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Immunocytochemical staining for islet amyloid
polypeptide in pancreatic endocrine tumors
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Aims/hypothesis: Islet amyloid polypeptide is originally identified as the chief constituent of amyloid in insulinomas
and type 2 diabetic islets. This study aimed to identify islet amyloid polypeptide by immunocytochemical staining in
pancreatic endocrine tumors including 30 cases of insulinomas and non-B-cell pancreatic endocrine tumors.

Results: In normal islets, 62% of islet cells and 52% of insulin cells were granularly positive for insulin and IAPP, respec-
tively, with more insulin positive cells than IAPP positive cells and some densely positive staining for insulin and IAPP in
irregularly shaped a nuclear, degenerating islet 3-cells. In pancreatic endocrine tumors, all 10 insulinomas were positive
for islet amyloid polypeptide but 2 glucogonomas, 1 somatostatinoma, 6 of 7 pancreatic polypeptidomas, all 7 gastri-
nomas and all 3 non-functioning pancreatic endocrine tumors were negative for islet amyloid polypeptide whereas one
pancreatic polypeptidoma was positive for islet amyloid polypeptide.

Methods: Using commercially available rabbit anti-islet amyloid polypeptide antibody, immunocytochemical stain-
ing was performed on 30 cases of pancreatic endocrine tumors, consisting of 10 insulinomas, 2 glucagonomas, 1 so-
matostatinoma, 7 pancreatic polypeptidomas, 7 gastrinomas and 3 non-functioning pancreatic endocrine tumors.
Pancreatic tissues containing pancreatic endocrine tumors were systematically immunostained for insulin, glucagon,
somatostatin, pancreatic polypeptide, gastrin and chromogranin A, in addition to islet amyloid polypeptide. When nor-
mal pancreatic tissues adjacent to pancreatic endocrine tumors were present, insulin, glucagon, somatostatin and islet
amyloid polypeptide positive cells were counted for a total of 20 islets, which were divided into large islets and medium

islets for each case.

Conclusions/Interpretations: All 10 insulinomas and 1 pancreatic polypeptidoma were granularly positive for islet
amyloid polypeptide, suggesting all 10 insulinomas contained enough insulin granules for IAPP whereas only one non-
3-cell pancreatic endocrine tumor was co-localized with islet amyloid polypeptide in their secretary granules.

Introduction

Islet amyloid polypeptide (IAPP) is a 37 amino acid polypeptide
that is originally identified as the chief constituent of amyloid
present in insulinomas' and in the islets from type 2 diabetics.*
IAPP is co-localized in B-granules and co-secreted into the blood
stream with insulin in response to glucose- and amino acid-
stimulated insulin secretion.’ In fetal islets, IAPP is co-localized in
insulin-cells at 50% frequency whereas glucagon and somatosta-
tin (SRIF) cells were co-localized with IAPP at 1.4 and 2.6%,
respectively, by immuofluorescence study.’” By double immuno-
cytochemical staining, Iki and Pour reported 50% of insulin cells
positive for IAPP and none of the glucagon cells were co-stained
for IAPP in non-diabetic islets; whereas there were some islet cells
co-expressing both SRIF and IAPP in atrophic type 2 diabetic
islets.® We had previously immunostained pancreatic endocrine
tumors (PETs) consisting of insulinomas, glucagonomas, pancre-
atic polypetidoma (PPomas), gastrinomas and non-functioning
tumors, revealing all insulinomas and at least some non-f3-cell
tumors weakly positive for IAPP, suggesting that some neoplastic
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non-B-cell tumors were positive for IAPP although non-f-cell
tumors were weaker stained than insulinomas.” We had initially
used polyclonal rabbit antihuman IAPP at 1:200 dilution, result-
ing in overstaining for IAPP in some islet cells and PET cells’ and
this study re-examined using more diluted antibody at 1:400 to
1:800 in order to detect granular cytoplasmic immunopositive
staining for secretary granules in normal islet cells and PET cells.
In this study, we employed immunocytochemical staining using
continuous sections for all four pancreatic hormones and IAPP

in addition to double immunostaining for pancreatic hormones
and IAPP.

