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Immunocytochemical Patterns ofIslet Cell Tumors as
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A series of 51 islet cell tumors removed from 28 pa-
tients was investigated immunohistochemically with
the monoclonal antibody HISL-19. The antibody was
produced after immunization of BALB/c mice with
human islet cells and was found to react with a wide
range of neuroendocrine and neural cells. All tumors
presented positive immunoreaction showing various
combinations of 2 basic patterns. The first pattern re-
flected the immunostaining of the secretory granules
of the tumor cells. This "granular" staining was pre-
dominantly associated with benign neoplasms and
with the tumoral production ofglucagon and pancre-
atic polypeptide (PP), while it was absent or inconsis-
tent in most insulin-secreting tumors. The second pat-
tern consisted of focal immunoreactive aggregates lo-
cated in a peri- (and, in polarized cells, supra-) nuclear
position. This "cluster-type" staining showed a good
morphologic and topographic correspondence with

THE MONOCLONAL ANTIBODY (MAb) HISL-
19 was produced after immunization ofBALB/c mice
with human islet cells isolated from cadaveric pancre-
atic specimens.1 ThisMAb reacts with islet cells ofhu-
man, bovine, and porcine origin but not with those of
rodents or ofthe angler fish. In addition, it reacts with
endocrine cells of the gut and lung, all cell types of
the anterior pituitary, the parafollicular C cells ofthe
thyroid, the adrenal medullary cells, and central and
peripheral neurons. 2

Immunoblotting experiments with tumoral islet
cell tissue and with isolated bovine islets showed that
the antigenic epitope is present in 4 islet cell proteins
with molecular weights in the region of 120, 69, 67,
and 56 kd.1"2 Although these proteins may correspond
to different molecules sharing crossreactive antigenic
determinants, it seems more likely that they represent
related products resulting from sequential posttrans-
lational cleavage and processing ofa common precur-
sor protein." 2 More recently, it has been shown that
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the Golgi apparatus ofthe cells ofthe same tumors, as
shown by electron microscopy. The latter pattern was
well represented in all types ofislet cell tumors except
those producing PP. Moreover, it was more apparent
in less differentiated tumors in which the granular
pattern was often absent or inconsistent. Cluster-type
(but not granular) immunoreactivity was frequently
found in some nonendocrine, nontumoral pancreatic
structures, particularly in the epithelium of small
ducts. However, the immunoreactive aggregates of
nonendocrine cells were distinctly less prominent than
those ofendocrine cells. On the basis ofa comparison
with other immunohistochemical markers for neuro-
endocrine cells, it is concluded that the HISL-19 mono-
clonal antibody presents specific staining characteris-
tics useful for the cytologic analysis ofislet cell tumors.
(AmJ Pathol 1988, 132:249-257)

the 67 kd (35/32 dimer) protein detected by MAb
HISL- 19 shares many biochemical and molecular key
features with the chromogranin proteins. As demon-
strated by one-dimensional and two-dimensional gel
electrophoresis, immunoblotting, monoclonal anti-
body HISL- 19 immunoaffinity chromatography, and
immunoelectron microscopy, it is a water soluble,
acidic protein stored (after passing the Golgi appara-
tus) within secretory granules of peptide hormone
producing cells, and it is released in detectable
amounts into the serum of patients bearing neuroen-
docrine carcinomas. Differences of the HISL- 19 pro-
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tein and chromogranins A, B, and C are indicated by
their different tissue distribution, the discrepancy of
their apparent molecular weights in SDS gels and iso-
electric points, and by the lack of cross-reactivity of
their specific antibodies.3
The spectrum of immunoreactive cells, covering

both a wide range of neuroendocrine cells and differ-
ent subsets of neural cells, suggests that the HISL- 19
MAb defines a new family of neuroendocrine mole-
cules.' The observation, however, that low but detect-
able amounts of immunoreacting material are also
present in a small number ofnonendocrine nonneural
cells, such as those forming the epithelia of the gall-
bladder, the bronchial mucosa, and the small ducts of
salivary glands,2 indicates that the proteins, or at least
one ofthem, may also occur in some exocrine epithe-
lial tissue, although in a markedly lower concentra-
tion.
A previous paper by one author2 has shown that the

