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Abstract In the endocrine pancreas, chromogranins A
and B as well as secretoneurin (a biologically active pep-
tide processed endoproteolytically from secretogranin II)
are most intensely expressed in alpha (glucagon) cells.
We examined whether the functional status of neoplastic
and nonneoplastic human alpha cells is reflected in the
expression patterns of chromogranins/secretogranins.
Neoplastic alpha cells were analysed immunocytochemi-
cally in six functioning glucagonomas and 37 nonfunc-
tioning neuroendocrine tumours (29 with alpha cells) for
their immunoreactivity to chromogranin A and B, as well
as secretoneurin. There was no difference in the staining
intensity for either peptide between glucagonomas and
nonfunctioning, alpha cell containing tumours. Nonneo-
plastic alpha cells from patients with a functioning
glucagonoma showed a decreased glucagon immunore-
activity, whereas the expression of chromogranin A (but
not chromogranin B and secretoneurin) was as intense as
in alpha cells not associated with glucagonoma syn-
drome. These results suggest that the expression of
chromogranins/secretogranins in neoplastic alpha cells
of the pancreas may be independently regulated from the
cells’ functional status. In nonneoplastic alpha cells there
seems to be an association between glucagon production
and chromogranin B and secretoneurin expression.
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Introduction

Chromogranins A and B and secretogranin (chromogranin
C; for nomenclature see [8]) are acidic proteins widely
distributed in a variety of neuroendocrine and neuronal
tissues of vertebrate species including man. The function
of these proteins is not yet known but they are thought to
be involved in stabilization of the neuroendocrine granule
structure and packaging of hormones. In addition, they
may serve as prophormones of more active proteolytic
cleavage products [10, 15, 16, 341].

In the normal human pancreas chromogranins A and
B and secretogranin Il have been demonstrated in the
glucagon producing alpha cells {3, 13, 20, 22, 23, 26, 27,
31, 33]. On the light microscopical level the insulin pro-
ducing beta cells showed also immunoreactivity for
chromogranin A [13, 20, 22, 27, 33], but Varndell et al.
were unable to confirm these findings at the ultrastruc-
tural level. Conflicting results were also reported for so-
matostatin producing delta cells and pancreatic polypep-
tide (PP) cells [13, 22, 23, 27, 31, 33].

Chromogranin A has been found in the majority of
hormonally functioning as well as hormonally nonfunc-
tioning neuroendocrine tumours of the pancreas [3, 4, 5,
7, 14, 18, 20, 21, 26, 32, 33]. Chromogranin B and se-
cretogranin II have been immunolocalized in insulin-
omas [33]. In view of the strong expression of
chromogranin A and, to a lesser extent also
chromogranin B and secretogranin II, in alpha cells, the
present study investigates the status of these three pro-
teins in both functioning glucagonomas (glucagonomas
associated with a glucagonoma syndrome [14, 19, 24]
and nonfunctioning neuroendocrine pancreatic tumours
with glucagon cells. Concomitantly, the immunoreactivi-
ty of chromogranins/secretogranins was also assessed in
the alpha cells of islets outside the functioning
glucagonomas and compared to that of alpha cells of is-
lets adjacent to nonfunctioning tumours with glucagon
production.
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Materials and methods

Formalin-fixed and paraffin embedded tissues from six
glucagonomas of the pancreas associated with the glucagonoma
syndrome and 29 nonfunctioning pancreatic neuroendocrine tu-
mours with immunocytochemically detectable alpha cells from 20
patients [including 13 pancreatic tumours from five patients with a
multiple endocrine neoplasia (MEN)-I syndrome] and eight non-
functioning tumours from eight patients without any glucagon cells
were retrieved from the normal and consultation files of the De-
partment of Pathology, University of Miinster, Germany, the De-
partment of Pathology, Free University of Brussels, Belgium, and
the Department of Pathology, University of Zurich, Switzerland. In
each case at least one tumour block and one block with normal
pancreatic tissue were available for immunocytochemical studies.
Serial sections were cut from all blocks at a thickness of 4 um and
mounted on protein coated glass slides.

The monoclonal antibody against chromogranin A was pur-
chased from BioGenex (San Ramon, Calif., USA). The generation
of the chromogranin B antibody against a synthetic peptide
present in the amino acid sequence of human chromogranin B
(amino acids 306-326; designated as DK-21) has been described
previously [27]. As to the secretoneurin antibody, a peptide corre-
sponding to rat secretogranin II amino acids 154-186 [12] was
synthesized by standard solid phase to t-BOC chemistry and puri-
fied by reversed phase HPLC. The synthetic peptide (designated as
secretoneurin [17] was coupled via an additional N-terminal
cysteine to maleimide activated keyhole limpet hemocyanin. Sub-
sequently rabbits were immunized following a standard protocol
[9]. The antiserum was characterized in detail previously [17].
This anti-rat secretoneurin antiserum cross-reacts with human se-
cretoneurin as there is only one amino acid substitution between
these species.

