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Metallothioneins (MTs) are intracellular proteins
that bind to metal ions and are involved in heavy
metal homeostasis and detoxification. Pancreatic
islets were shown to be positive for zinc-containing
matrix metalloproteinase-2 and -9 by immunocyto-
chemical staining. The immunolocalization of ma-
trix metalloproteinases in pancreatic islets
prompted us to study further the link between zinc
and MT in 34 cases of pancreatic endocrine neo-
plasms, including insulinomas, glucagonomas, gas-
trinomas, pancreatic polypeptide-omas, and non-
functioning endocrine neoplasms. Four types of
islet cells were found to be positive for MT, whereas
pancreatic endocrine neoplasms mostly were either
weakly positive or negative for MT. The presence of
MT in normal islet cells and pancreatic endocrine
neoplasms is consistent with the notion that MTs
modulate zinc homeostasis and metabolism in pan-
creatic islet cells and pancreatic endocrine neo-
plasms as those tissues contain zinc-containing ma-
trix metalloproteinases.
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Metallothioneins (MTs) are low molecular weight
(6000 to 7000) intracellular proteins, generally con-
taining 61 amino acid residues (1). Because of the
presence of 20 cysteines in the MT molecule, a total
of 7 equivalents of bivalent metal ions (1), including
zinc, copper, cadmium, mercury, and platinum,
can be bound (2). MTs thus are involved in ho-
meostasis of essential metals, including zinc and
copper (2). MTs are found in normal mammalian
tissues such as thymulin-containing thymic epithe-
lial cells, myoepithelial cells (3), germinative cells
and eccrine sweat coil cells of skin (3, 4), and Sertoli

cells (5) and parenchymal cells of liver, kidney, and
lung (2, 5, 6). Pancreatic b islet cells are known to
use zinc to form the insulin dimer within b islet cell
granules (7–9). Both zinc-containing matrix metal-
loproteinase (MMP)-2 and -9 and tissue inhibitor of
metalloproteinase-1 and -2 have been immunocy-
tochemically localized in b cells, non-b cells, and
pancreatic endocrine neoplasms (10). Furthermore,
the cytosols of pancreatic endocrine neoplasms,
including those of insulinomas and glucagonomas,
have showed high levels of MMPs and tissue inhib-
itors of metalloproteinase using enzyme immuno-
assays (11). More recent, we have detected immu-
noreactive MT in human pancreatic islets and
pursued to immunocytochemically localize MT in
pancreatic endocrine neoplasms.

MATERIALS AND METHODS

A total of 34 cases of pancreatic endocrine neo-
plasms were collected from surgically resected
cases and autopsy cases at the University of Kansas
Medical Center between 1974 and 1998, consisting
of 12 insulinomas, 3 glucagonomas, 10 gastrino-
mas, 6 pancreatic polypeptide (PP)-omas, and three
nonfunctioning endocrine neoplasms. All tissues
initially were fixed in 10% neutral formalin and
were embedded in paraffin. Deparaffinized serial
tissue sections were treated with citrate buffer (0.1
N, pH 6) for 10 min in a microwave oven (12). The
four pancreatic hormones—insulin, glucagon, so-
matostatin release-inhibiting factor, and PP—as
well as gastrin and chromogranin A were stained in
serial tissue sections using avidin-biotin peroxidase
method as reported previously (10, 11, 13). MT im-
munostaining was performed with rabbit anti-
mouse MT I antibody (1:500 dilution), and avidin-
biotin alkaline phosphatase method was used as
reported (14). This polyclonal antibody was raised
against synthetic peptide corresponding to the ter-
minal 15 amino acids of mouse MT I (14, 16). A
similar antiserum was previously used for immuno-
cytochemical staining with mouse pancreatic islets
(17).
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RESULTS

Normal Pancreatic Islets
The consecutive sections were systematically

stained for the four pancreatic hormones, gastrin,
chromogranin A, and MT, and the staining patterns
were compared between pancreatic hormones and
MT. The normal islets from the tail portion showed
numerous, centrally located insulin cells, peripher-
ally located glucagon cells, scattered somatostatin
release-inhibiting factor cells, and a few PP cells by
the immunoperoxidase method. All four kinds of
islet cells were positively stained for MT by the
alkaline phosphatase method. The smaller islets
from the head portion revealed insulin cells in the
middle portion of the islets, which positively

stained for MT, whereas the less numerous gluca-
gon cells showed partial MT stains, and many PP
cells at the periphery of the islets stained lesser for
MT (Fig. 1).