Results

Normal islets. Six normal pancreatic tissues adjacent to the PETs
were examined for insulin, glucagon, SRIF and IAPP positive
cells. All three pancreatic hormone stainings were granular in
the cytoplasm and so was IAPP staining. In continuous sec-
tions, cytoplasmic positive staining for both insulin and IAPP
was quite variable from moderately to strongly positive whereas
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x100.

Figure 1. Control islets. Insulin cells were the major cells (about 60%) with abundant cytoplasm of variable staining intensity, followed by glucagon
cells (about 30%) with small densely immunostained cytoplasm and SRIF cells (@about 10%). IAPP-positive cells with abundant cytoplasm accounted for
about 35% of total islet cells and about 52% of insulin-positive cells. Both insulin and IAPP immunostaining revealed scattered, dense positive staining
in irregular, sickle shaped cytoplasm with lesser staining density for IAPP than that of insulin (¥). For counting IAPP-positive cells, granular staining (.)
and negative cytoplasmic staining (,) were separately counted. (A) Insulin, (B) IAPP, (C) glucagon and (D) SRIF immunostained. Original magnification

non-B-cell cytoplasmic staining was somewhat smaller but uni-
formly stronger immunostained for the hormones than that of
insulin- and IAPP-positive cells (Fig. 1A-D). The periphery of
islet was stronger stained for insulin whereas IAPP immunostain-
ing was stronger in mid portion of islet lobule (Fig. 1A and B).
Insulin positive staining was 62% in large and medium islets,
and was generally stronger stained with granular appearance
than that of granular IAPP staining of 35 and 40% in large islets
and medium islets, respectively, corresponding to more than half
of the insulin secretary granules being positive for IAPP (Fig. 1A
and B). Glucagon cells were 26 and 24% and SRIF cells were
10 and 13% in large and medium islets, respectively (Fig. 1C
and D and Table 1). Some scattered strongly insulin positive
cytoplasm was diffusely and densely positive without granular
appearance, representing about 10-15% of the B-cells, as also
diffusely stained for IAPP, consistent with positive staining in the
degenerated, irregularly twisted B-cell cytoplasm, some of which
were without nucleus (Fig. 1A and B). Glucagon cells revealed
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small, uniformly and strongly stained cytoplasm, located mostly
in the periphery of islet and outer islet lobule (Fig. 1C); whereas
SRIF cells were located in mid portion of islet lobule adjacent to
insulin cells, containing abundant cytoplasm of compatible sizes
of insulin cells (Fig. 1D).

Pancreatic endocrine tumors. All 10 insulinomas were
positive for insulin, which were also positive for IAPP immu-
nostaining with insulin staining stronger than that of IAPP
(Fig. 2A-F and Table 2). In the mid portion of insulinoma
Case 1, there were scattered nests of irregular, sickle-shaped
tumor cells, which were densely positive stained for insulin and
IAPP, consistent with degenerating cytoplasmic positive stain-
ing in this Case 1 (Fig. 2A and B). In a moderately insulin
positive Case 2 (Fig. 2C), IAPP was also moderately positive
(Fig. 2D), in which a double immunostaining for insulin and
IAPP revealed a few non-B-cells were positive for IAPP only by
blue staining in adjacent normal islets and most of insulinoma
cells were positive for both insulin (brown) and IAPP (blue)
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Table 1. IAPP immunostaining for pancreatic Islets

