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ABSTRACT

A high prevalence of exocrine pancreatic neoplasms occurred in mummichog, Fundulus heteroclitus, from
a creosote-contaminated site in the Elizabeth River, Virginia. A total of 20 neoplasms were found in a group
of about 1,300 fish obtained at this site over a 2-yr period. Of 240 fish collected during October 1991, 3.3%
had pancreatic neoplasms. Adjusted total lesion prevalence for large adult fish (Size Class III: total length =
75-85 mm; Size Class I'V: total length > 85 mm) was 6.7%. Pancreatic neoplasms were not observed in 234
fish collected at this site during May 1991, nor were they found in 420 fish obtained during fall 1991 from
1 uncontaminated and 6 moderately contaminated localities. Lesions involved both mesenteric and intra-
hepatic exocrine pancreas and ranged from well-differentiated acinar cell adenomas to poorly differentiated
acinar cell carcinomas. One fish had an atypical acinar cell focus. All specimens with pancreatic neoplasms
also had hepatocellular lesions. This epizootic of exocrine pancreatic neoplasia is the first to be reported in
a wild fish population. Based on chemical characterization of the site and limited experimental data on
chemically induced pancreatic carcinogenesis in other small fish species, the neoplasms were probably caused
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by exposure of the mummichog to chemical carcinogens in their environment.
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INTRODUCTION

The number of reported neoplasm epizootics in
fishes has increased in North America over the past
25 yr (13). Neoplasms affect nearly every cell and
tissue type in fishes, and those involving the liver
and epidermis have been associated with exposure
to xenobiotic chemical contaminants. On the other
hand, neoplasms of hemic, neural, connective tis-
sue, and gonial origin are generally believed to be
unrelated to environmental pollution (14). Several
classes of chemical carcinogens have been shown to
induce neoplasia in laboratory fishes (5, 18, 19) with
polycyclic aromatic hydrocarbons (PAHs) thought
to be responsible for many of the reported epizootics
of liver cancer in wild fishes (e.g., 1, 26, 27, 33).

We report here the histology and prevalence of
exocrine pancreatic neoplasms in mummichog,
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Fundulus heteroclitus, from a creosote-contaminat-
ed site in the Elizabeth River, Virginia. Previously,
high prevalences of liver neoplasia have been re-
ported in mummichog from that site (33). Sedi-
ments at this location contained exceptionally high
concentrations (2,200 mg/kg dry sediment) of total
PAHs believed to have originated from a nearby
wood-treatment facility. This epizootic of exocrine
pancreatic neoplasia is the first to be reported in a
wild fish population.

MATERIALS AND METHODS

Mummichog with pancreatic neoplasms were part
of approximately 1,300 fish collected between Oc-
tober 1989 and 1991. Fish were collected with bait-
ed minnow traps in a small tidal creek adjacent to
a wood-treatment facility (Atlantic Wood Indus-
tries, Inc.) located on the Elizabeth River, in Ports-
mouth, Virginia. Fish were transported live to the
laboratory and maintained in an open, circulating
water system. Because these fish were used in a va-
riety of unrelated studies, with some held for up to
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TABLE I.—Prevalences of exocrine pancreatic neo- 9 mo in the laboratory and others not examined for
plasms in mummichog, I"‘undulus heteroclitgls, froma cre- the presence of pancreatic neoplasms, they were not
osote-contaminated site in the Elizabeth River, Virginia. used to calculate lesion prevalences. Lesion preva-

Sz Clnce lences reported here were obtained from a group of
: 0 . v 474 mummichog collected during May and October

Total length* =55  56-710  71-85 =86 1991 and necropsied within 5 days after capture.
May 1991 (N) 37 68 69 60 Mummichog were anesthetized in tricaine meth-

