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Abstract The aim of the present study was to investi-
gate immunohistochemically the distribution of chromo-
granin A, chromogranin B, and secretogranin Il in a se-
ries of 152 neuroendocrine tumours of the gastrointesti-
nal tract. Tumour tissues from 25 argyrophil gastric car-
cinoids, 18 gastrin and 5 somatostatin-producing tu-
mours, 4 ‘gangliocytic paragangliomas’, 49 classical ar-
gentaffin and 2 L cell appendiceal carcinoids, 27 classi-
cal ileal carcinoids, 17 rectal carcinoids, and 5 poorly
differentiated neuroendocrine tumours of the stomach
and rectum were immunostained with antibodies against
chromogranin A, chromogranin B, and secretogranin II.
Chromogranin A was the major granin expressed in gas-
tric carcinoids and in serotonin-producing carcinoids of
the appendix and the ileum. In contrast, strong chromo-
granin B and secretogranin II immunoreactivity was
found in rectal carcinoids, in which chromogranin A was
rarely expressed. Since chromogranin A is a widely used
marker for neuroendocrine differentiation, it is of diag-
nostic importance that some gastrin-producing tumours,
‘gangliocytic paragangliomas’, poorly differentiated neu-
roendocrine carcinomas, and appendiceal L cell carcino-
ids completely lacked chromogranin A positivity. It is
concluded that the various neuroendocrine tumours of
the gastrointestinal tract show distinctly different pat-
terns of granin expression, probably reflecting their
histogenetical origin.
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Introduction

Solcia et al. [34] recently proposed a classification of gut
endocrine tumours based on histological, histochemical,
ultrastructural, and clinicopathological parameters. Gut
endocrine tumours consist mainly of cells that produce
and secrete the same hormones as are expressed by the
tissues from which they derive. Thus, knowledge of the
exact site of origin is often essential for establishment of
the nature of the respective tumour.

In the human gastrointestinal mucosa 14 endocrine
cell types have been characterised morphologically and,
to some extent, functionally [33]. Not all of these cell
types give rise to gastrointestinal endocrine tumours,
perhaps because of the tendency of endocrine tumours to
retain or lose their proliferative capacity when undergo-
ing differentiation [34]. Some cell types may show spon-
taneous proliferation (e.g. somatostatin- and gastrin-pro-
ducing cells, intestinal EC or ECL cells), whilst others
undergo differentiation only in the post-mitotic stage
(e.g. pyloric EC cells, secretin cells).

The aim of the present study was to investigate the
distribution patterns of chromogranin A, chromogranin
B, and secretogranin II in the various types of neuroen-
docrine tumours occurring in the gastrointestinal tract [5,
34]. Chromogranins A and B and secretogranin II belong
to a class of acidic proteins collectively named granins,
which are widely distributed in a variety of normal tis-
sues and in tumours of neuroendocrine and neuronal ori-
gin in vertebrates. They are stored within the cells in
large dense core vesicles (LDV). Knowledge of the func-
tion(s) of these proteins is still incomplete, but there is
evidence that they are involved in hormone secretion and
hormone packaging within secretory granules, and that
they may serve as the prohormones of more active prote-
olytic cleavage products [12, 18, 19, 40].
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Materials and methods
Tissues

Routinely processed tissues from 152 neuroendocrine tumours of
the gastrointestinal tract were retrieved from the files of the De-
partment of Pathology, University of Miinster, Germany. The tu-
mours, which were classified according to a recently published re-
vised classification of neuroendocrine tumours of the gut [5], are
listed in Table 1. Serial sections 4 pm thick were cut and mounted
on protein-coated glass slides. Prior to immunostaining sections
were dewaxed, rehydrated in a series of alcohols, and rinsed in
distilled water and TRIS buffer.

Chromogranin/secretogranin antibodies

Monoclonal chromogranin A antibody was purchased from Bio-
Genex (San Ramon, Calif., USA), and the preparation of the poly-
clonal antibody (raised in rabbits) against a synthetic peptide pres-
ent in the amino acid sequence of human chromogranin B (amino
acids 306-326; designated as DK-21) has been described previ-
ously [30].

