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Neoplasms and Nonneoplastic Liver
Lesions in Winter Flounder, Pseudo-
pleuronectes americanus, from Boston
Harbor, Massachusetts
by Robert A. Murchelano* and Richard E. Wolket

A variety of neoplasms and nonneoplastic hepatic lesions have been noted in winter flounder, Pseudopleuronectes
americanus, from Boston Harbor, Massachusetts. Inflammatory lesions include cholangiitis, pericholangiitis,
pericholangial fibrosis, hepatitis, and pancreatitis. Necrotic lesions consist essentially of focal coagulative necrosis and
a distinctive vacuolated cell lesion of the hepatic parenchyma. The most conspicuous and numerous proliferative lesion
is macrophage aggregate hyperplasia and hypertrophy. Preneoplastic lesions include principally basophilic foci ofcellular
alteration and hepatocellular adenoma. Carcinomas consist of several morphologic varieties: hepatocarcinoma,
cholangiocarcinoma, and anaplastic adenocarcinoma. The pathogenesis ofthe lesions observed is discussed with respect
to anthropogenically introduced chemical contaminants and the resistant hepatocyte model of hepatocarcinogenesis. This
study, and others of bottom-living food fish with enzootic neoplastic disease, warrants further evaluation, particularly
with respect to possible bioaccumulation of chemical contaminants in edible tissues.

Introduction
Boston Harbor is located on the Massachusetts coast between

Cape Ann and Cape Cod. The harbor is an indentation of
Massachusetts Bay, and its outer limit is defined by a line from
Winthrop in the northeast to Hull to the southwest. The harbor
has a mean depth of less than 3 m and a surface area of approx-
imately 114 km2 (I). Salinity varies seasonally and is lowest in
spring and highest in winter. Two deep shipping channels, Presi-
dent Roads and Nantucket Roads, enter the harbor from
Massachusetts Bay. President Roads is in the northern part ofthe
harbor, and Nantucket Roads is in the southern part. There are

several other shipping channels, but none approximating the
depths of the two primary channels.

Fresh water inputs to the harbor are numerous and include,
from north to south, the Mystic, Charles, Neponset, Weymouth
Fore, Weymouth Back, and Hingham Rivers. Freshwater in-
troductions are largest during the spring and relatively minimal
during other times of the year. Bottom sediments in the harbor
vary depending on specific location and consist primarily ofsand
and mud. Relatively few areas ofthe harbor have a coarse, gravel
bottom.
As is true ofharbors adjacent to most large cities, Boston Har-
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bor receives a variety of anthropogenic contaminants. Point
sources for these materials include, in order ofdecreasing impor-
tance, sewage treatment plant discharges, combined sewer out-
falls, and introductions oforganic and inorganic chemical con-
taminants from innumerable industries bordering the harbor.
Other sources of pollutants include land runoff (nonpoint
source), introductions from shipping activities, and atmospheric
fallout.

Specific determinations of the volumes of introduced material
are difficult to obtain; however, inputs from the two sewage treat-
ment plants at Deer Island (north) and Nut Island (south) have
been calculated (2). The Deer Island plant processes domestic
and industrial wastes ofcommunities to the north ofBoston, and
the Nut Island plant processes waste ofcommunities to the south
ofthe city. The combined inflows ofthese two plants approximate
500 million gallons per day (mgd). The Deer Island plant ac-
counts for 343 mgd and the Nut Island plant 112 mgd. Together
the inflow of these two plants exceeds that of all other rivers
entering the harbor excepting the Mystic and Charles Rivers.
Both treatment plants discharge predominantly primary-treated
sewage into the adjacent deep shipping channels during ebbing
tides.
The harbor contains a variety of marine fish and shellfish

resources. The most commercially important species include
softshell clams, Mya arenaria; lobsters, Homarus americanus;
and flatfish, Pseudopleuronectes americanus (3). Direct
marketing ofsoftshell clams is resticted to clams obtained from
specific uncontaminated areas. In some areas of the harbor,
clamming is restricted to master fishermen, and clams must be
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depurated before marketing. Depuration involves holding clams
in ultraviolet light-treated seawater to lower numbers ofcoliform
bacteria to meet public health standards. Lobsters are trapped
throughout the harbor and are marketed directly. There is no
legal commercial fishing for winter flounder in the harbor;
however, there is a substantial recreational fishery for the species.

