type of amyloid in paraffin 

wax embedded tissue sections using antisera against human 
and animal amyloid proteins. Virchows Arch [Pathol Anat] 
408 : 649-664 

Varndell IM, Tapia F J, Probert L, Buchan AM J, Gu J, De 
Mey J, Bloom SR, Polak JM (1982) Immunogold staining 
procedure for the localisation of regulatory peptides. Pep- 
tides 3 : 259-272 

Westermark P (1975) Amyloid of medullary carcinoma of the 
thyroid: partial characterization. Upsala J Med Sci 
80: 88-92 

Westermark P (1977) Amyloid of human islets of Langerhans. 
II. Electron microscopic analysis of isolated amyloid. Vir- 
chows Arch A Pathol Anat and Histol 373:161-166 

Accepted January 15, 1988 