A peptide corresponding to rat secretogranin II amino acids
154-186 [14] was synthesised by standard solid phase t-BOC
chemistry and purified by reversed phase HPLC. The synthetic
peptide (designated as secretoneurin [21]) was coupled via an ad-
ditional N-terminal cysteine to maleimide-activated keyhole lim-
pet haemocyanin. Subsequently, rabbits were immunized follow-
ing a standard protocol [11]. The antiserum has been characterized
in detail elsewhere [21]. Anti-rat secretoneurin cross-reacts very
well with human secretoneurin as there is only one amino acid
substitution between these species.

The tissues were also immunostained with antibodies against
gastrin, SHT (serotonin), substance P, somatostatin, pancreatic
polypeptide, insulin, glucagon, vasoactive intestinal peptide, and
prostatic acid phosphatase (all purchased from Dako, Copenhagen,
Denmark).

Immunohistochemical staining procedure

Primary chromogranin A, chromogranin B, and secretoneurin anti-
bodies were applied overnight at 4°C in a humidified chamber (di-
lutions in PBS containing 0.6% bovine serum albumin: monoclo-
nal chromogranin A antibody 1:800, polyclonal chromogranin B
and secretoneurin antibodies 1:2000), followed by a goat-anti-
mouse or goat-anti-rabbit bridging antibody (1:30 in PBS; 30 min
at room temperature; Dako, Copenhagen, Denmark) and a poly-
clonal mouse- or rabbit-APAAP complex (1:100 in PBS; 60 min at
room temperature; Dianova, Hamburg, Germany). The bridging

antibody and the APAAP complex were applied on a semi-auto-
matic immunostaining device (“Omnibus”; Quartett, Berlin, Ger-
many). Subsequently the enzyme reaction was developed for 25
min at room temperature in a freshly prepared new fuchsin solu-
tion containing naphthol-bi-as-phosphate. Finally, the sections
were counterstained with haematoxylin and mounted in Kayser’s
glycerin gelatin.

Omission of primary antibodies was used as the negative con-
trol and normal adrenal medulla as the positive control for the var-
ious granin antibodies.

Results
Stomach carcinoids

Out of the 25 cases, 17 arose against a background of
atrophic fundus-body gastritis, 2 were associated with
ZES-MENI, and 6 were sporadic cases [29]. SHT was
immunolocalized in 3 sporadic cases. Gastrin- and so-
matostatin-immunoteactive cells were absent in all 25
cases. A strong chromogranin A immunoreactivity was
demonstrated in virtually all cells of these 25 cases,
whereas a weak to moderate chromogranin B and secret-
ogranin II reactivity (also present in all 25 cases) was
found in a focal distribution. Occasionally chromogranin
B and/or secretogranin II immunoreactivity was restrict-
ed to a few tumour cells. In 13 cases there was associat-
ed pronounced NE cell hyperplasia of the oxyntic muco-
sa, demonstrated by a strong chromogranin A positivity;
chromogranin B and/or secretogranin II was only found
in a few cells.

Gastrin-producing tumours

Of 18 gastrin-producing tumours in the present series, 17
were located in the duodenum and the upper jejunum,
and 1 was found in the gastric antrum. In only 11 tu-
mours did the majority of cells contain immunoreactive
gastrin. Thirteen were associated with Zollinger-Ellison
syndrome (ZES). Whenever gastrin was immunohisto-
chemically detectable chromogranin A, chromogranin B
and secretogranin Il were present at least focally. In

Table 1 Neuroendocrine tu-

mours of the gastrointestinal Tumour n Prevalent Main hormone

tract (EC enterochromaffin, cell type

ECL enterochromaffin-like, G ] -

gastrin, D somatostatin; PP Well differentiated

pancreatic polypeptide, SHT 5-  Gastric carcinoid 25 ECL

hydroxytryptamine, PYY PP- Gastrin producing tumour 18 G Gastrin

like peptide, subst. P substance Somatostatin producing tumour 5 D Somatostatin

P, L PP- or PYY-producing ‘Gangliocytic paraganglioma’ 4 PPD,? Variable

cells) Appendiceal EC carcinoid 49 EC 5HT, subst. P
Appendiceal L cell carcinoids 2 L glicentin, PPPYY
Carcinoid of the ileum 23 EC SHT, subst. P
Carcinoid of the ceacum 4 EC 5HT, subst. P
Rectal carcinoids 17 L glicentin, PP, PYY