Adenoma - - - - anesulfonate, examined grossly, sexed, measured,

Carcinoma - - - - and weighed. Visceral organs were dissected and
Ofi‘é?ii x1“9a9l (1)) 6_0 6_(_) 1?975) 5%?31’) examined. Tissue samples of liver, pancreas, and

Carcinoma _ _ 2(3.3%) - any gr.ossly \(isible abr_lormal visceral masses were

~Total longth in millimeters. fixed in Bouin’s solution for 48 hr and processed

® Percentage of lesion prevalence in size class. for routine paraffin histology. Sections were cut at

FiG. 1.— Visceral mass from mummichog (Fundulus heteroclitus) showing smooth, multinodular exocrine pancreatic
adenoma (A). I = intestine; L = liver; Sp = spleen. Arrowheads indicate normal exocrine pancreas. x6.15.

Fic. 2.— A large multilobulated acinar cell carcinoma (C) arising from the intestinal mesentery. I = intestine. Arrowheads
indicate normal exocrine pancreas. X6.1.

-

FiG. 3.—Light micrograph of normal, intrahepatic exocrine pancreas (EP) in the mummichog. Note acinar cells and
nuclei of centroductular cells (arrowheads). H&E. x244,
_ F1G. 4.—Acidophilic focus (Af) arising within mesenteric exocrine pancreas (EP) adjacent to liver (L). H&E. x 244,
" F1G. 5.—Low magnification of mummichog acinar cell adenoma (A) arising from mesenteric exocrine pancreas (ar-
rowheads) at hilus of spleen (Sp). Note branching tubular arrangement of acinar cells and discrete lesion border. H&E.
x24.

FiG. 6.—Higher magnification of adenoma in Fig. 5 showing anastomosing, branched pancreatic tubules composed of
well-differentiated acinar cells containing zymogen. H&E. x244.
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5 um and stained with Harris’ hematoxylin and eo-
sin (25).

Selected tissues were also prepared for high-res-
olution light microscopy. Tissues were fixed for 2
hr in 1.25% glutaraldehyde and 2.0% paraformal-
dehyde in 0.1 M sodium cacodylate buffer (pH =
7.4), dehydrated in a graded ethanol series, and em-
bedded in glycol methacrylate (LKB Historesin).
.Blocks were sectioned on a Reichert 2050 Supercut
microtome at 1-2 pm and stained with hematoxylin
and eosin—phloxine.

A pancreatic neoplasm from a paraffin-embedded
specimen was reclaimed and processed for trans-
mission electron microscopy to verify the presence
of zymogen granules. The tissue was cut out of the
paraffin block with a razor blade, deparaffinized in
xylene, rehydrated, osmicated, and processed by
routine methods for electron microscopy (16). Ul-
tra-thin sections were obtained with a diamond knife,
stained with lead citrate and uranyl acetate, and
examined in a Zeiss CEM 902 transmission electron
microscope.

RESULTS
Lesion Prevalence

Twenty of approximately 1,300 mummichog col-
lected from the creosote-contaminated site adjacent
to Atlantic Wood Industries, Inc., exhibited exo-
crine pancreatic neoplasms. Pancreatic neoplasms
were not observed in a total of 420 large adult fish
(Size Classes III and 1V) obtained from 7 other lo-
cations. Five of these localities were moderately
PAH-contaminated sites in the Elizabeth River, 1
was a moderately PAH-contaminated site in the
York River, Virginia, site, and 1 was a relatively
uncontaminated site in the York River. Sixty fish
comprised the sample from each site.