Large Islets Medium Islets
TotalIslet %Ins %Glu %SRIF %IAPP %IAPP/Ins Totallslet %Ins %Glu %SRIF %IAPP % IAPP/Ins
Insulinomas (n = 3)
Csse 1.17/F 65.2 64.8 21.8 12 42.6 40 24.2 66.2 224 11.3 36.5 55.1
Case 2.52/M 53.6 61 29.7 8.7 39 72.7 22 53.2 33.2 10.5 43 80.8
Case 3.66/F 65.8 55.5 32.8 11.8 42.5 76.7 259 66.7 21.1 12.5 41.6 62.4
Somatostatinoma (n = 1)
Case 1. 42/F 58.7 75 16.3 73 24 40.9 19 71.6 15.1 14 40.4 56.4
PPoma (n=1)
Case 1.33/M 64 58.2 27.8 14 27 42.2 19.5 59.4 23.2 17.7 41.3 69.5
Non-functioning tumor (n = 1)
Case 1.66/M 94.5 58.2 29.5 9.7 36.7 38.8 269 58.4 374 13.8 37 63.3
Mean(n = 6) 67 62.1 26.3 10.6 353 51.9 229 62.6 237 13.3 40 64.6
SE 5.8 29 2.5 1 3.3 7.2 1.3 2.8 2.5 1 1.1 39

Ins, insulin; Glu, glucagon; SRIF, somatostatin; IAPP, islet amyloid polypeptide.

(Fig. 2D). One malignant insulinoma Case 3, which metasta-
sized to the liver, tumor cells were diffusely moderately posi-
tive for insulin (Fig. 2E) and were diffusely weakly positive
for IAPP (Fig. 2F) with a scattered strongly positive tumor
cell cytoplasm for both insulin and IAPP (Fig. 2E and F).
Two glucagonomas and one SRIFoma were negative for IAPP
(Table 2). One PPoma showed granular moderately positive
staining for PP and IAPP (Fig. 3B and D) whereas it was nega-
tive for insulin, glucagon (Fig. 3A and C) and SRIF. Six of seven
PPomas, all seven gastrinomas and all three non-functioning
tumors were negative for IAPP (Table 2), in the latter tumor
cells were negative for insulin, IAPP, glucagon and PP by double
immunostianing (Fig. 3E, F and H) and were negative for SRIF
immunostaining as well (Fig. 3G).

Discussion

IAPP was originally isolated from amyloid stroma of insulinoma’
tissues and interstitial amyloid deposits from type 2 diabetic
islets.” There is a general agreement on that B-cell secretary
granules contain IAPP and that insulin and IAPP are co-secreted
into the blood in glucose- and amino acid-stimulated secretion.?
With fetal pancreas, Portela-Gomez et al. initially reported that
about 50% of insulin cells were positive for IAPP,’ but fetal pan-
creas is different from adult pancreas in that fetal pancreatic islets
contain less insulin and IAPP and that fetal islets contain imma-
ture islet cells with multi-potential differentiation.® Rindi et al.
reported co-localization of insulin and IAPP in B-cell granules,
but no presence of IAPP in non-B-cell granules by immunoelec-
tron microscopy,” which is less sensitive than light microscopic
immunocytoche-mical staining.

Our previous work using IAPP antibody at 1:200 dilution
revealed that practically all islet cells were positive for IAPP
with more IAPP positive cells than insulin cells.”!® The cur-
rent study using more diluted anti-IAPP antibody at 1:400 and
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1:800 dilutions, revealed less IAPP positive cells than insulin
cells, however, there were definitely more IAPP-negative cells
than insulin-negative cells using the higher diluted antibody
(Fig. 1A and B). Some IAPP-negative cells corresponded to
the location of non-B-cells including glucagon and SRIF cells
(Fig. 1B-D).

There were scattered densely positive cells for insulin and IAPP
in irregular, sickle-shaped cytoplasm as compared with granular
positive staining in the majority of plump and round cytoplasm
of morphologically viable B-cells, the former were consistent with
degenerating islet B-cells without nucleus in some cells, which
appeared to be on the process of apoptosis, and more frequently
observed in the islets from both type 1 and type 2 diabetic sub-
jects (non-published data). Similar twisted and densely positive
cytoplasm for insulin and IAPP was observed in scattered insu-
linoma cells (Fig. 2A, B, E and F) but not in one IAPP-positive
PPoma (Fig. 3A and D).