147
Poorly differentiated
Neuroendocrine carcinoma, stomach 2 ? Variable
rectum 3 ? Variable




cases with low gastrin immunoreactivity associated with
ZES, chromogranins/secretogranin were either complete-
ly absent (2 cases) or found only in a few scattered tu-
mour cells (Fig. 1b).

Somatostatin-producing tumours

These tumours were located in the duodenal periampul-
lary region of the duodenum. None of the 5 cases was as-
sociated with the so-called somatostatinoma syndrome.
All tumours showed glandular structures and psammoma
body-like structures. In 4 tumours chromogranin A was
only found in a few tumour cells (Fig. 1a), and in 1 tu-
mour focal staining was noted. Chromogranin B immu-
noreactivity was observed in 3 tumours, where it was
found in more than 50% of tumour cells. Secretogranin
II was found in a few scattered tumour cells in 3 cases.

‘Gangliocytic paraganglioma’

Four tumours (all located in the second portion of the du-
odenum) with an admixture of epithelial neuroendocrine
cells, mature ganglion cells and a varying proportion of
Schwann-like spindle cells were classified as ‘gangliocy-
tic paraganglioma’. In all these tumours somatostatin and
PP immunoreactive cells were detected. Two also con-
tained insulin-positive cells. Clusters of chromogranin
A-positive cells were found in 3 of the 4 tumours and
chromogranin B, in 2. Secretogranin II was found in a
few tumour cells in 2 cases.

EC cell carcinoids of the appendix

All 49 cases in the present series showed a typical solid
pattern and expressed SHT, chromogranin A, and chro-
mogranin B. The strongest immunoreactivity was found
with chromogranin A (Fig. 1c); chromogranin B and
SHT immunoreactivity was strongest in solid tumour
nests with peripheral tumour cell palisading. Secret-
ogranin II was found in single cells or small clusters in
32 of the 49 cases; the staining intensity of secretogranin
II in this tumour type was generally weak. Substance P
was focally present in 47 tumours.

Enteroglucagon-producing (L cell) carcinoids
of the appendix

Two carcinoids displaying a predominantly glandular
pattern were strongly chromogranin B and secretogranin
II positive, whereas chromogranin A immunoreactivity
was detectable only in a few scattered tumour cells. Both
cases contained cells with PP immunoreactivity. Prostat-
ic acid phosphatase was not detectable.
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Fig. 1a—c Patterns of chromogranin A immunoreactivity in differ-
ent intestinal carcinoids. a Somatostatin-rich duodenal carcinoid
with a few scattered chromogranin A-positive tumour cells. On se-
rial sections these cells were shown to contain gastrin, insulin, or
PP. (APAAP technique, x250). b Gastrin-producing duodenal car-
cinoid associated with Zollison Ellison syndrome. In tumours with
low immunohistochemical gastrin content, chromogranins and se-
cretogranin II were usually completely absent or only present a in
few tumour cells. (chromogranin A; APAAP technique, x250). ¢
Classical appendiceal carcinoid. Strong chromogranin A positiv-
ity. (APAAP technique, x100)

Jejunal carcinoids

A strong chromogranin A immunoreactivity was found
in all 23 tumours investigated (Fig. 2a). Chromogranin B
and SHT was also present in these cases; however, mod-
erate to strong staining of the latter two markers was
mainly restricted to the periphery of tumour islets with
typical palisading (Fig. 2b, ¢). A weak to moderate se-



Fig. 2a—c Classical carcinoid of the ileum. Strong chromogranin
A immunoreactivity (a), whereas chromogranin B (b) and 5HT (¢)
are mainly immunolocalized in palisading tumour cells at the pe-
riphery of tumour islets. (APAAP technique, semi-adjacent sec-
tions of the same case, x40)

cretogranin IT immunoreactivity was detectable either in
a few scattered cells or in tumour cell clusters; complete-
ly secretogranin II-negative small intestinal carcinoids,
as in argentaffin appendiceal carcinoids, were not ob-
served. Substance P was focally demonstrated in 21 of
the 23 tumours.