Lesion prevalences calculated from a subsample
of 474 fish obtained in the spring and fall of 1991
are shown in Table 1. Pancreatic neoplasms were
not observed in 234 mummichog collected during
May 1991, whereas 8 of the 240 fish captured during
October 1991 were afflicted, resulting in an overall
lesion prevalence of 3.3%. Pancreatic neoplasms
were observed only in large adult fish. Three affected
individuals belonged to Size Class III and 5 be-
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longed to Size Class IV. Total length of fish with
neoplasms ranged from 72 to 101 mm (% = 89.0
mm). Adjusted total lesion prevalence for fish be-
longing to Size Classes III and IV was 6.7%. Of these
fish, 1.7% exhibited acinar cell carcinomas and 5.0%
had acinar cell adenomas. A relationship between
the occurrence of pancreatic neoplasms and gender
was not apparent. Five of the 8 fish with lesions
were males and 3 were females. Both individuals
with acinar cell carcinomas were males. All speci-
mens with pancreatic neoplasms also exhibited focal
or neoplastic hepatocellular lesions.

Normal Morphology

Grossly, exocrine pancreas in the mummichog
occurred as diffuse masses of acinar cells suspended
in the visceral mesentery (Figs. 1 and 2), around the
hepatic portal vasculature within the liver, and sur-
rounding the gallbladder. Microscopically, exocrine
pancreas was arranged as a continuous branching
network of anastomosing tubules composed of ac-
inar cells (Fig. 3). Although true terminal acini could
not be demonstrated, some tubules ended in blind
oval or round structures resembling the classical
vertebrate acinus,

Acinar cells were pyramidal to cuboidal, had ba-
sally situated nuclei with prominent nucleoli, and
contained numerous eosinophilic zymogen granules
in the apical cytoplasm (Fig. 3). Basal portions of
acinar cells stained basophilically and were devoid
of zymogen granules. Centroductular cells were flat-
tened epithelial cells with scant, pale-staining cy-
toplasm, located within the center of the pancreatic
tubules (Fig. 3).

Acidophilic Focus

One fish had a small, well-demarcated lesion aris-
ing in the mesenteric pancreas that measured 245
pm in greatest diameter. Constituent acinar cells
exhibited an increased zymogen content, reduced
basal basophilia, and normal nuclear morphology
(Fig. 4). This lesion was not observed in the spring
and fall 1991 samples.

Acinar Cell Adenoma

Acinar cell adenomas occurred in the mesenteric
pancreas of 10 specimens, in the exocrine pancreatic

—

- F1G6. 7.—Adenoma (A) arising in the liver (L). Arrowheads indicate border between neoplasm and liver parenchyma.

H&E. x244,

Fic. 8.—Adenoma showing acinar cells exhibiting atypical nuclei. Note elongated, flattened nuclei. H&E. x390.
FiG. 9.—Adenoma with area (V) containing highly vacuolated cells with reduced amounts of zymogen (arrowheads)

and loss of tubular structure. H&E. x614.

Fic. 10.—Adenoma exhibiting foci of atypical acinar cells (arrowheads). H&E. x244.
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tissue surrounding the gallbladder of 1 specimen,
and in the intrahepatic pancreas of 1 specimen.
Grossly visible lesions were creamy white in color,
smooth, and ranged in size and shape from 1.0 mm
spherical masses to 5.0 mm multinodular masses
(Fig. 1). Microscopically, adenomas usually were
composed of well-differentiated acinar cells orga-
nized into branching and anastomosing tubules (Figs.
5-8). Acinar cells had basally located, spherical nu-
clei and numerous eosinophilic zymogen granules
in the apical cytoplasm (Fig. 6). Some nuclei were
enlarged with prominent nucleoli. Mitotic figures
were present but occurred in low numbers. A prom-
inent stromal component occurred among pancre-
atic tubules in some of the lesions (Fig. 6). Profiles
of pancreatic ducts were rare or absent, even in the
larger neoplasms.

Two large adenomas, one of which arose in the
liver (Fig. 7), contained areas showing a progressive
loss of typical architectural features and an increase
in cellular atypia. The majority of acinar cell nuclei
from 1 case exhibited severe nuclear pleomorphism
(Fig. 8). Nuclei were greatly elongated, flattened, and
displaced to the periphery of the cells. Another atyp-
ical adenoma contained basophilic areas exhibiting
adisrupted architecture. Individual cells were highly
vacuolated (Fig. 9), showed reduced contact with
adjacent cells, contained a reduced amount or a total
lack of zymogen, and contained single, highly ba-
sophilic bodies in the cytoplasm.