HISL- 19 MAb has potential applications in diagnos-
tic histopathology because it appears as an almost uni-
versal marker for neoplasms originating from most
neuroendocrine tissues. Islet cell tumors were in-
cluded in the series of neoplasms investigated and
their reactivity to HISL- 19 MAb was already de-
scribed. The aim of the present study is to extend the
analysis to a different, larger series ofpancreatic endo-
crine neoplasms. In particular, an attempt is made to
assess whether there is a relationship between the pat-
tern of HISL- 19 reactivity of tumor cells and: 1) the
type of hormone produced by the tumors; 2) the be-
nign or malignant nature ofthe neoplasms; and 3) the
degree of differentiation oftumor cells. In addition, a
parallel investigation performed in the same series of
tumors with a number of others neuroendocrine
markers recently proposed4 offered the opportunity of
a comparative evaluation of the respective immuno-
reactive patterns.

Materials and Methods

Materials

Fifty-one pancreatic endocrine tumors collected
from 28 patients were investigated. The neoplasms
were classified according to the symptom-causing hor-
mone and/or the majority islet cell population shown
by immunocytochemistry. Tumors discovered as in-
cidental findings at autopsy or during operation and
showing only occasional hormone-containing cells in
immunohistochemistry but otherwise clearly recog-
nizable as islet cell tumor on the basis ofthe histologic
characteristics and ofthe immunoreactivity to neuro-
endocrine markers (such as chromogranin A, neuro-
ne-specific enolase or protein gene product 9.5) were

classified as nonfunctioning tumors. Tumor tissues
were fixed in Bouin's fluid in all cases except 4, in
which 10% formalin was used. After dehydration the
specimens were routinely embedded in paraffin. Serial
sections were then cut at 5 ,u and stained with hema-
toxylin and eosin (H&E), the Grimeliuss silver
method, and polyclonal antisera against insulin, glu-
cagon, somatostatin, pancreatic polypeptide (PP),
gastrin, and vasoactive intestinal peptide (VIP) for
histopathologic and hormonal characterization. The
immunoreactions were visualized by either immuno-
fluorescence or immunoperoxidase techniques. De-
tails on the immunohistochemical techniques and
sources ofantisera are given elsewhere.6'7 Tissue speci-
mens processed for conventional electron microscopy
as previously detailed8'9 were available for 22 tumors.

Preparation ofMAb HISL-19

The MAb HISL- 19 was produced as described in
detail previously.' Briefly, female BALB/c mice were
immunized with human islet cells isolated from ca-
daveric human pancreatic specimens. Spleen cells
from the immunized mice were fused with the nonse-
cretor murine myeloma cell line P3x63, 653 using the
standard polyethylene glycol technique. '"' The re-
sulting hybrids were initially screened for reactivity
with human islets using the indirect immunofluores-
cence technique on cryostat sections of human pan-
creas. Positive colonies were cloned several times, ex-
panded, and monoclonal antibody ascites was raised
in mice. The characterization of the proteins recog-
nized by the MAb HISL- 19 was obtained with the
Western immunoblotting technique.",2

Immunohistochemical Procedure

The immunoreactivity ofMAb HISL- 19 was evalu-
ated using an indirect immunoperoxidase technique.
Sections were incubated with MAb HISL- 19 (dilution
1/4000 of ascites fluid) and subsequently incubated
with peroxidase conjugated rabbit anti-mouse Ig anti-
body (Dakopatts, Copenhagen, Denmark; dilution 1/
100) and then with peroxidase conjugated swine anti-
rabbit Ig antibody (Dakopatts, dilution 1/100). Perox-
idase activity was detected by the 3,3'-diaminobenzi-
dine tetrahydrochloride (DAB) reaction and the sec-
tions were counterstained with hematoxylin.