Both Portela-Gomez et al. with fetal islets and Iki and Pour
with adult islets reported about 50% of insulin cells positive for
IAPP,>® and our results showed about 15-20% of anuclear insu-
lin cells were strongly and densely positive for IAPP and about
50-60% of islet cells including the majority of insulin cells and
a few non-B-cells were at least moderately and granularly positive
for IAPP (Table 1 and Fig. 1). This lesser IAPP immunostain-
ing than insulin staining in {3 islet cells corresponds to a ratio of
insulin to IAPP of 20:1 in the serum levels."!

There is a disagreement on immunopositive staining for IAPP
in non-B-cells. In fetal islets, Portela-Gomez et al. reported that
glucagon and SRIF cells were positive for IAPP at 1.4 and 2.6%,
respectively,’ whereas with normal adult islets Iki and Pour
reported none of the glucagon cells were positive for IAPP, but
in type 2 diabetics, some islets in the atrophic islets were positive
for both SRIF and IAPP.® Our current results also support that
at least a few non-P-cells are positive for IAPP at weaker than
insulin cells (Fig. 1).
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Figure 2A-F. Insulinoma cases. Case 1 (A and B), Case 2 (Cand D) and Case 3 (E and F). Case 1, benign insulinoma, revealed diffusely strongly positive
staining for insulin (A) and diffusely moderately positive staining for IAPP (B) with scattered dense staining for insulin (., some of which were dense
sickle-shaped cytoplasm, often showing no nucleus (¥). Case 2, another benign insulinoma, was moderately positive for insulin (C) and weakly positive
for IAPP. A double immunostianing for insulin (brown) and IAPP (blue) revealed the same tumor cells positive for both insulin and IAPP (D). Case 3, ma-
lignant insulinoma, revealed diffusely moderately positive staining for insulin (E) and diffusely weak staining for IAPP (F) with some scattered strongly
positive cells for insulin () only. (A, Cand E) Insulin, (B and F) IAPP, (D) a double immunostained for insulin (brown) and IAPP (blue).
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Figure 3. IAPP-positive PPoma (A-D) and IAPP-negative non-functioning tumor (E-H). This PPoma revealed many strongly PP positive cells (D) and
scattered moderately IAPP positive cells (B) whereas tumor cells were negative for insulin (A), glucagon (C) and SRIF. This non-functioning tumor was
negative for IAPP (F and H) and was also negative for insulin (E and F), glucagon (E), SRIF (G) and PP (H). (A) Insulin, (B) IAPP, (C) glucagon, (D) PP, (E)
insulin/glucagon double stained, (F) IAPP/Insulin double stained, (G) SRIF, (H) IAPP/PP double immunostained.
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Table 2. IAPP immunostaining for pancreatic endocrine tumors

Types of PETs Total Numbers Locations IAPP Immunostaining
. Pancreas -9 Positive -9
Insulinomas 10 ) -
Liver meta -1 Positive -1
Pancreas -1 Negative-1
Glucagonomas 2 . .
Liver meta -1 Negative -1
Somatostatinoma 1 Pancreas -1 Negative -1
PPomas 7 Pancreas -7 Positive -1 Negative -6
Pancreas -5 Negative -5
Gastrinomas 7 Duodenum -1 Negative -1
Liver meta -1 Negative -1
Non-functioning 3 Pancreas -3 Negative -3

Meta, metastasis.