One large acinar cell adenoma contained smali
foci of more atypical cells (Fig. 10). The prominent
tubular architecture was disrupted in these foci, with
constituent acinar cells exhibiting loss of polarity,
increased cytoplasmic basophilia, reduced zymogen
content, and increased nuclear pleomorphism and
mitotic activity.

Acinar Cell Carcinoma

Acinar cell carcinomas occurred in 9 specimens.
Two cases developed in mesenteric pancreas and 7
cases in intrahepatic pancreatic tissue. The carci-
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nomas were all locally invasive, and none exhibited
areas of prominent ductal proliferation. One mes-
enteric acinar cell carcinoma was a small lesion that
apparently arose within normal exocrine pancreas
in the hilar region of the liver. The normal archi-
tecture was disrupted and the neoplastic cells showed
a reduced basal basophilia, extensive pleomor-
phism, and nuclear atypia (Fig. 11). Many nuclei
were enlarged with prominent nucleoli, and many
were crescent-shaped and compressed at the pe-
riphery of the acinar cells. Abnormal mitotic figures
were also present. The second mesenteric tumor was
a creamy white, multilobulated mass that measured
11.0 x 5.0 mm (Fig. 2). Histologically, the acinar
cells of this lesion exhibited a wide range of differ-
entiation (Fig. 12). Well-differentiated areas had ac-
inar cells organized as tubules, with full comple-
ments of zymogen granules, characteristic basal
basophilia, and spherical nuclei with central nucle-
oli. Poorly differentiated areas showed almost a
complete loss of tubular architecture and contained
some cells totally devoid of zymogen (Fig. 13). Cel-
lular pleomorphism and nuclear atypia were more
evidentin the less well differentiated areas; however,
mitotic figures were abundant throughout the tumor
mass.

Intrahepatic acinar cell carcinomas were large, ag-
gressive lesions that ranged in size from approxi-
mately 2.0 to 8.0 mm in greatest dimension. Several
of these neoplasms infiltrated and replaced large
portions of the hepatic parenchyma (Fig. 14). Neo-
plastic cells in some lesions were arranged in distinct
lobules separated by variable amounts of stroma
(Fig. 15). Tumor cells were irregularly shaped and
had a basophilic cytoplasm, and some were multi-
nucleate. Irregularly shaped nuclei containing mul-
tiple nucleoli were common features in these lesions.
Both normal and abnormal mitotic figures were
common in these tumors. Some areas in each car-
cinoma examined had normal-appearing acinar cells
with full complements of zymogen granules (Fig.
12).

—

Fi1G. 11.—Small acinar cell carcinoma (C) comprised of poorly differentiated acinar cells showing cellular pleomorphism
and nuclear atypia. Arrowheads indicate border of neoplasm. H&E. x244.

FiG. 12.—Light micrograph of carcinoma illustrated in Fig. 2. Note both well-differentiated cells containing zymogen
and paler, more poorly differentiated cells lacking zymogen granules. Also note proliferating ductular elements (arrow-
heads). H&E. x 244,

Fi1G. 13.—High magnification of same neoplasm illustrated in Fig. 12. Note well-differentiated acinar cells containing
abundant zymogen (arrowheads) and less well differentiated tumor cells lacking zymogen (T). H&E. %614,

Fi1G. 14.—Intrahepatic acinar cell carcinoma (C) showing extensive cellular pleomorphism, nuclear atypia, and border
with hepatic parenchyma (L). Arrowhead indicates mitotic figure. H&E. x244.