Pancreatic Endocrine Neoplasms
The patterns of MT immunostaining were com-

pared between normal islets from adjacent pancre-
atic tissue and endocrine neoplasms. Among 12
cases of insulinomas, including 1 malignant one, 10
cases were moderately stained and 2 cases were
weakly stained for insulin, whereas all insulinomas
were less stained for MT compared with normal
islet cell staining (Table 1). Three and eight cases
were moderately and weakly positive for MT, re-

FIGURE 1. Two islets from head portion of normal pancreas. Insulin cells were mostly centrally located whereas glucagon cells and a few
somatotropin release-inhibiting factor cells were scattered in the islets, and numerous PP cells were peripherally located. MT staining corresponded
mostly to that of insulin cells. Immunostained for insulin (A), glucagon (B), somatostatin release-inhibiting factor (C), pancreatic polypeptide (D),
and metallothionein (E) (2653).
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spectively, and one case was negative for MT (Fig. 2;
Table 1). All three cases of glucagonomas were neg-
ative for MT (Table 2). Among 10 cases of gastrino-
mas, 3 cases were strongly positive, 3 cases were
moderately positive, and 4 cases were weakly pos-
itive for gastrin (Table 3). Five cases were weakly
positive and five cases were negative for MT (Fig. 3;
Table 3). Among six cases of PPomas, two cases
were moderately positive and four cases were
weakly positive for PP, whereas two cases were
weakly positive, and four cases were negative for
MT (Fig. 4; Table 4). Among three cases of nonfunc-

tioning endocrine neoplasms, all were negative for
the four pancreatic hormones and gastrin but were
positive for chromogranin A, in which one case was
weakly positive and two cases were negative for MT
(Fig. 5; Table 5).

DISCUSSION

MTs are widely and ubiquitously distributed in
many mammalian tissues (1, 18, 19). The present
study revealed preferential immunolocalization of
MT in human pancreatic islets. The presence of MT
in human islets corresponds to the concomitant
presence of zinc and MMPs in islet tissue. The
histochemical presence of zinc in human islets has
been recognized since the 1960s (7, 8) as b islet cells
contained trace amounts of zinc, which binds to the
B-5 histidine of the insulin molecule. The preferen-
tial presence of MMPs in islets was discovered in
the 1990s (10, 11). MMP and tissue inhibitor of
metalloproteinase homeostasis is involved in re-
modeling, differentiating, and dedifferentiating
processes in both normal islets and pancreatic en-
docrine neoplasms (10). The further finding of MT
immunoreactivity in pancreatic endocrine neo-
plasms suggests the participation of MT in zinc
homeostasis and metabolism and implicates a
more complex role for zinc in pancreatic hormone
synthesis and secretion (10, 11). Among the four
distinct islet cell types, b cells were more strongly
stained than non-b cells for MT. The current study
with pancreatic endocrine neoplasms disclosed
that non-b cell tumors, including ectopic hormone-
producing gastrinoma, were also positive for MT,
although the staining intensity was weaker for
non-b cell tumors than for insulinomas. This posi-
tive staining further supports the presence of MT in
all four islet cell types and pancreatic endocrine
neoplasms. It was evident that immunocytochemi-
cal staining for MT was somewhat weaker for pan-

TABLE 1. Summary of Islet Cell Tumors and MT Immunostaining in Insulinomas

Case No. Age/Sex Location Size (cm)
Insulin Staining MT Staining

Islets Tumor Islets Tumor

1 17/F Head 1.5 3 1.0 111 1 111 2
2 19/F Body 1.5 3 1.5 111 11 11 1
3 20/F Tail 1.8 3 1.8 111 11 11 1
4 47/F Head 0.7 3 0.5 111 11 11 1
5 52/M Tail 1.2 3 1.0 111 11 11 1
6 64/F Tail 7.0 3 7.0 111 1 11 1
7 68/F Head 1.7 3 1.5 111 11 11 1
8* 68/F Body/Tail 6.5 3 6.0 111 11 11 11
9* 71/F Liver metastasis NA 11 NA 11

10a 71/M Head 1.4 3 1.2 111 11 11 11
11 79/F Head 1.5 3 1.4 111 11 11 1
12 84/F Body 1.7 3 1.3 111 11 11 1

MT, metallothionein; 111, strongly stained; 11, moderately stained; 1, weakly stained; 2, negatively stained; NA, not available.
a Autopsy case.
* Same case.