Caecal carcinoids

Chromogranin A and B, SHT and secretogranin II
showed similar distribution patterns to those seen in ileal

Fig. 3a—¢ Immunoreactivity of different granins in carcinoids of
the rectum. a Chromogranin A-negative rectal carcinoid with tra-
becular/glandular pattern. Note positive neuroendocrine cells in
the normal mucosa. (APAAP technique, x40). b Same case dem-
onstrating chromogranin B immunoreactivity. (APAAP technique,
x40). ¢ Secretogranin II positivity in a ‘ribbon-looped’ rectal car-
cinoid. (APAAP technique, x40)

carcinoids. Substance P immunoreactivity was found in
3 tumours.

Rectal carcinoids

Only 6 tumours showed the typical ‘looped ribbon’ pat-
tern (Fig. 3¢ [6]); the others displayed irregular trabecu-
lae with occasional rosettes, intermingled in some cases
with nest components. A moderate to strong chromogra-
nin B (Fig. 3b) and secretogranin II (Fig. 3¢) immunore-



365

Table 2 Distribution of chro-

mogranins (chromogranin A, Tumour CGA CGB Sl
chromogranin B, and secret- - -
ogranin II) in various neuroen-  Well differentiated
docrine tumours of the gastro- Gastric carcinoid 25725 +++ 25725 (++) 25125 (++)
intestinal tract (- negative, + Gastrin producing tumour 2/17- 4/17- 5/17—
few scattered positive tumour 4/17+ 5117+ 6/17+
cells, ++ focal positivity, +++ 11/17++ 8/17++ 6/17++
majority of tumour cells posi- Somatostatin producing tumour 4/5+ 2/5+ 2/5—
tive; parentheses weak to L/5++ 3/5+++ 3/5+
moderate intensity of immuno-  “Gangliocytic paraganglioma” 1/4— 2/4— 2/4—
staining) 3/4++ 2/44++ 2/44++
Appendiceal EC carcinoid 49/49+++ 49/49+++ 17/49-
32/49+
Appendiceal L cell carcinoids 172~ 2/24+++ 212+++
12+
Carcinoid of the ileum 23/23+++ 23/23+++ 14/23+
9/23++
Carcinoid of the ceacum 4/4+++ 4/4+++ 2/4+
2/4 (+4)
Retal L cell carcinoid 12/17- 17/17+++ 4/17++
517+ 13/17+++
Poorly differentiated
Neuroendocrine carcinoma 212++ 1/2— 2/2—
of the stomach
Neuroendocrine carcinoma 3/3— 3/3++ 1/3—
of the rectum 3/3~ 3/3++ 1/3—
2/3++

activity was demonstrable in the majority of tumour
cells. Chromogranin A was completely negative in 12 tu-
mours (Fig. 3a); a few scattered cells were demonstrated
in 5 tumours. In 8 tumours moderate to strong focal im-
munoreactivity for prostatic acid phosphatase was
shown.

Poorly differentiated neuroendocrine carcinomas

of the 5 poorly differentiated endocrine carcinomas, 2
were in the stomach and 3 in the rectum. All these tu-
mours were large and had metastasised. None of the tu-
mours was associated with a clinically overt endocrine
syndrome. Chromogranin A was immunohistochemically
focally demonstrated in both gastric tumours, chromo-
granin B in 1 gastric and in all 3 rectal tumours, and se-
cretogranin II in 2 rectal tumours. Two rectal tumours
expressed prostatic acid phosphatase immunohistochem-
ically.

Discussion

The occurrence of chromogranin A and B and of secret-
ogranin II has been described both in normal neuroendo-
crine cells [12, 21-23, 26, 28, 35, 37, 39] and in neuro-
endocrine tumours of the gastrointestinal tract [8, 20, 23,
25, 36, 37, 39]. Chromogranin A, chromogranin B, and
secretogranin II were found in the vast majority of gas-
trointestinal carcinoids. However, in most of these stud-
ies no quantitative analysis of granins expression was
performed. Using oligonucleotide probes for the demon-
stration of chromogranin A and B mRNAs, Funa et al.

