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Secretogranin IV immunoreactivity in medullary thyroid carcinoma:
an immunohistochemical study of 62 cases
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Abstract. The presence and intracellular distribution of
secretogranin IV (Sg V) was determined on light micro-
cop by the avidin-biotin peroxidase complex method
with the monoclonal antibody (mAb) Hisl-19 in normal
and hyperplastic C-cells, in 62 primary medullary thyroid
carcinomas (MTCs) and in 17 MTCs in tissue from
synchronous and/or metachronous lymph node metas-
tases and in one liver metastasis. Sg IV immunoreactivity
was present in almost all normal-looking and hyperplas-
tic C-cells, in 59 of 62 (96%) of the primary tumours, in
18 of 26 (69%) lymph node metastases and in distant
mestastasis. Sg IV reactivity ranged from small foci of
positive tumour cells to a reaction in virtually every
malignant cell. Two different staining patterns were ob-
vious: a granular cytoplasmic reactivity and a peri-
nuclear cluster-type signal. Normal-appearing and hyper-
plastic C-cells were characterized by a uniform granular
staining often coexisting with discrete cluster-type im-
munoreactivity. Various combinations of these staining
patterns were observed in C-cell carcinomas. The pure
cluster-type reactivity was restricted to malignant C cells
and was not detected in normal-appearing and hyper-
plastic C-cells. In serial sections immunohistochemical
results for Sg IV, calcitonin (Ct) and chromogranin A
(Cg A) showed only partial correlation. Depending on
the area of the tumour chosen, immunohistochemical
reactivity for Ct and Cg A might not be demonstrated in
neoplastic C-cells, while staining for Sg IV was retained.
The amout and type of Sg 1V reactivity of MTCs was not
correlated with the biological behaviour of the tumours.
These results indicate that mAb Hisl-19 is an excellent
marker for normal, hyperplastic and neoplastic C-cells.
MAD Hisl-19 is especially useful in cases with weak or
questionable reactivity for Ct and Cg A. The switch from
the granular pattern to the perinuclear distribution seems
to indicate a malignant transformation of C-cells and
might prove useful as an additional diagnostic clue.
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Introduction

In a recently published classification of acidic proteins
associated with secretory granules the protein specifically
recognized by monoclonal antibody (mAb) Hisl-19 was
referred to as secretogranin IV (Sg IV; Huttner et al.
1991). It shares many biochemical and molecular key
features with the chromogranin family, but differs from
chromogranin (Cg) A, Cg B and Sg I in tissue distribu-
tion, apparent molecular weight and isoelectric point
(Krisch et al. 1988). Previous reports have described a
widespread Sg IV immunoreactivity in cells and neo-
plasms of the dispersed neuroendocrine system (Bordi et
al. 1988; Krisch et al. 1986; Srikanta et al. 1986; Wirns-
berger et al. 1992). Sg IV has also been demonstrated in
normal and hyperplastic C-cells (Neuhold et al. 1989) as
well as in a small series of C-cell carcinomas (Deftos et
al. 1988).

The aim of the present study was to extend the analy-
sis of Sg IV immunoreactivity to a larger series of pri-
mary and metastatic neoplastic C-cell lesions (MTCs).
Therefore the amount and pattern of Sg IV immunoreac-
tivity were compared with Cg A and calcitonin (Ct)
reactivity and to the outcome of disease. Additionally,
apparently normal C-cells in extratumoral thyroid tissue
in sporadic MTCs and hyperplastic C-cells of familial
MTCs were studied.

Materials and methods

The study material consisted of formalin-fixed (8%) paraffin — or
paraplast — embedded archival tissue from 62 cases of primary
medullary carcinomas, available from the files of the Department
of Clinical Pathology, University of Vienna School of Medicine.
According to Harach et al. (1992) only tumours exhibiting a positiv-
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Fig. 1. C-cell hyperplasia: double immuno-
staining for secretogranin (Sg) IV (a) and
calcitonin (b): most of the calcitonin-positive
cells showed Sg IV immunoreactivity; only
very few cells remained unstained ( x 120).
Sg IV staining patterns: intense granular
staining in an occult, familial medullary thy-
coid carcinoma (MTC; ¢). Exclusively Gol-
gi-related paranuclear signal in a primary
MTC (d). Combined cluster and granular
pattern in the accompanying lymph node
metastasis (e). Avidin-biotin peroxidase
complex technique (c, d x 40; e x 100)




ity to Ct or Cg A of at least 1% of the cells were accepted as C-cell
carcinomas and included in this study. Forty-six tumours were of
the sporadic type and 16 tumours represented the familial form. Six
MTCs were smaller than 1 cm (stage pT1). Twenty-six lymph node
metastases from 17 cases were studied. Tissue from one liver metas-
- tasis was also used. The patients were followed up until September
1992, and in all cases with a fatal outcome deaths from MTC were
identified.