Results
Table 1 reports the distribution of the 51 tumors

investigated in this study along with the relevant re-
sults after immunostaining with the HISL- 19 MAb.
All neoplasms had a positive immunoreaction show-
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Table 1-Results of Staining with the MAb HISL-1 9 in a Series of 51 Pancreatic Endocrine Tumors: Distribution of the
Immunohistochemical Pattems and Occurrence of Immunoreactive Material in the Extratumoral Exocrine Tissue

Extratumoral
Immunohistochemical pattem* tissuet

Type of tumor No. Granular$ Cluster-type Ducts Acini

Benign tumors

Insulinoma 10 4(5) 8 8(9) 8(9)
Glucagonoma 12 12 10 3(4) 3(4)
PP-oma 15 15 2 2 (3) 2(3)
Nonfunctioning 1 1 1 - (1) 1(1)

TOTAL 38 32 (5) 21 13(17) 14(17)

Malignant tumors

Insulinoma 4 1(1) 4 1(1) NE
Glucagonoma 3 2(1) 3 NE NE
Gastrinoma 2 1(1) 2 NE NE
VIP-oma 1 - 1 NE NE
PP-oma 1 - (1) - NE NE
Nonfunctioning 2 2 2 NE NE

TOTAL 13 6(4) 12 1 (1)

See text for details.
t Numbers in parentheses refer to the cases in which extratumoral tissue was available for the study. NE = not examined.
t Numbers in parentheses refer to tumors in which only occasional discrete cells showed granular type immunoreactivity.

ing various combinations of 2 basic patterns. One
pattern, thereafter designed as granular, was charac-
terized by a fine granular cytoplasmic staining. This
staining reproduced the intracellular distribution of
secretory granules with frequent polarization and
accumulation at the capillary pole ofthe tumor cells
(Figure 1). The other pattern, thereafter designed as
cluster-type, was characterized by focal and often
large perinuclear aggregates of coarse material (Fig-
ure 2). These clusters, sometimes presenting a cres-
centlike or a ringlike shape (Figure 2), in favorable
conditions of cell structure and sectioning were

Figure 1-Granular pattern of immunoreactiv-
ity to HISL-19 monoclonal antibody in a benign
PP-oma from a patient with multiple endocrine
neoplasia type I (MEN-I). Several tumor cells
show polarization of the immunoreactive mate-
rial. No cluster-type immunoreactivity is detect-
able. (Indirect immunoperoxidase technique
with hematoxylin counterstaining, x275) " -4

shown to be localized in the supranuclear region, ie,
opposite to that containing the basally accumulated
secretory granules (Figure 3). The combination of
the 2 patterns of immunoreaction resulted in a
readily identifiable staining of all tumors except one
PP-producing carcinoma that harbored rare granu-
lar stained cells only.
The granular pattern ofHISL- 19 immunoreactivity

was often found to coexist with the cluster pattern
(Figure 3), although the latter tended to be masked
when the tumor cells were filled with secretory gran-
ules. The granular pattern was found to present the
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Figure 2-Cluster-type pattem of HISL-19 im-
munoreactivity with absence of granular stain-
ing in an insulin-secreting adenoma. The para-
nuclear position and the crescent or nnglike
shapes of the immunostained aggregates are
consistent with the Golgi apparatus of tumor
cells. (Same technique as in Figure 1, X275)

most diffuse expression when the tumors exhibited a
gyriform-ribbonlike arrangement (Figure 1).
A granular staining of the majority of tumor cells

occurred in virtually all benign glucagonomas and
PP-omas (Figure 1). The correspondence of this type
ofimmunoreaction with glucagon and PP immunore-
activity was better appreciated in those tumors in
which an association of areas rich and areas poor in
these hormones was present (Figure 4). In contrast, a
diffuse granular staining for the HISL-19 MAb was
found in only 4 of 10 benign insulinomas. The only
feature discriminating these 4 neoplasms from the
others was the predominance ofthe gyriform-ribbon-
like histologic structure. In 5 of the remaining benign

insulin-secreting tumors the granular reaction was
confined to isolated cells or to small discrete cell clus-
ters (Figure 5), which in consecutive sections were not
necessarily associated with insulin immunoreactivity
but revealed either absent or variable hormone con-
tent. On occasion discrete clusters of positive cells
were found to correspond to nonneoplastic islets
trapped by the tumor.
Granular HISL- 19 immunostaining ofmost tumor

cells was less frequent in malignant tumors, being
present in 6 of 13 cases. Of interest is 1 of these 6 tu-
mors, an insulin-secreting carcinoma showing 2 ma-
jor cell populations, 1 composed of insulin producing
cells and the other composed of argyrophil cells, as