[13] recently pointed out that foregut, midgut, and rec-
tal carcinoid tumours are different in their endocrine
properties regarding the expression of chromogranin A
and B.

Our results demonstrate various distribution patterns
of chromogranin A, chromogranin B, and secretogranin
II in neuroendocrine tamours of the gastrointestinal tract.
Although, owing to their location and histological fea-
tures, most of these tumours are easily identified, immu-
nohistochemical proof of their neuroendocrine nature
and hormone production has become mandatory. In par-
ticular, since chromogranin A is widely used in diagnos-
tic histopathology as a general neuroendocrine marker, it
is of importance to recognise its presence or absence in
all varieties of neuroendocrine tumours.

In our series chromogranin A was consistently found
in most tumour cells of gastric carcinoids and serotonin-
producing carcinoids of the appendix, small intestine,
and large caecum. In all other tumour types we observed
a wide range of chromogranin A immunoreactivity. Gas-
trin-producing tumours, ‘gangliocytic paragangliomas’,
poorly differentiated neuroendocrine carcinomas, and
appendiceal and rectal L cell carcinoids may lack chro-
mogranin A completely. However, there seems to be no
intestinal neuroendocrine tumour type that consistently
fails to contain chromogranin A-positive cells.

Chromogranin B was consistently detectable in car-
cinoids of the stomach, the appendix, the small and large
intestine, and the rectum. Amongst endocrine tumours of
the stomach and the upper small intestine a complete
lack of chromogranin B immunoreactivity was noted in
some gastrin tumours and ‘gangliocytic paraganglio-
mas’. Although consistently found in argyrophil gastric
(ECL) carcinoids, chromogranin B immunoreactivity
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was considerably weaker than chromogranin A immuno-
reactivity.

Secretogranin II immunoreactivity was demonstrated
in the majority of the tumour cells of appendiceal and
rectal L cell carcinoids. Serotonin-producing ileal and
caecal carcinoids contained a few secretogranin II-posi-
tive cells, whereas some gastrin- or somatostatin-produc-
ing tumours, ‘gangliocytic paragangliomas’, appendiceal
carcinoids, and poorly differentiated neuroendocrine car-
cinomas showed a complete lack of secretogranin II im-
munoreactivity. In gastric carcinoids secretogranin II was
found in a similar distribution pattern to chromogranin
B.

A gastric carcinoid displaying a strong chromogranin
A immunoreactivity in the absence of gastrin- and so-
matostatin-immunoreactive cells is highly suggestive of
an ECL cell tumour. From our results this tumour type
shows considerably weaker and focally distributed chro-
mogranin B and secretogranin II immunoreactivity. The
clear demonstration of chromogranin B immunoreactivi-
ty in gastric carcinoids contrasts with observations re-
corded in a study by Bordi et al. [2], who were unable to
detect chromogranin B in these tumours. A strong chro-
mogranin A immunoreactivity is also present in fundic
neuroendocrine cell hyperplasia associated with atrophic
gastritis; chromogranin B- and/or secretogranin II-posi-
tive hyperplastic cells were only occasionally detected.
In gastrin-producing tumours chromogranin/secret-
ogranin immunoreactivities were characteristically relat-
ed to immunohistochemical demonstration of gastrin.
Five duodenal tumours associated with ZES and showing
very few gastrin-positive cells also lacked or contained
only a few scattered chromogranin-/secretogranin-posi-
tive cells. Somatostatin-producing tumours [3, 7, 16] are
characterized by a glandular pattern and the frequent oc-
currence of psammoma bodies. The somatostatin cell tu-
mours in the present series usually showed only a few
chromogranin A- and secretogranin II-positive cells; on
serial sections these cells expressed various peptides
(such as gastrin, insulin, PP). A somatostatin-rich appen-
diceal carcinoid with psammoma bodies has recently
been described [4]. In contrast to paragangliomas in oth-
er locations [31], the majority of ‘gangliocytic paragang-
liomas’ completely lack chromogranin A.