Shellfish species with diseases believed to be associated with
pollution include both softshell clam and lobster. A
hemoproliferative disease (sarcoma) has been noted in the soft-
shell clam (4), and exoskeletal erosion (ulceration) and gill foul-
ing (accompanied by melanization) has been noted in the lobster
(5). Although pollution is presumed to play a role in their
development, experimental studies have not substantiated cause-
and-effect relationships between pollution and either disease.

Fin erosion was the initial disease noted in winter flounder
from Boston Harbor (6). The disease is known to be present in
winter flounder from polluted environments and provides a
marker that may signify the presence of other diseases. This
prompted us to examine hepatic tissues from this species to
determine whether other lesions also were present.

Materials and Methods
All winter flounder were sampled with a small otter trawl.

Collections were made in April, June, and November 1984 and
March 1985 from Deer Island Flats, an area in the northern part
of the harbor adjacent toWmithrop. In the field, fish were first
examined for the presence ofgross extemal lesions and anatomic
anomalies and then examined internally for gross lesions. The
peritoneal cavity was exposed following a single incision just
anterior to the genital pore continuing tojust posterior ofthe pec-
toral girdle. The liver was examined for lesions and sampled for
histopathological examination by excising a section ofthe lesion
or a 6 to 8 mm thick medial slice. The excised tissue was fixed
in 10% neutrl buffered formalin.

Fixed tissues were routinely processed, embedded in paraffin,
and sectioned at 6 pm. Sections were stained with Mayer's
hematoxylin and eosin and, when necessary, with a variety of
histochemical procedures including periodic acid-Schiff (PAS),
oil red 0, and Alcian blue.
For electron microscopy, liver tissues were minced with a

razor blade to 1 mm3 (or smaller) and immediately transferred
to 2% cold glutarldehyde buffered with 0.1 M phosphate to pH
7.4. The tissues were kept cold during transit to the laboratory.
Tissues were rinsed in the prefixative and then postfixed in 1.0%
osmium with 0.1 M phosphate buffer for 1 hr at room
temperature. After fixation, tissues were routinely dehydrated in
ethanols and propylene oxide, infiltrated, and embedded in
Epon-araldite. Thick sections (1.0-2.0.pm) were prepared using
glass knives, and thin sections were prepared using diamond
knives and a Sorvall MT2 ultramicrotome. Thick sections were
stained with toluidine blue and examined by light microscopy;
thin sections were stained with uranyl acetate and lead citrate and
examined with a Zeiss EM 9S2 electron microscope.

Results
Normal Histology
The histomorphology ofnormal winter flounder liver (Fig. 1)

FIGURE 1. Normal liver. Note orderly tubulosinusoidal arrangement of
hepatocytes. H & E. x250.

resembles that of other teleosts and is tubulosinusoidal (7).
TIubule muralia are composed of2- to 3-cell thick rows ofprin-
cipally cuboidal hepatocytes with their basal aspects on the
sinusoidal side. Bile channels are on the opposite side of the
muralia. Sinusoids are lined with squamous endothelial cells and
occasional Kupffer cells. Since the teleost liver is not lobular,
regularly occurring triads consisting of hepatic artery, portal
vein, and bile ductules are not visible. The latter are dispersed
throughout the parenchyma in a random fashion. Pancreatic ex-
ocrine and endocrine tissue can be found around large hepatic
veins, especially in the anterior portion ofthe organ. Occasional
macrophage aggregates are present in older animals.

Nonneoplastic Lesions
A variety ofnonneoplastic hepatic lesions was noted in the 325

winter flounder examined. Cholangiitis, pericholangiitis (Fig.
2), and associated pericholangial fibrosis (Fig. 3) were common
and varied in severity from mild to extensive. Hepatitis and pan-
creatitis, characterized by mononuclear infiltrations, were also
commonly present.