FIGURE 2. Insulinoma Case 4. The non-neoplastic islets (I) in the
adjacent normal pancreas were strongly positive for both insulin and
metallothionein, whereas insulinoma cells (T) were moderately stained
for both insulin and metallothionein. Immunostained for insulin (A)
and metallothionein (B) (2653).
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creatic endocrine neoplasms as compared with the
staining intensity for MT in the normal islets. This
lesser staining for MT in pancreatic endocrine neo-
plasms parallels the lower zinc content in pancre-
atic endocrine neoplasms (9). The lower zinc in
pancreatic endocrine neoplasms may require less
MT for homeostasis and detoxification; however,

the exact reason for the lower content of MT in
pancreatic endocrine neoplasms is unknown.

MT levels are elevated in certain tumors (20, 21),
including breast cancers (22, 23), prostate carcino-
mas (24, 25), testicular embryonal carcinomas (26),
renal cell carcinomas (27), thyroid tumors (28),
brain tumors (29), and others (2, 21, 30, 31). MT

TABLE 2. Summary of Islet Cell Tumors and MT Immunostaining in Glucagonomas

Case No. Age/Sex Location Size (cm)
Glucagon Staining MT Staining

Islets Tumor Islets Tumor

1 43/F Head/Tail 18 3 10 3 8 111 1 111 2
2 60/F Liver metastasis NA 1 NA 2
3a 68/M Tail 0.2 3 0.1 111 11 111 2

MT, metallothionein; 111, strongly stained; 11, moderately stained; 1, weakly stained; 2, negatively stained; NA, not available.
a Autopsy case.

TABLE 3. Summary of Islet Cell Tumors and MT Immunostaining in Gastrinomas

Case No. Age/Sex Location Size (cm)
Gastrin Staining MT Staining

Duodenum Tumor Duodenum Tumor

1 29/F Head 1.5 3 1.0 111 11 11 1
2 31/M LN metastasis NA 11 NA 1
3 31/M Liver metastasis NA 1 NA 2
4 44/F Duodenum 0.8 3 0.6 111 111 11 1
5 45/F Liver metastasis NA 1 NA 2
6 47/F Duodenum 1.5 3 1.0 111 111 1 2
7 50/F Liver metastasis NA 11 NA 1
8 54/M Duodenum 1.0 3 1.0 111 1 1 2
9 57/M Liver metastasis NA 1 NA 2

10 68/M Liver metastasis NA 111 NA 1

MT, metallothionein; LN, lymph node; 111, strongly stained; 11, moderately stained; 1, weakly stained; 2, negatively stained; NA, not available.

FIGURE 3. Gastrinoma Case 4. The gastrinoma cells were strongly
and weakly positive for gastrin and metallothionein, respectively.
Immunostained for gastrin (A) and metallothionein (B) (2653). D,
duodenal mucosa.

FIGURE 4. Pancreatic polypeptide (PP)-oma Case 1. There were a
few PP cells in the normal islet (I), but the tumor cells were diffusely
weakly stained for PP. Metallothionein staining was positive for the
normal islet but negative for the tumor cells. Immunostained for PP (A)
and metallothionein (B) (2653).

392 Modern Pathology



overexpression has been implicated in resistance to
radiotherapy (31) and toxicity to chemotherapy
(32). MT overexpression in breast cancers seems to
be associated with a poorer prognosis (22, 23). In all

cases of pancreatic endocrine neoplasms in this
study, there is no MT overexpression as compared
with that of stronger stained normal islets (Tables
1–5). There is no implication that MT overexpres-
sion is correlated to poor prognosis for pancreatic
endocrine neoplasms as benign insulinomas were
more positive for MT than were clinically malignant
and potentially malignant non-b cell tumors.

Regarding the possible cross-reaction of rabbit
antimouse MT I antibody to human MT I, at least 11
isozymes of human MT I are known, in which the
terminal 15 amino acids in the humans are con-
served and are NacMDPNCSCATGGSCSCamide
(33). This amino acid sequence differs by two
amino acids from that of mouse/rat MT I (1). The
good immunocytochemical staining for human MT
observed in this study suggests an adequate cross-
reaction between the antimouse MT I and human
MT I found in human islets and pancreatic endo-
crine neoplasms. This rabbit antimouse MT I anti-
body cross-reacts with mouse MT II, which has four
amino acid substitutions in the terminal 15 amino
acids compared with mouse MT I (1). MTs are rel-
atively well preserved in many species of animals as
56% of all amino acid residues are conserved in the
37 mammalian MTs reported (1). The commercially
available mouse antihorse MT I antibody has been
widely used for human tissues with good cross-
reactivity (2– 4). The terminal horse MT I is NacM-
DPNCSCVAGGSCTCamide (34) and differs by three
amino acids from that of human MT I.