Additionally the tissues were immunostained with antibodies
against GLP-1 and GLP-2 (generous gift of Professor Julia M.
Polak, London, UK [14], glucagon, insulin, somatostatin, and PP.
The latter four antibodies were purchased from Dakopatts (Copen-
hagen, Denmark).

For immunohistochemical staining following dewaxing of the
sections in xylene and rehydration in a series of alcohols, the pri-
mary antibodies (Ab) were applied overnight at 4° C in a humidi-
fied chamber (dilutions in bovine serum albumin: chromogranin A
Ab 1:800, chromogranin B and secretoneurin Ab 1:2000; GLP-1
and GLP-2 Ab 1:1000, glucagon Ab 1:2500, insulin Ab 1:5000,
somatostatin Ab 1:5000, PP Ab 1:10000), followed by a goat-anti-
mouse or goat-anti-rabbit bridging Ab (1:30 in phosphate buffered
saline (PBS); 30'min at room temperature; Dako, Copenhagen,
Denmark) and a polyclonal mouse- or rabbit-alkaline phosphatase
antialkaline phosphatase (APAAP)-complex (1:100 in PBS; 60
min at room temperature; Dianova, Hamburg, Germany). The
bridging Ab and the APAAP complex were applied on a semi-au-
tomatic immunostaining device (“Omnibus”; Quartett, Berlin,
Germany). Subsequently the enzyme reaction was developed for
25 min at room temperature in a freshly prepared newfuchsin solu-
tion containing naphthol-biphosphate. Finally the sections were
counterstained with haematoxylin and mounted in Kayser’s glyc-
erine gelatine. Omission of primary Ab was used as negative, nor-
mal adrenal medulla as positive controls for chromogranins and
secretoneurin.

Results

All six glucagonomas stained for glucagon and GLP-2,
whereas only two of six glucagonomas were positive for
GLP-1. Four of the glucagonomas contained also PP im-
munoreactive cells. Among the 37 nonfunctioning neuro-
endocrine tumours, 29 showed glucagon and with two ex-
ceptions GLP-2 cells. GLP-1 cells were only seen in 6 of

Fig. 1a, b Functional glucagonoma with (a) focal glucagon and
(b) chromogranin A immunoreactivity on serial sections. X100

these tumours. Twenty-one of the 29 tumours which
came from ten patients (five with the MEN-1 syndrome)
were rich in glucagon cells (>50% of tumour cells), while
in the remaining eight tumours less than 30% of the tu-
mour cells stained for glucagon. Thirty of the 37 non-
functioning tumours stained for PP. The tumours from the
five MEN-1 patients and four other patients also con-
tained some somatostatin and insulin cells.

Chromogranin A and B was present in all tumours,
while secretoneurin was lacking in three. Serial sections
revealed that chromogranin A labelled most glucagon
positive cells of functioning glucagonomas as well as
nonfunctioning tumours (Fig. 1), while chromogranin B
stained glucagon positive as well as most glucagon nega-
tive tumour cells. Secretoneurin showed an inconsistent
pattern with regard to glucagon positive cells. Function-
ing glucagonomas and nonfunctioning tumours did not
differ in chromogranin/secretoneurin immunoreactivity
patterns. No correlation was found between GLP-I/GLP-

Fig. 6a—c Serial sections from a functioning glucagonoma show-
ing (a) uneven chromogranin A immunoreactivity, (b) uniform
chromogranin B immunoreactivity and (c) faint secretoneurin im-
munoreactivity. x180



Fig. 2 Functioning
glucagonoma showing a solid
pattern and scattered
chromogranin A immunoreac-
tive cells. X250

Fig. 3 Chromogranin B immu-
noreactivity in a functioning
glucagonoma with trabecular
pattern. x100

Fig. 4 Chromogranin B immu-
noreactivity in a nonfunction-
ing endocrine pancreatic tu-
mour. Most tumour cells are
stained. X250

Fig. 5 Functioning
glucagonoma with trabecular
pattern; scattered secretoneurin
immunoreactive cells. x125

129




Fig. 7a, b Nonfunctioning pancreatic endocrine tumour showing
mirror immunostaining for (a) chromogranin A and (b) secret-
oneurin. X100

2 expression and the chromogranin/secretoneurin stain-
ing patterns.

Chromogranin A was predominantly localized in ar-
eas with a trabecular pattern and less frequent in solid tu-
mour areas (Fig. 2). Moreover, its staining intensity var-
ied from area to area within the same tumour (Figs. 6a,
7a). In contrast chromogranin B positivity was more
evenly distributed within the tumours and found with all
growth patterns (Figs. 3, 4, 6b). Secretoneurin, was usu-
ally less intense expressed that the other chromogranins
(Figs. 5 and 6c¢). In some tumours associated with the
MEN-I syndrome small tumour foci were strongly posi-
tive while the surrounding negative tissue stained for
chromogranin A (Fig. 7).