Necrotic lesions ofthe hepatic cells were occasionally evident
as areas of focal, coagulative necrosis. Most necrotic lesions,
however, involved uniquely vacuolated hepatocytes (J. Bodam-
mer, personal communication). These cells were present in74%
of the livers examined. Electron microscopic examination of
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FIGURE 2. Cholangiitis and pericholangiitis characterized by a mononuclear
cell infiltration. Lesion surrounded by vacuolated cells. H & E. x400.

FiGuRE 4. Vacuolated cells in acinar and ductlar configurations. Note apical
nuclei in cells enclosing a central lumen (arrow). H & E. x400.

FIGURE 3.
X400.

Pericholangial fibrosis lacking an inflammatory response. H & E.

these cells revealed that the vacuole is formed from severely
dilated endoplasmic reticulum (J. Bodammer, personal
communication). Since the fish liver consists of hepatocytes
in a tubulosinusoidal anrangement, cross-sections ofthe tubules
produced vacuolated cell foci that were distinctly acinar in
appearance and consisted of radially configured vacuolated
cells with apical nuclei enclosing a central lumen (Fig. 4).
Frequently the acini were ensheathed by fibrous tissue. Despite
the presence ofthe large numbers of effete hepatocytes in some
foci, leukocyte infiltrates were rarely seen. Other vacuolated
cell foci contained areas ofchromatically and morphologically
different cells, which resembled those present in incipient
carcinoma. Foci in which dissolution of constituent cells was
pronounced formed parenchymal cavitations (Fig. 5) containing
amorphous proteinaceous material, leukocytes, and short,
wavy eosinophilic bands of collagen (Fig. 6).
The most conspicuous and numerous proliferative lesion

was macrophage aggregate (MA-MMC [melano macro-
phage center]) hyperplasia and hypertrophy (Fig. 7). This
condition, noted in 73% of the livers examined, was always
present in livers with neoplasia. Macrophage cytoplasm was
typically PAS-positive. In livers without neoplasia, MA could
be found throughout the tissues but were typically located
adjacent to bile ducts or vacuolated hepatocytes; in neoplastic
livers MA almost always could be found around the perimeter
of the neoplasm or in its interior if the latter was necrotic.

19



MURCHELANOAND *t2LKE

FIGuRE 5. Paihnchym cavitations occupying lare areas of the liver and con- FIGURE 7. Incrased number of macrophage aggregtes (melano-macrophage
taining an eosinophilic, proteinaceous material. H & E. xIOO. centers) in a liver with a few randomly distributed vacuolated cells. H& E. xlOO

Preneoplastic and Neoplastic Lesions
M-IKXTi2~i. _ N Basophilic Foci. Basophilic foci (foci of cellular alteration)

.. ~~~ ~ ~ wre reen in several of the sections exmnd(ig. 8). These
small (less than 1 mm), discrete areas consisted of excessively
basophilic hepatocye tt otherwise appeared normal. The
edge of the lesion usually was irregular and did not compress

_|..3 | cells in the adjacent parenchyma; mitoses were not present.
...... ~~~Some hepatocytes had enlarged nuclei with prominent, large

nucleoli. Basophilic foci were seen in liver tissues with and

|& ~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~~~eaoeu Aeoa Heptoellla adnoa (Fig.N: H c
were also present in the sections examined. These neoplasms
consisted of nearly normal-appearing hepatocytes with more

.. ...

than the usual number of mitoses, particularly at the lesion's
... .e. .- .

....-peri y. Hepatocytes within hepatic tUb es of were
§ ...E ..p....crowded, and sinusoidsfrequently were dilated. Thetumor con-

sisted only ofhepatocytes with no biliary, pancreatic, or promi-
nent vascular components. Hepatocytes in the tumor tended to

.z:a'y bands ofc H&ExlObe oriented perpendicularly to those outside it and compressed
~~~~~~~the outside hepatocytes, formiga, lainar layer ofhepatocytes
around the neoplasm. The edge of the lesion was distinctive
because of the presence of compressed hepatocytes and~~7~ci~'/ At. numerous macrophage aggregates.
Carcinoma. The most numerous and prominent liver