Tumour blocks were cut serially and stained with haematoxylin
and eosin and the alkaline congo-red stain for the identification of
amyloid. Immunohistochemical staining for Ct, Cg A and Sg IV
was performed by the avidin-biotin peroxidase complex technique
(Hsu et al. 1981). The anti-Ct antibody used was purchased from
Chemicon (Germany; preabsorbed with thyroglobulin); the anti-
Cg A antibody MU 137-UC was from Biogenex (USA); and the
Hisl-19 antibody was kindly supplied by Dr. G.S. Eisenbarth, Joslin
Diabetes Center, Boston, Massachusetis. As a negative control
non-immune serum was substituted for the primary antibody, while
C-cells from tumour-free areas and normal human pancreas served
as positive control. The results with each antibody were assessed
semiquantitatively and graded as (—)=absent, (+)=isolated
tumour cells positive, (+ +)=moderate to strong focal positivity
and (+ + +)=majority of tumour cells positive.

Double immunostaining for calcitonin and Sg IV was carried
out in two cases with C-cell hyperplasia as described by Scopsi
(1990) to determine whether all C-cells express Sg IV immunoreac-
tivity. Briefly, the sections were first stained for Sg IV with Hisl-19
antibody and the PAP procedure using 3-amino-9-ethylcarbazole as
substrate. After selected areas were photographed the red reaction
product was removed with alcohol, and Ct immunoreactivity was
shown by avidin-biotin/alkaline phosphatase complex and develop-
ment with fast blue BB/naphtol AS-BI phosphate. Identical fields
that had been previously recorded were photographed (Fig. 1a, b).

Results

Sg IV immunoreactivity was seen in various combina-
tions of the cluster-type and the granular pattern as
described by Bordi et al. (1988). Coarse immunoreactive
aggregates in a perinuclear position representing the clus-
ter-type pattern can be differentiated from fine-granular
cytoplasmic staining. The two patterns were often found
to coexist within the same cell and the cluster type tended
to be masked in cells with strong granular cytoplasmic
positivity.

Almost all normal-looking C-cells in extratumoral
areas of sporadic carcinomas as well as most of the
hyperplastic C-cells in familial cases showed a more or
less marked granular cytoplasmic Sg IV immunoreactiv-
ity. Concomitant cluster-type staining was observed in a
considerable percentage of normal looking C-cells, but
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a pure cluster-type never appeared. The follicular epi-
thelium was consistently negative.

Fifty-nine of the 62 primary tumours, 18 of 26 lymph
node metastases and the liver metastasis showed variable
degrees and patterns of Sg IV immunoreactivity ranging
from a few to virtually all cancer cells. In 45 of the
primary tumours and in 10 lymph node metastases a
mixed granular and cluster type Sg IV signal was seen.
Predominant granular staining was present in 11 of the
16 familial cases, in 17 of the 46 sporadic ones and in 8§
of 26 nodal metastases. MTCs of stage pT1 expressed
marked granular immunostaining in 5 of 6 cases, while
one tumour measuring less than 1 cm in diameter showed
the cluster type only. A pure cluster type was observed
in 14 primary and in 7 metastatic lesions. In 9 of 17 cases
the extent and pattern of Sg IV immunostaining of the
lymph node metastases differed from the respective pri-
mary tumour. In contrast with exlusively cluster-type
positive primary lesions, an intense granular staining
pattern was recognized in their lymph node metastases
(2 cases).

In Table 1 the intensity of Sg IV immunostaining and
the number of Sg IV positive tumours are compared with
the results of the immunohistochemical detection of Ct
and Cg A. The evaluation of serial sections only showed
colocalization of Sg IV, Cg A and Ct in significat frac-
tions of the neoplastic cells in about one third of all cases.
In some MTCs complementary results for Sg IV, Cg A
and Ct were observed (Fig. 2a—c). Generally Cg A and
Ct immunostaining was present in a greater proportion
of the neoplastic cells than Sg IV immunoreactivity. Five
primary tumours and two lymph node metastases
showed intense Sg IV immunoreactivity in the majority
of the tumour cells while immunostaining for Cg A and
Ct vielded only a few scattered, weakly positive cells
(Fig. 2d-f).