Serotonin-producing appendiceal and ileal carcinoids
showed similar distribution patterns of chromogranin A
and B. In agreement with reports in the literature [4, 8,
14, 24, 27, 37], chromogranin A immunoreactivity was
found in almost all tumour cells, whereas weaker chro-
mogranin B expression was mainly found in tumour cell
islets with peripheral palisading. Both chromogranin A
and B mRNA has been found in midgut carcinoids [13].
In classical intestinal carcinoids secretogranin II was
present in single cells or small cell clusters; however, se-
cretogranin II was completely absent from 17 of 49 sero-
tonin-producing appendiceal carcinoids. It is uncertain
whether these immunohistochemical findings can be
used to support the concept that intestinal carcinoids are
histogenetically related to the epithelial cells of the intes-

tinal mucosa, while the appendiceal carcinoids may re-
present a distinct type of intestinal paraganglioma [38].

Both rectal and appendiceal L cell carcinoids showed
a distinct and consistently different immunohistochemi-
cal expression of granins from serotonin-producing car-
cinoids. Chromogranin B and secretogranin II were dem-
onstrated in the majority of tumour cells in all 19 cases.
Chromogranin A, however, was either completely absent
or was immunolocalised only focally in tumours with a
predominant trabecular pattern; this finding agrees with
previous reports [10, 27]. Prostatic acid phosphatase has
been found in 8 of 17 rectal carcinoids and thus seems to
be a regular finding in tumours originating from the
hindgut [10]. However, prostatic acid phosphatase has
recently been demonstrated in both strumal and primary
renal carcinoids without any embryological relationship
to the hindgut [15, 32]. Both appendiceal L cell carcino-
ids in the present series contained PP-positive cells, an
unusual feature in midgut carcinoids [1, 4].

Poorly differentiated endocrine tumours are also re-
ferred to as atypical carcinoids. The granins were detect-
ed only focally within these tumours. Both gastric tu-
mours expressed chromogranin A, while chromogranin
B was found in all three rectal tumours; thus these tu-
mours are similar in the distribution of chromogranin A
and B to well-differentiated carcinoids of the corre-
sponding sites.

Acknowledgements The authors thank Ms.Birgit Kunk for tech-
nical assistance and Mrs.Heidi Gerdes-Funnekdtter for preparing
the microphotographs. The semi-automatic “Omnibus” was a gen-
erous gift from Quartett Immundiagnostica Biotechnologie-Ver-
triebs GmbH, Berlin, Germany. This work was partially funded by
a grant (RFC) from the Austrian Science Foundation.

References

1. Anderson NH, Somerville JE, Johnston CF, Hayes DM, Bu-
chanan KD, Sloan JM (1990) Appendiceal goblet cell carcino-
ids: a clinicopathological and immunohistochemical study.
Histopathology 18: 61-65

2. Bordi C, Yu JY, Baggi MT, Davoli C, Pilato FP, Baruzzi G,
Gardini G, Zamboni G, Franzin G, Papotti M, et al (1991)
Gastric carcinoids and their precursor lesions. A histologic and
immunohistochemical study of 23 cases. Cancer 67: 663~
672

3. Burke AP, Federspiel BH, Sobin LH, Shekitha KM, Helwig
EB (1989) Carcinoids of the duodenum. A histologic and im-
munohistochemical study of 65 tumors. Am J Surg Pathol 13:
828-837

4. Burke AP, Sobin LH, Federspiel BH, Shekitha KM (1989) Ap-
pendiceal carcinoids: correlation of histology and immunohis-
tochemistry. Mod Pathol 2: 630-637

5. Capella C, Heitz PU, Hofler H, Solcia E, Kloppel G (1995)
Revised classification of the neuroendocrine tumors of the
lung, pancreas and gut. Digestion (in press)

6 Dawson IMP (1976) The endocrine cells of the gastrointestinal
tract and neoplasms which arise from them. In: Morson BC
(ed) Pathology of the gastrointestinal tract. Curr Top Pathol
63: 222-258

7. Dayal Y, Doos WG, O’Brian MJ, Nunnemacher G, DeLellis
RA, Wolfe HJ (1983) Psammomatous somatostatinomas of the
duodenum. Am J Surg Pathol 7: 653—-665



10.