In PETs, two reports in favor for IAPP immunoreactive
PETs were reported. Rindi et al. reported IAPP immunos-
taining on P-cell granules by immunoelectron miscroscopy,
whereas 20 of 21 PETs (95%) consisting of 10 insulinomas,
1 glucagonoma, 2 gastrinomas, 1 vipoma and 7 non-functioning
tumors were at least partially positive for IAPP by immunocy-
tochemical staining.” Using the same IAPP antibody as ours,
Eissele et al. studied 65 cases of PETs in which 13 of 15 insu-
linomas (85%), 3 of 21 gastrinomas (14%) and 2 of 29 non-
functioning tumors (7%) with a total of 18 of 65 cases (28%)
positive for IAPP."? These studies suggest that neoplastic PETs
may present IAPP immunoreactivity as much as non-neoplastic
gastropancreatic endocrine cells.”*?

Our current study revealed less IAPP immunostaining in
PETs than the reported two studies in reference 9 and 11, and
our previous study in reference 7, since only granular positive
staining in the cytoplasm was considered as positive excluding
weak and diffuse cytoplasmic staining. Thus, the weak non-
granular diffuse staining was considered as non-specific cyto-
plasmic staining also shown by the other several neuroendocrine
cell markers."

Regarding the current IAPP immunostaining in PETs, all
10 insulinomas were positive for IAPP. Two glucagonomoma,
1 SRIFoma, 6 of 7 PPomas, all 7 gastrinomas and all 3 non-
functioning PETs were negative for IAPP (Table 2), however,
1 PPoma showed granular positive staining, supporting secretary
granules being positive for IAPP in this PPoma (Fig. 3B and D).
Our previous report on more IAPP positive PETs appeared to
be diffuse staining in the cytoplasm instead of granular staining
in the secretary granules and we conclude now that the previ-
ous positive PETs were over-stained and/or over-interpreted for
less specific diffuse staining, which is less specific than granular
staining in the secretary granules.'” Granular staining for pan-
creatic hormones and IAPP tended to be more heterogenous in
distribution with darker staining in one area than the others and
even focal granular staining with negative staining in the other
cytoplasmic parts of the same cells. In PPomas, not all tumor cells
were strongly granularly positive for PP by immunocytochemi-
cal staining (Fig. 3D), however, electron microscopy revealed
all PPoma cells containing secretary granules from a few dozens
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to densely packed small granules." In the diffuse, non-granular
cytoplasmic staining for enzymes including matrix metallo-
> and

revealed diffuse cytoplasmic staining without

proteinases and tissue inhibitors of metalloproteinases'
metallothionine'®
granular appearance.

The disagreement on how many islet cells and PET cells are
positive for IAPP depends on the specificity of each IAPP utilized
by each investigators. Portela-Gomez et al. used a different anti-
body from ours,’ and Iki and Pour also used different IAPP anti-
body from ours,® who reported about the same immunopositive
cells as ours despite using the similar polyclonal antibody. We
incubated the sections with primary IAPP antibody overnight at
4°C, which may have achieved stronger IAPP positive staining
than the others and Iki and Pour did not disclose the specific
incubation condition.

Our results support a majority of B-cells, about 52-63% of
B-cells were positive for IAPP and there were scattered strongly,
cytoplasmic positive staining for insulin and IAPP in anuclear,
sickle-shaped degenerating 3-cells in normal islets and in insu-
linoma cells, which may well be in the degenerating process
leading to apoptosis. These strongly immunostained cytoplasm
may be a post-apoptosis marker for degenerating cells as also
revealed by a nuclear apoptosis marker by nuclear staining in
islet cells and PET cells by cleaved caspase-3 immunostaining
previously reported in reference 17. In PETs, all 10 insulinomas
were positive for IAPP of variable staining intensity depend-
ing on the abundance of insulin secretary granules, and at least
one PPoma was positive for IAPP, and perhaps more non-f-cell
PETs may well be at least partially or focally positive for IAPP
regardless of the pancreatic hormone production and secretion
status.