Figure 3-Coexistence of granular and cluster-
like pattems of HISL-19 immunoreactivity in in-

rs fl sulin-producing cells of a metastatizing tumor.
The glandlike arrangement of tumor cells
emphasizes the basal accumulation of granular
immunostained material and the supranuclear
localization of the immunoreactive focal ag-
gregates related to the Golgi complex (arrow-
heads). (Same technique as in Figure 1, X255)
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described in detail previously.'2 In this tumor the
granular pattern was shown extensively by the insulin
cells while it was inconspicuous in the argyrophil cells
(Figure 6). Tumor tissue removed from the same pa-
tient 8 years later revealed complete degranulation of
tumor cells after immunostaining for either insulin or
HISL- 19. The granular pattern also was lacking in an-
other insulin-secreting carcinoma, composed mostly
of argyrophil cells.
The cluster-type pattern of HISL- 19 immunoreac-

tivity was clearly recognizable in most tumors, with-

Figure 5-Isolated cells showing granular
HISL-1 9 immunostaining in a benign tumor ex- ej.1 ;
clusively composed of insulin-containing cells.
The hormonal content of the discrete immuno- j
reactive cells could not be identified. (Same

technique as in Figure 1, xl1 0)

Figure 4-Correspondence between the localization of glucagon (A and C)
and of HISL-19 (B and D) immunoreactive cells in an islet cell adenoma from
a patient with MEN-I. Panels C and D are details of A and B, respectively.
The majority of HISL-19 immunostained cells are glucagon-mmunoreactive
in the consecutive section (arrows) while the remaining ones correspond to
PP-containing cells (not shown). (A and C: avidin-biotin-complex immuno-
peroxidase; S and D: same technique as in Figure 1; A and B, x32.5; C and
D, x125)

out apparent relations with the type of hormone pro-
duced by the neoplastic cells. A notable exception was
represented by PP-producing tumors, the majority of
which showed sparse or no cluster-type immunoreac-
tion. This pattern was the only type of immunoreac-
tion seen in most malignant tumors. Such a feature
reflected a lesser degree of tumor cell differentiation,
as exemplified by the previously mentioned case of
the tumor re-examined after 8 years, in which the
clear-cut variation over time from a predominant
granular pattern to a lonely cluster-type pattern was

Vol. 1 32 * No. 2
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Figure 6-Uver metastases of an islet cell carcinoma composed of insulin-
containing (A) and argyrophil (B) cell with segregation of the two cell popula-
tions to different tumor clusters. While the cluster pattem of HISL-19 immu-
nostaining (C) is present in both cell types, the granular pattem is prominent
in insulin cells (on the left) and absent or inconspicuous in argyrophil cells
(on the right). (A: aldehyde-fuchsin stain for beta granules; B: consecutive
serial section to A stained with Grimelius' silver method; C: same section as
B decohrzed and immunostained for HISL-19, X130)

well documented (Figures 6 and 7). It must be noted
also, however, that the majority of benign insulino-
mas were characterized by a marked predominance of
cluster-type immunoreaction. In some of these tu-
mors, areas with prominent immunoreactive cells
were sharply demarcated from areas composed ofun-
reactive cells (Figure 8).
Although immuno-ultrastructural localization of

HISL- 19 MAb in this material was prevented by tech-
nical reasons,3 the analysis of conventional electron
micrographs from the same tumors revealed a close
analogy ofthe HISL- 19 immunoreactive clusters with
the Golgi apparatus of the neoplastic cells in terms of
size, shape, and intracellular location. In contrast, no

relationship was found with lysosomal bodies, which
occasionally contained secretory granules undergoing
a process of crinophagy. On the basis of the present
study, however, it cannot be overlooked that other cy-
toplasmic constituents may in part contribute to the
cluster-type pattern ofHISL- 19 immunoreactivity.