Fig. 15.—Same tumor illustrated in Fig. 14 showing lobular architecture, prominent stroma (S), and leukocytic
infiltration. Arrowhead indicates mitotic figure. H&E. x 244,
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Fig. 16.—Intrahepatic acinar cell carcinoma (P) with tubular pattern arising within an hepatocellular carcinoma (H).
. H&E. x244,

FiG. 17.—Higher magnification of Fig. 16 showing distinct tubules (arrowheads) with peripherally situated nuclei and
central lumina, H&E. x390.

One intrahepatic acinar cell carcinoma exhibited
a prominent tubular or glandular pattern (Fig. 16)
and apparently arose within a poorly differentiated
hepatocellular carcinoma. The pancreatic portion of
this tumor was well differentiated with neoplastic
cells: forming distinct tubular profiles, many con-
taining variably shaped lumina with internal lim-
iting membranes. Tubule cells were elongated and
contained numerous small, refractile eosinophilic
granules. Nuclei were peripherally located, highly
basophilic, and somewhat elongated (Fig. 17). Nor-
mal and abnormal mitotic figures were abundant
throughout the lesion. Ultrastructural examination
of tissue reprocessed from the paraffin block con-
firmed the acinar cell origin of this neoplasm. Tu-
mor cells contained abundant rough endoplasmic
reticulum and numerous small zymogen granules.

DiscussioN

Most other exocrine pancreatic neoplasms ob-
served in wild fishes occurred as isolated cases in

diverse species (8) and apparently were not clearly
linked with environmental contamination. These
reports included acinar cell adenomas in a European
flounder and a greater redhorse (7); purported ductal
adenomas in an oyster toadfish (31); pancreatic car-
cinomas from a goldfish (29), an Atlantic tomcod
(12), and a coho salmon (17); and an acinar cell
adenocarcinoma in a hybrid platyfish (28). This is
the first report of multiple cases of exocrine pan-
creatic neoplasia in a wild fish population inhabiting
a chemically contaminated environment. The le-
sions ranged from a single small focal lesion resem-
bling an acidophilic focus to small, benign-appear-
ing acinar cell adenomas to large, aggressive acinar
cell carcinomas. The occurrence of exocrine pan-
creatic neoplasia in mummichog constitutes an epi-
zootic as defined by Harshbarger and Clark (13),
who considered an epizootic as at least 3 cases, in
a single species, of neoplasms originating from a
specific cell lineage from a discrete geographic lo-
cation. In this report, we described 20 cases of exo-
crine pancreatic neoplasms in mummichog inhab-
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iting a small tidal creek adjacent to a wood-treatment
facility on the Elizabeth River, Virginia. In addition
to the pancreatic neoplasms, this fish population
also exhibited a broad spectrum of liver lesions (33)
and elevated prevalences of extrahepatic prolifera-
tive lesions including neoplasms of the bile ducts,
vascular system, kidney, and lymphoid tissues (Vo-
gelbein, unpublished observations). To date, neo-
plasms have been confirmed in 5 different organ
systems arising from 8 cell types in mummichog
from this site. These findings and the extremely high
PAH concentrations in sediment at this locality (33)
strongly suggest a chemical etiology for these lesions.

Classification of the mummichog exocrine pan-
creatic neoplasms was based on morphological cri-
teria of exocrine pancreatic neoplasms of mammals
(3, 20) and fish (8, 9). These fish classification
schemes were based on the light microscopic cyto-
morphologic features and biologic behavior of the
neoplasms. Acinar cell adenomas were generally
well-differentiated lesions characterized by a sub-
stantial increase in exocrine pancreatic tissue or-
ganized into well-defined, irregularly shaped mass-
es. Larger lesions showed a loss of characteristic
architectural features and an increase in cellular
pleomorphism. Carcinomas usually contained some
well-differentiated acinar cells. Neoplastic cells were
arranged in tubular or lobular patterns and, in some
areas, formed solid sheets. Carcinomas exhibited
extensive cellular pleomorphism and nuclear atypia.
Both normal and abnormal mitoses were abundant,
and the lesions were locally invasive.