IAPP plays an important role in glucose-homeostasis by sup-
pressing postprandial glucose excursion through suppressing glu-
cagon surge, thus compliments the effects of insulin by regulating
the rate of glucose flow to the blood stream.”® TAPP signals the
stomach to regulate the rate of gastric emptying and also reduces
food intake by centrally stimulating satiety.”” A synthetic IAPP,
Pramlintide® (Pro-h-IAPP with three amino acid replacements
for IAPP) was approved by the Federal Drug Administration for
treating diabetes and has been used for glycemic control in type
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1 and type 2 diabetics, who are treated with insulin for IAPP
deficient secretion.'”*

Finally, IAPP is depleted in B-cells from type 1 and type 2
diabetics, whereas amyloid accumulates in perivascular inter-
stitium of type 2 diabetic islets. Freshly prepared intermediate
IAPP polymers (25-6,000 IAPP molecules) have a toxic effects
on islet B-cells and relocation and misfolding of granular IAPP
in islet B-cell cytoplasm to perivascular, amorphous interstitial
amyloid deposits in islet without granular appearance consisting
of IAPP polymers (>10° IAPP molecules per particle) is a much
debated subject as a cause or result for type 2 diabetes.**** By
our immunocytochemical staining, B-cell granules were more
densely stained for IAPP than non-granular interstitial amyloid
deposits in type 2 diabetic islets, for the latter, pretreatment of
the deparaffinized sections with formic acid enhances immuno-
cytochemical staining for amyloid and IAPP.»

Materials and Methods

A total of 30 cases of PETs from the University of Kansas Medical
Center, obtained between 1974 and 2001, were included for this
study, and were selected among the previously reported cases,’
which were immunostained for IAPP using 1:400 to 1:800 dilu-
tion of the antibody, so that both strongly to weakly granular
immunostained cells could be identified in both normal islets and
PETs. The PETs consisted of 10 insulinomas, 2 glucagonomas,
1 SRIFoma, 7 PPomas, 7 gastrinomas and 3 non-functioning
tumors. All tissue specimens were routinely fixed in 10% neu-
tral formalin and embedded in paraffin. For immunocytochemi-
cal staining, all deparaffinized sections were treated with 0.1 N
citrate buffer (pH 6.2) at 100°C for 10 min using a high pres-
sure cooker (Biocare Medical). For IAPP immunostaining, the
sections were initially incubated overnight at 4°C with rabbit
antihuman TAPP 1-13 at 1:400 to 1:800 dilution (Peninsula
Laboratory). All the continuous tissue sections were systemati-
cally immunostained for insulin, glucagon, SRIF, PP, gastrin and

CgA. The normal islets adjacent to PETs were calculated for hor-
mone positive cells including, insulin, glucagon and SRIF cells,
except PP cells as PP cells represented the smallest percentage
of islet cells and their relative percentages were so variable from
one case to the other and even from one slide to the others in the
same cases. In each normal pancreas, six normal pancreatic tis-
sues containing more than 20 islets were systematically counted
for insulin, glucagon and SRIF cells to count the total islet cell
numbers by adding all three pancreatic hormone containing
cells. Normal islets were divided into large islets containing 67.0
+ 5.8 (40-130) cytoplasms and medium islets containing 22.9 +
1.3 (15-39) cytoplasms and islet cytoplasms were similarly calcu-
lated for pancreatic hormone and IAPP positive cells, respectively,
whereas small islets of less than 14 islet cytoplasms were excluded
as these small islets tended to show a wide variation of each pan-
creatic hormone cells and IAPP positive cells as also recognized
for a variable cleaved caspase-3 positive islet cells reported previ-
ously by us in reference 16. For a double immunostaining, the
sections were initially immunostained using diaminobenzidine
tetrahydrochloride (Dojindo Molecular Technology) for brown
color, then sections were incubated with the second antibody
from the different animal source from the first immunostaining,
and streptavidin-alkaline phosphatase and alkaline phosphatase
substrate kit IV (both from Vector Laboratories) were used for
the second immunostaining for blue color as previously reported
by us in reference 17.
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