Small, dotlike clusters ofHISL- 19 immunoreactive
material also were found frequently in extratumoral
exocrine structures, namely in the center of exocrine
acini (possibly centroacinar cells or intercalate duct
cells) and in the epithelium of small ducts (Figure 9).
These clusters were identical to those already de-
scribed in the bronchial and gallbladder mucosa and
in the small ducts of salivary glands.2 They were dis-
tinctly smaller than those found within the tumor islet
cells but, at least in duct cells, they showed the same
supranuclear localization. It should be noted, how-
ever, that the dotlike clusters were present only in the
epithelium of the small pancreatic ducts while they
were absent in the contiguous epithelium of large
ducts, except for occasional intraductal endocrine
cells (Figure 9). Immunoreactive clusters were not
seen in liver cells adjacent to the hepatic metastases of
islet cell carcinomas.
The extratumoral islets consistently showed a

marked granular staining with the HISL- 19 MAb.
The reaction was clearly more intense in the peripher-
ally located glucagon-containing cells.

Discussion
It has been shown that immunostaining of islet cell

tumors with the MAb HISL- 19 results in 2 patterns of
immunoreaction, which for the intracellular location
and the structure ofthe immunoreactive material can
reasonably be assigned to different compartments of
the tumor cells. The first pattern, showing fine granu-
lar material often accumulated in the basal cytoplasm
of tumor cells, obviously reflects the cell content of
secretory granules. The second pattern is character-
ized by irregular supranuclear clusters ofcoarse mate-
rial sometimes having a crescentlike or a ringlike
shape. Although technical reasons prevented a direct
immunohistochemical localization at the ultrastruc-
tural level in this material, several lines of evidence
indicate that the cluster-type pattern of HISL- 19 im-
munoreactivity mostly corresponds to the structures
ofthe Golgi apparatus of the tumor cells. In addition
to secretory granules, a selective localization of the
HISL-19 protein to the cisternae and vesicles of the
Golgi complex was demonstrated in bovine pancre-
atic islets with immuno-electron microscopy using the
pre-embedding procedure.3 In the same study, the lo-
calization ofthe HISL- 19 reactive protein in the Golgi
apparatus was also demonstrated in the cells of the
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Figure 7-Extensive cluster-type and absent
granular-type HISL-1 9 immunostaining in tumor
tissue of the same patient as in Figure 6 re-
moved 8 years later. Neither insulin immunore-
activity nor argyrophil staining persisted in tu-
mor cells examined in consecutive sections.
(Same technique as in Figure 1, x275)

adrenal medulla where, however, chromaffin granules
were unreactive. Moreover, the present investigation
showed a close analogy between the optical appear-
ance ofHISL- 19 immunoreactive clusters and the ul-
trastructure ofthe Golgi complexes ofthe same tumor
in terms of size, shape, and intracellular location. A
minor contribution of other cytoplasmic constituents
to the cluster-type immunoreactivity cannot be ex-

cluded, however.
The staining characteristics of the HISL- 19 MAb

show some interesting differences from those of the
most common neuroendocrine markers proposed in
recent years. These markers can be conveniently sub-
divided into 2 categories4: 1) those reacting with anti-
gens stored in the cell secretory granules, such as anti-
bodies against chromogranin A,'3 PHE5,'4 and preal-

Figure 8-Insulin-secreting adenoma with co-
existence of well-defined areas showing both

types of HISL-19 immunostaining (on the right) t't
and of areas virtually unreactive (on the left).
(Same technique as in Figure 1, x275)

bumin'5; and 2) those reacting with antigens diffused
in the cell cytoplasm, such as antibodies against neu-

ron-specific enolase'6 and PGP 9.5.17 Studies with
chromogranin A'8 have shown that the staining of
neuroendocrine granular markers essentially corre-

sponds to that found after the Grimelius5 silver
impregnation.
The granular pattern of immunoreaction obtained

with HISL- 19 MAb largely overlaps the pattern pre-

sented by neuroendocrine markers against granular
antigens, as it could be verified by staining ofadjacent
sections of the tumors included in the present study.4
In this regard it is pertinent to recall that the HISL- 19
protein(s) are not related with chromogranins.3 As a

marker for the secretory granules contained in the tu-
mor cells, the granular pattern of HISL- 19 immuno-