By the end of this study 12 of 62 patients had died as
a direct consequence of MTC. The comparison of the
type and/or score of Sg IV immunoreactivity with the
biological of behaviour of MTCs revealed no correlation.

Discussion

The immunohistochemical results of the present study
confirm that Sg IV immunoreactivity, detected by the
mAb Hisl-19, is present in C-cells and in most MTCs

Table 1. Comparison of secretogranin (Sg) IV, chromogranin (Cg) A and calcitonin (Ct) immunoreactivity in primary and metastatic C-cell

carcinomas
Sg IV Cg A Ct
Intensity - + + + +++ - + + + +++ - + + + ++ +
Familial 1 3 1 11 0 1 4 11 0 1 5 10
n=16
Sporadic 2 14 18 12 1 15 17 13 1 13 15 17
n=46
Metastases 8 6 7 5 0 8 9 9 0 9 9 8

n=26
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Fig. 2. Serial sections of a primary medullary thyroid carcinoma (a—¢ x 25) with almost complementary distribution of secretogranin (Sg)
IV (a) and chromogranin (Cg) A (b) and calcitonin (Ct; ¢). Accompanying lymph node metastasis (d—f x 160) with intense Sg IV (d)
immunostaining. Only a few neoplastic cells were weakly reactive for Cg A (e) or Ct (f). Avidin-biotin peroxidase complex technique

(Deftos et al. 1988; Neuhold et al. 1989). The granular
Sg IV immunostaining is assigned to cytoplasmic secreto-
ry granules similar to those demonstrated previously for
Cg A (Varndell et al. 1985). Our colocalization experi-
ments with Cg A are indirect evidence that the absence

of the granular staining pattern of Sg 1V is not commonly
associated with degranulation of the tumour cells, but is
consistent with a deficient or considerably reduced ag-
gregation in the secretory granules of neoplastic C-cells.

A peculiar feature of Sg IV is the cluster-type im-



munoreactivity corresponding mainly to the Golgi region
at the ultrastructural level (Bordi et al. 1988; Krisch et
al. 1988). A combination of the two basic staining pat-
terns was observed in normal-appearing and neoplastic
C-cells. Loss of granular staining with Sg IV in MTCs
was in part combined with a retained Golgi-type signal.
In C-cells this phenomenon seems to be associated with
neoplastic transformation. We detected no normal-look-
ing or hyperplastic C-cells that solely exhibited the clus-
ter type of Sg IV immunoreactivity, while 14 of 62 MTCs
demonstrated a pure cluster-type staining pattern.

In our series of MTCs neither the staining pattern nor
the cell differentiation correlated with the biological be-
haviour of the carcinomas, contrasting previous findings
in endocrine pancreatic tumours (Bordi et al. 1988).
Comparison of the results for Sg IV, Cg A and Ct con-
firms that these substances are regular constituents of
normal looking and hyperplastic C-cells. Nevertheless,
colocalization studies showed appreciable differences in
the distribution of these peptides in C-cell carcinomas.
Our findings parallel immunohistochemical data ob-
tained for Cg A, Cg B and Sg II in MTCs (Schmid et al.
1992).

The observed heterogeneities may reflect different
biosynthesis and intracellular processing of distinct
members of the chromogranin/secretogranin family
(Cetin and Grube 1990) but other reasons such as mask-
ing or post-translation modification of the immunoreac-
tive epitopes cannot be excluded. Recent data suggest
that chromogranins/secretogranins and their proteolytic
products are involved in the regulation of packaging,
processing and secretion of peptide hormones (for re-
views see Huttner et al. 1991). The biological function of
the chromogranins/secretogranins in normal and neo-
plastic C-cells remains to be established by further stud-
ies.

The sensitivity of 96% for the Sg IV immunoreactivity
in MTCs based on the present study confirms the useful-
ness of the mAb Hisl-19. Tt is an excellent histopathologi-
cal marker for C-cell carcinomas both in their primary
and metastatic stages. The different distribution of Sg IV
compared to Cg A and Ct suggests a practical signifi-
cance for the classification of thyroid tumours with weak
or questionable immunoreactivity. The mAb Hisl-19
should be added to the standard antibody panel for the
immunohistochemical characterization of MTCs.
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