In most islets of the nontumour pancreatic tissue adja-
cent to functioning glucagonomas the glucagon immuno-
reactivity was found to be distinctly decreased when
compared to islets from pancreases containing a non-
functioning tumour (Fig. 8a, ¢). A similar pattern was
recognized for the chromogranin B and secretoneurin
staining intensity (data not shown). The chromogranin A
immunoreactivity, however, remained unchanged, re-
gardless from where the alpha cells came from (Fig. 8b,
d), Beta cells, in contrast to alpha cells, showed only a
faint chromogranin A immunostaining.

Discussion

This study shows that the staining patterns of
chromogranin A and B and secretoneurin in neoplastic al-
pha (glucagon) cells associated with a glucagonoma syn-
drome do not differ from those of neoplastic alpha cells
in nonfunctioning endocrine pancreatic tumours. The
functional status of neoplastic alpha cells is therefore not
associated with a concomitant change in the expression of
the chromogranins/secretogranins in these cells. In non-
neoplastic alpha cells of islets outside functioning
glucagonomas chromogranin B and secretoneurin, but not
chromogranin A expression, seems to reflect the hormon-
al activity of these cells.

Chromogranins/secretogranins are most likely precur-
sors of peptides the function of which is yet not fully un-
derstood. Pancreastatin, a peptide derived from
chromogranin A, has been shown to inhibit the release of
insulin [30]. It has been reported that the release of cate-
cholamines from the adrenal medulla is suppressed in
vitro by another peptide derived from chromogranin A,
chromostatin [11]. A different distribution of pancreasta-
tin and chromostatin has recently been demonstrated im-
munocytochemically in normal human pancreatic islets
(6]. Pancreastatin was mainly localized in alpha cells,
while chromostatin was exclusively found in beta cells.
In an in vitro study secretoneurin led in rat striatal slices
to a specific dopamine release [25] which is the first bio-
logical effect demonstrated for this peptide. The finding
that histamine specifically induces secretogranin II
mRNA in cultured bovine chromaffin cells [2] together
with the expression of secretoneurin in capsaicin-sensi-
tive sensory afferent neurons may indicate a possible role
of this peptide in inflammatory conditions.

Chromogranin A was found in all functioning
glucagonomas and nonfunctioning neuroendocrine tu-
mours of our series, thus confirming the results from ear-
lier studies [4, 7, 14, 18, 20]. Neoplastic glucagon posi-
tive cells were usually stained by chromogranin A. How-
ever, comparison of the intensity of the immunoreactivi-
ty for chromogranin A between functioning and non-
functioning glucagon positive tumours revealed no dif-
ferences. This was also true for chromogranin B and se-
cretoneurin. Production and secretion of
chromogranins/secretogranins seem therefore to be unre-
lated to glucagon biosynthesis and release of neoplastic
alpha cells.

In this tumour series, chromogranin B was found to
be the most reliable marker since it was not only identi-
fied in all tumours (regardless whether they contained al-
pha cells or not) but labelled also almost all tumour cells.
Secretoneurin, which was not detected in all tumours,
showed a particularly patchy distribution often alternat-
ing with chromogranin A positivity. This mirror image
distribution has already been described in gang-
liocytomas and extra-adrenal paragangliomas [28, 29].

The observed marked decrease in the glucagon immu-
noreactivity of the pancreatic islets from patients with
functioning glucagonomas has already been observed by
Bani etal. [1] and suggests an inhibition of glucagon



Fig. 8a—d Glucagon immuno-
staining in pancreatic islets (a,
b) not associated and (c, d) as-
sociated with a functioning
glucagonoma. Distinct im-
munostaining for glucagon as
well as chromogranin A in a
and b, but decreased glucagon
immunoreactivity obtained
with well preserved
chromogranin A labelling in ¢
and d. X250

production and secretion in the nonneoplastic alpha cells
by inappropriate glucagon release from the tumour cells.
As both the distribution and staining intensity of
chromogranin A appeared to be unchanged in the de-
granulated and functionally suppressed alpha cells, it is
concluded that the production of glucagon and
chromogranin A is independently regulated in nonneo-
plastic alpha cells. The same does obviously not apply to
chromogranin B and secretoneurin because their expres-
sion was similarly diminished as that of glucagon in
functionally inactive alpha celis.

In summary, we have demonstrated that the expres-
sion patterns of chromogranins/secretogranins do not
help to distinguish between functioning and nonfunction-
ing glucagon containing tumours of the pancreas. The
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functional status of nonneoplastic alpha cells may, how-
ever, be reflected by the expression of chromogranin B
and secretoneurin but not chromogranin A.
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