, 3* '%
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Figure 9-Small dotlike structures (arrow-
heads) showing HISL-19 immunoreactivity are
present in the supranuclear area of the epithelial

*1 i *~ IZ!l | | | | j <b cells of a small duct found in the peritumoral tis-
sue. Contiguous columnar cells (*) of a large
duct do not present immunoreactive reaction.
Strong granular staining is shown by 2 endo-
crine cells intercalated with the ductal epithelial
cells. (Same technique as in Figure 1, x365)
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reactivity has the same advantages and limitations of
other neuroendocrine granular markers.4 Indeed, it
appears to be specific for neuroendocrine tissues but
it is strictly dependent on the granule content of the
cells. Thus, its use as a diagnostic tool in the study of
metastatic tissues ofunknown origin is limited by the
frequent cell degranulation of malignant endocrine
tumors. Moreover, in the specific case of islet cell tu-
mors it is more effective in granulated neoplastic cells
containing glucagon or PP than in those containing
insulin. The present results also indicate that the
HISL-19 protein(s) are either absent or below the
threshold of immunohistochemical detection in the
secretory granules of most insulin-producing tumors,
either benign or malignant. In addition, granular
HISL- 19 immunostaining also was inconsistent in the
argyrophil cells of insulin-secreting tumors, a type of
granulated cells whose secretory product has not yet
been identified.'9
The cluster-type reaction associated with the Golgi

area ofthe islet tumor cells is a peculiar feature ofim-
munostaining with the HISL- 19 MAb not observed
with other neuroendocrine markers. In contrast with
the granular pattern, the cluster-type reaction was
found to occur consistently in insulin-secreting tu-
mors while it was absent or negligible in most PP-pro-
ducing tumors. Although the cluster-type pattern also
occurs in some nonendocrine tissue and related neo-
plasms,2 the large and irregular size of the HISL- 19
stained aggregates in islet cell tumors, which is related
to the often conspicuous development ofthe Golgi ap-
paratus in these peptide synthesizing and processing
cells, may be an useful marker for the recognition of
the tumor origin. Due to the demonstration ofseveral
HISL- 19 proteins with different molecular weight,' it
is possible that the proteins identified in the Golgi
complex and in the granules are different.

In conclusion, the staining of a series of islet cell

neoplasms with the MAb HISL- 19 has revealed 2 pat-
terns of immunoreaction: 1) a granular pattern,
mostly associated with well-differentiated tumors and
with tumors producing glucagon and PP; and 2) a
cluster, Golgi-related pattern, which was well repre-
sented in all types of tumors except those producing
PP and was independent from the benign or malig-
nant nature of the tumors. These distinctive staining
characteristics, in particular the latter one, allow the
HISL- 19 MAb to provide more information useful for
the cytologic analysis of the endocrine tumors of the
pancreas than other neuroendocrine markers cur-
rently available. It is also suggested that islet cell tu-
mors, with their frequent large collections ofislet cells
showing peculiar cytologic conditions, may represent
an useful tool for the study of the intracellular local-
ization ofantigens defined by monoclonal antibodies.

References

1. Srikanta S, Krisch K, Eisenbarth GS: Novel islet pro-
teins defined by monoclonal islet cell antibody HISL-
19: Identification and characterization. Diabetes 1986,
35:300-305

2. Krisch K, Buxbaum P, Horvat G, Krisch K, Neuhold
N, Ulrich W, Srikanta S: Monoclonal antibody HISL-
19 as an immunocytochemical probe for neuroendo-
crine differentiation: Its application in diagnostic pa-
thology. Am J Pathol 1986, 123:100-108

3. Krisch K, Horvat G, Krisch I, Wengler G, Alibeik H,
Neuhold N, Ulrich W, Braun 0, Hochmeister M: Im-
munochemical characterization of a novel secretory
protein (defined by monoclonal antibody HISL- 19) of
peptide hormone producing cells which is distinct from
chromogranin A, B, and C. Lab Invest, in press

4. Bordi C, Pilato FP, D'Adda T: Comparative study of
seven neuroendocrine markers in pancreatic endocrine
tumors. In preparation.