Fournie et al (9) reported atypical acinar cell foci
within adenomas of 2 guppies exposed to methylaz-
oxymethanol acetate. These foci consisted of acinar
cells with basophilic, fibrillar cytoplasm devoid of
zymogen granules and were considered to indicate
progression toward carcinoma. At least 1 mum-
michog adenoma exhibited similar atypical acinar
cell foci. However, the small focal lesion arising in
normal mesenteric pancreas of another specimen
more closely resembled the acidophilic focus re-
ported in rats exposed to azaserine (21) and
4-hydroxyaminoquinoline-1-oxide (30). This aci-
dophilic focus was considered to be the probable
precursor of acinar cell adenomas and carcinomas
in these rodent models and may represent a similar
preneoplastic stage in the mummichog as well.

A chemical etiology for the mummichog pancre-
atic neoplasms is suggested by the fact that exocrine
pancreatic neoplasms have been experimentally in-
duced in several small fish species or have occurred
in a large group of fishes used in a variety of car-
cinogenicity tests (15). Mummichog exocrine pan-
creatic neoplasms displayed several morphological
features similar to those of other small fish species.
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Mummichog acinar cell adenomas and carcinomas
resembled those induced in the guppy, Poecilia re-
ticulata, by exposure to methylazoxymethanol ac-
etate, a direct-acting carcinogen (9) in both their
behavior and histology. Both species developed tu-
mors that were large compared to the size of the
specimens, and the cellular patterns of the lesions
were similar. The mummichog acinar cell carcino-
ma exhibiting the prominent tubular pattern also
resembled an acinar cell carcinoma described from
a gulf killifish, Fundulus grandis, exposed to the
highly mutagenic and carcinogenic compound
N-methyl-N'-nitro-N-nitrosoguanidine (11). Neo-
plastic cells in both tumors formed distinct tubular
profiles and arose from intrahepatic exocrine pan-
creatic tissue, Although the medaka pancreatic car-
cinomas (15) occurred only in the mesenteric pan-
creas and were more poorly differentiated than the
mummichog neoplasms, the aggressive nature of the
tumors in both species was evidenced by their size,
elevated mitotic activity, and growth patterns. In
contrast, the acinar cell neoplasms in mummichog
bore no resemblance to the purported pancreatic
neoplasms of duct cell origin induced by diethyl-
nitrosamine in the mangrove rivulus, Rivulus mar-
moratus (32).

Mummichog exocrine pancreatic neoplasms were
also similar to those in mammals, particularly the
Fischer-344 and LEW rats (3, 4, 6, 22, 23). Acinar
cell adenomas and carcinomas are the most com-
monly occurring types of neoplasms in both species,
and the histologic patterns exhibited by the lesions
are strikingly similar. Adenomas in the rat strains
were well-differentiated lesions that showed loss of
normal architectural features, increased cellular
pleomorphism, and a tendency to organize into
branching tubules. Pancreatic carcinomas displayed
a range of differentiation but clearly originated from
exocrine pancreatic acinar cells. Thus, pancreatic
neoplasms in both rats and fishes are believed to be
of acinar cell origin, a hypothesis that is supported
by the histologic type of the neoplasms and the ab-
sence of hyperplastic changes in ductal epithelium.

The mummichog is a small, shallow-water cy-
prinodontid fish that exhibits a restricted home range
(10, 24). Although local populations are nonmigra-
tory, the species has a broad geographic distribution,
inhabiting tidal marshes from Nova Scotia to Flor-
ida (2). Local subpopulations may therefore reflect
the condition of their immediate environment. Be-
cause of the mummichog’s biology and apparent
tumorigenic sensitivity, developing hepatic (33) and
extrahepatic neoplasms, this fish may serve as a
sentinel species for chemical carcinogens in coastal
waters along the eastern seaboard of the United
States.
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