12.

13.

15.

16.

17.

18.

19.
20.

21.

22.

24.

25.

. Dayal Y, Kirsten A, Tallberg BS, Nunnemacher G, DeLellis

RA, Wolfe HJ (1986) Duodenal carcinoids in patients with and
without neurofibromatosis. Am J Surg Pathol 10: 348-357

. Facer P, Bishop AE, Lloyd RV, Wilson BS, Hennessy RJ, Po-

lak JM (1985) Chromogranin: a newly recognized marker for
endocrine cells of the human gastrointestinal tract. Gastroen-
terology 89: 1366-1373

Federspiel BH, Burke AP, Sobin LH, Shekitha KM (1990)
Rectal and colonic carcinoids. A clinicopathologic study of 84
cases. Cancer 65: 135-140

. Fischer-Colbrie R, Schober M (1987) Isolation and char-

aterization of chromogranins A, B and C from bovine chro-
maffin granules and a rat pheochromocytoma. J Neurochem
48: 262-270

Fischer-Colbrie R, Hagn C, Schober M (1987) Chromogranins
A, B, and C: widespread constituents of secretory vesicles.
Ann NY Acad Sci 493: 120-134

Funa K, Eriksson B, Wilander E, Oberg K (1991) In situ hy-
bridisation of chromogranin A and B mRNA in carcinoid tu-
mors. Histochemistry 95: 555-559

. Gerdes H-H, Phillips E, Huttner WB (1988) The primary

structure of rat secretogranin II deduced from a ¢cDNA se-
quence. Nucleic Acids Res 16: 11811

Goldblum JR, Lloyd RV (1993) Primary renal carcinoid. Case
report and literature review. Arch Pathol Lab Med 117:
855-858

Griffiths DFR, Jasani B, Newman GR, Williams ED, Williams
GT (1984) Glandular duodenal carcinoid — a somatostatin rich
tumour with neuroendocrine associations. J Clin Pathol 37:
163-169

Hearn SA (1987) Electron microscopic localization of chro-
mogranin A in osmium-fixed neuroendocrine cells with a pro-
tein A-gold technique. J Histochem Cytochem 35: 795-801
Helle KB, Reed RK, Ehrhard M, Aunis D, Hogue-Angeletti R
(1990) Chromogranin A: osmotically active fragments and
their susceptibility to proteolysis during lysis of the bovine
chromaffin granules. Acta Physiol Scand 138: 565-574
Huttner WB, Gerdes H-H, Rosa P (1991) The granin (chromo-
granin/secretogranin) family. Trends Biochem Sci 16: 27-30
Kimura N, Sasano N, Yamada R, Satoh J (1988) Immunohisto-
chemical study of 100 cases of pheochromocytoma, carotid
body tumour, medullary thyroid carcinoma and carcinoid tu-
mour. Virchows Arch [A] 413: 33-38

Kirchmair R, Hogue-Angeletti R, Guitarrez J, Fischer-Colbrie
R, Winkler H (1993) Secretoneurin — a neuropeptide generated
in brain, adrenal medulla and other endocrine tissues by prote-
olytic processing of secretogranin II (chromogranin C). Neu-
roscience 53: 359-365

Lloyd RV, Wilson BS (1983) Specific endocrine tissue marker
defined by a monoclonal antibody. Science 222: 628—630

. Lloyd RV, Cano M, Rosa P, Hille A, Huttner WB (1988) Dis-

tribution of chromogranin A and secretogranin I (chromogra-
nin B) in neuroendocrine cells and tumors. Am J Pathol 130:
296-304

Moyana TN, Satkunam N (1992) A comparative study of jeju-
noileal and appendiceal carcinoids. Implications for histogene-
sis and pathogenesis. Cancer 70: 1081-1088