5. Grimelius L: A silver nitrate stain for a cells in human
pancreatic islets. Acta Soc Med Upsal 1968, 73:243-
270



Vol. 132 * No.2 MAb HISL-19 AND ISLET CELL TUMORS 257

6. Bordi C, De Vita 0, Ferrari C, Altavilla G, Corallini A,
Barbanti-Brodano G: Histological, immunofluores-
cence, and ultrastructural study of malignant islet cell
tumors of the pancreas induced in hamsters by BK hu-
man papovavirus. Am J Pathol 1985, 118:256-265

7. Bordi C, DeVita 0, Pilato FP, Carfagna G, D'Adda T,
Missale G, Peracchia A: Multiple islet cell tumors with
predominance of glucagon producing cells and ulcer
disease. Am J Clin Pathol 1987, 88:153-161

8. Bordi C, Togni R, Baetens D, Ravazzola M, Malaisse-
Lagae F, Orci L: Human islet cell tumor storing pancre-
atic polypeptide: A light and electron microscopic
study. J Clin Endocrinol Metab 1978, 46:215-219

9. Bordi C, Ravazzola M, Baetens D, Gorden P, Unger
RH, Orci L: A study ofglucagonomas by light and elec-
tron microscopy and immunofluorescence. Diabetes
1979, 28:925-936

10. Scearce RM, Eisenbarth GS: Production ofmonoclonal
antibodies reacting with the cytoplasm and surface of
differentiated cells, Methods in Enzymology, Vol. 103.
Edited by SP Colowick, NO Kaplan. New York, Aca-
demic Press, 1983, pp 459-469

11. Srikanta S, Eisenbarth GS: Anti-islet cell monoclonal
antibodies, Methods in Diabetic Research. Vol I: Labo-
ratory methods, part C. Edited by J Lamer, SL Pohl.
New York, John Wiley & Sons, 1984, pp 195-208

12. Bordi C, Bussolati G, Ballerio G, Togni R: Endocrine
tumor of the pancreas composed of argyrophil and B

cells: A correlated light, immunofluorescence and ultra-
structural study. Cancer 1975, 35:436-444

13. Lloyd RV, Mervak T, Schmidt K, Warner TFCS, Wil-
son BS: Immunohistochemical detection of chromo-
granin and neuron-specific enolase in pancreatic endo-
crine neoplasms. Am J Surg Pathol 1984, 8:607-614

14. Riddel K, Tippens D, Gown AM: PHE5, a new mono-
clonal antibody to a unique neuroendocrine granule
protein. Lab Invest 1987, 56:64A

15. Bussolati G, Papotti M, Sapino A: Binding of antibod-
ies against human prealbumin to intestinal and bron-
chial carcinoids and to pancreatic endocrine tumors.
Virchows Arch Cell Pathol 1984, 45:15-22

16. Tapia FJ, Polak JM, Barbosa AJA, Bloom SR, Mar-
angos PJ, Dermody C, Pearse AGE: Neurone-specific
enolase is produced by neuroendocrine tumors. Lancet
1981,I:808-811

17. Rode J, Dhillon AP, Doran JF, Jackson P, Thompson
RJ: PGP9.5, a new marker for human neuroendocrine
tumours. Histopathology 1985,9:147-158

18. Rindi G, Buffa R, Sessa F, Tortora 0, Solcia E: Chro-
mogranin A, B and C immunoreactivities of mamma-
lian endocrine cells: Distribution, distinction from cost-
ored hormones/prohormones and relationship with
argyrophil component of secretory granules. Histo-
chemistry 1986, 85:19-28

19. Bordi C: Endocrine pancreas, Histochemistry in Patho-
logic Diagnosis. Edited by SS Spicer, New York. Marcel
Dekker, 1986, pp 457-479