It is fairly reasonable to speculate that MT is
preferentially present in pancreatic islets based on
these immunocytochemical staining results. Fur-
thermore, because pancreatic tissue contains 100
mg/g wet weight of zinc (9), a functional role for MT
in pancreas seems reasonable (35). MT is at least
involved in zinc homeostasis and metabolism in
pancreatic islets. The presence of zinc-containing
MMPs in islets coincides with the presence of MT in
islets. It is also conceivable that MT may modulate
pancreatic hormone secretion as less staining for
MT is detected in pancreatic endocrine neoplasms,
which generally store fewer hormones than normal

TABLE 4. Summary of Islet Cell Tumors and MT Immunostaining in PPomas

Case No. Age/Sex Location Size (cm)
PP Staining MT Staining

Islets Tumor Islets Tumor

1a 26/F Head 1.5 3 1.0 111 1 11 2
2* 33/M Body/Tail 15 3 14 3 13 111 1 11 1
3* 35/M Liver metastasis NA 1 NA 1
4 68/F Tail 6.0 3 6.0 111 1 11 2
5 70/F Liver metastasis NA 11 NA 2
6 74/F Head 1.1 3 1.0 111 11 111 2

PP, pancreatic polypeptide; MT, metallothionein; 111, strongly stained; 11, moderately stained; 1, weakly stained; 2, negatively stained; NA, not
available.

a Autopsy case.
* Same case.

FIGURE 5. Nonfunctioning tumor Case 2. The tumor cells were
negative for four pancreatic hormones, gastrin, and metallothionein but
positive for chromogranin A. Immunostained for insulin (A),
chromogranin A (B), and metallothionein (C) (2653).
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islet cells. However, further studies are needed to
clarify the interrelationships of pancreatic hormone
synthesis and secretion with zinc, MMPs, and MT
in human islets.
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Book Review

Bowcock AM (ed): Breast Cancer Molecular Ge-
netics, Pathogenesis and Therapeutics, 582
pp, Totowa, NJ, Humana Press, 1999
($145).

This book is primarily for medical and research
personnel whose focus is breast cancer. It repre-
sents a state-of-the-art review of current and future
research directions in breast cancer treatment, di-
agnosis, and pathogenesis. This multiauthored text
is divided into three sections: etiology, biology of
tumor progression, and therapeutics and diagnos-
tics.

The first section, consisting of 10 chapters, is
titled “Etiologies.” This section includes in-depth
discussion of the molecular and genetic alter-
ations that play a role in breast cancer develop-
ment. BRCA 1 and 2; oncogenes; and tumor sup-
pressor genes, including growth factors, Her2/
neu, p53, and apoptotic pathways, are discussed
in detail. An attempt is made to correlate the
genetic alterations with different stages of tumor
progression from atypical ductal hyperplasia to
carcinoma, and the clinical relevance of each
marker is discussed. Three chapters are dedi-
cated to hereditary breast cancer genes with ex-
cellent review of epidemiology, clinical expres-
sion of gene alteration, biologic function of
protein, and genetic counseling. Lacking, how-
ever, is information for determining specific risk
assessment based on pedigree, a practical piece
of information.

The second section, “Biology of Tumor Pro-
gression,” includes chapters that focus on the
interplay between tumor stroma and breast can-
cer progression. Angiogenesis and proteolytic

enzyme systems, including matrix metallopro-
teineases and NM23, are discussed.

The third section, “Therapeutics and Diag-
nostics,” includes excellent discussions on the
mechanism of action and uses of current and
newer chemotherapies in the treatment of breast
cancer. Immunotherapy (i.e., anti-Her2/neu and
anti-MUC1ag), metalloproteinase inhibitors, and
hormone manipulations are discussed. Mecha-
nisms of drug resistance are detailed. This book
is well organized, expertly written, and compre-
hensive.

The references are extensive, although some
are already dated. Although a large part of the
text deals with basic research, the translational
aspect of the information is emphasized and
provides relevant clinical correlations whenever
possible. Another strength is that most chapters
conclude with a summary of the salient points.
The negative aspects of this book is that it is
highly compact with information and as with any
research text is quickly dated.

The approach to breast cancer treatment is
multidisciplinary, which requires a knowledge of
the disease outside of your own subspecialty
practice. Although this book does not specifically
address the practice of general pathology, it pro-
vides important information for pathologists
who are heavily involved with breast cancer, es-
pecially if part of a team of specialists.

Susan Ann Fineberg
Montefiore Medical Center
Bronx, New York
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