Nash SV, Said JW (1986) Gastroenteropancreatic neuroendo-
crine tumors. A histochemical and immunohistochemical
study of epithelial (keratin proteins, carcinoembryonic anti-
gen) and neuroendocrine (neurone-specific enolase, bombesin
and chromogranin) markers in foregut, midgut, and hindgut tu-
mors. Am J Clin Pathol 86: 415422

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

367

O’Connor DT, Burton D, Deftos LJ (1983) Immunoreactive
human chromogranin A in diverse polypeptide hormone pro-
ducing human tumors and normal endocrine tissues. J Clin En-
docrinol Metab 57: 10841086

Perez MA, Saul SH, Trojanowski JQ (1990) Neurofilament
and chromogranin expression in normal and neoplastic neuro-
endocrine cells of the human gastrointestinal tract and pancre-
as. Cancer 65: 1219-1227

Rindi G, Buffa R, Sessa F, Tortora O, Solcia E (1986) Chro-
mogranin A, B and C immunoreactivities of mammalian endo-
crine cells. Distribution, distinction from costored hor-
mones/prohormones and relationship with the argyrophil com-
ponent of secretory granules. Histochemistry 85: 19-28

Rindi G, Luinetti O, Cornaggia M, Capella C, Solcia E (1993)
Three subtypes of gastric argyrophil carcinoid and gastric neu-
roendocrine carcinoma: a clinicopathological study. Gastroen-
terology 104: 994-1006

Schmid KW, Weiler R, Xu RW, Hogue-Angeletti R, Fischer-
Colbrie R, Winkler H (1989) An immunological study on
chromogranin A and B in human endocrine and nervous tis-
sue. Histochem J 21: 365-373

Schmid KW, Schroder S, Dockhorn-Dworniczak B, Kirchmair
R, Tétsch M, Bocker W, Fischer-Colbrie R (1994) Immuno-
histochemical demonstration of chromogranin A, chromogra-
nin B, and secretogranin II in extra-adrenal paragangliomas.
Mod Pathol 7: 347-353

Sidhu J, Sanchez RL (1993) Prostatic acid phosphatase in stru-
mal carcinoids of the ovary. An immunohistochemical study.
Cancer 72: 1673-1678

Solcia E, Capella C, Buffa R, Usellini L, Fiocca R, Sessa F
(1987) Endocrine cells of the digestive system. In: Johnson LR
(ed) Physiology of the gastrointestinal tract, 2nd edn. Raven
Press, New York, pp 111-130

Solcia E, Rindi G, Sessa F, Fiocca R, Luinetti O, Bosi F
(1993) Endocrine tumours of the gastrointestinal tract. In: Po-
lak JM (ed) Diagnostic histopathology of neuroendocrine tu-
mours. Churchill Livingstone, Edinburgh, pp 123-149

Varndell IM, Lloyd RV, Wilson BS, Polak JM (1985) Ultra-
structural localization of chromogranin: a potential marker for
the electron microscopical recognition of endocrine cell secre-
tory granules. Histochem J 17: 981--992

Weiler R, Feichtinger H, Schmid KW, Fischer-Colbrie R,
Grimelius L, Cedermark B, Papotti M, Bussolati G, Winkler H
(1987) Chromogranin A and B and secretogranin II in bron-
chial and intestinal carcinoids. Virchows Arch [A] 412:
103-109

Wiedenmann B, Waldherr R, Buhr H, Hille A, Rosa P, Huttner
WB (1988) Identification of gastroenteropancreatic neuroen-
docrine cells in normal and neoplastic human tissue with anti-
bodies against synaptophysin, chromogranin A, secretogranin
I (chromogranin B), and secretogranin II. Gastroenterology
95: 13641374

Wilander E, Scheibenpflug L (1993) Cytokeratin expression in
small intestinal and appendiceal carcinoids. A basis for classi-
fication. Acta Oncol 32: 131-134

Wilson BS, Lloyd RV (1984) Detection of chromogranin in
neuroendocrine cells with a monoclonal antibody. Am J Pathol
115: 458-468

Winkler H, Fischer-Colbrie R (1992) The chromogranins A
and B: The first 25 years and future perspectives. Neurosci-
ence 49: 497-528