~~~~ ~~~ ~~ nreoplasms were carcinomas, as judged by usual morphologic
crieri. 'eirmorphology varied considerably, and it was dif-

ficultto make clear distinctions between cholangiocellular and
FIGuRE 6. Parenchymal cavitation, higher power. Note leuWwcytes an shot hepatocellular carcinomas. Some were completely undifferen-

wavy bands of collagen. H & E. XIOO. tiated and were classified simply as anpatccarcinomas.
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FIGURE 8. Basophilic focus. Note central areas ofapparently normal but ex- FIGURE 9. Hepatocellular adenoma. Note hyperchromatic enlarged nucleioli,
cessively basophilic hepatocytes. H & E. x250. hepatocyte hyperplasia thickening hepatic cords, and dilated sinusoids. H&

E. x250.

The more solid-appearing tumors were designated as
hepatocellular carcinomas (Fig. 10). These neoplasms consisted
of atypical hepatocytes, either polygonal or fusiform in shape,
supported by a thin fibrous stroma. Bile ducts, MA, and pan-
creatic tissue were not present. In apparently incipient stages of
hepatocellular carcinoma development, foci of dysplastic and
anpatc cells were often present within masses ofvacuolated

_otween the tumor cells and the adjacent parenchyma. When the
tumor cells w erefusiform, the neoplasm resembled fibrosar-
coma, but connective tissue stains were invariably negative.
ly mors with polygonal hepatorytes were more basophilic. In

Insome instances,theedeothpaoctemrwscnandshriumcalrhained,
4~weresinophilic intraytpasmdficutoinclusions. Ane absnctbe-o

htwep the pholarit cllonaidwhe cit thepresnhe ofiabormtle
tubular archte tere. Manofor the lerpla rserh dparenichyare

P!, bu~~~~~~~~~cvtationscausedb etisenstivenerosis. rabyngaie
Tumors deithplgonatela cholangocywellular carciomahadicduc
sormedintubules theeatovaried consieabyine speizeand shyapie.I

* many~tubulestrhewmepitheloa chellre moshadein ph rnchblbsatlh

luinal borders and intauinal exfoliated epithelial cells. In
FIGuRE 10. Solid hepatocellular carcinoma. Sheets of polygonal or fusiform most of the cholangiocellular carcinomas, the smaller tubules

hepatocytes with apparentlossofnormal sinusoidalarchitecture. H&E. x250. were at the perimeter of the lesion and the larger, more dilated
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FIGURE 11. Incipient neoplasm composed ofdysplastic and anaplastic hepatocytes FioURE 12. Cholangiocellular carcinonu composed larely ofductlike struc-
arising within a mass of vacuolated cells. H & E. x400. tures. H & E. x250.

ones in its interior. The amount of fibrous tissue ensheathing the
tubues varied considerably. In some tumrs there was minimal

.connective tissue, and the lesion consisted predominanly of
tubules; in others there was substantial connective tissue, and it
was the predominant component (Fig. 13). Pbssibly scirrhus
variants developed as a result of the postnecrotic changes in
neoplasms that originally had been predominandy tubular. In
some tumors, abundant loose connective tissue ensheathed
tubules composed of squamoid neoplastic epithelium. In
tauinal epithelial papillae were present in some tubules.
Tumors designated as anaplastic carcinoma were poorly dif-

tu rnrent2ated (Fig14) and did not have a uniromn morphology. The
size and shape of their constituent cells varied considerably.
These tumors consisted of randomly organized, sometimes
swirling cells that were highly pleomorphic. Many cells contain-

:!-P ~~~ed large vacuoles resembling those seen in nonneoplastic paren-
chyinal hepatocytes, although no tumors were eanminedby elec-
tronmicroscopy. Nuclei varied in size, shape, and degree of

hyperchromnatism. Some cells had large basophilic nuclei with
prominent nucleoli, others had smaller vesicular nuclei within-

ditntnucleoli. Mfitoses were common, and some wer evident-
ly polyploid.

Discussion
Liver neoplasia, often atprevaences ofepizootic proportions,,

has been reported in at least 15 species of feral and hatchery-
FIGURE 13. Scirrhus cholangiocellular carcinoma. Notebroadbandsoffibrous reared fish in North America, Japan, and Europe. The literature

tissue surrounding islands of ductlike structures. H & E. x250. has been reviewed as it relate to environmental and experimenta
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FIGURE 14. Highly anaplastic hepatic carcinoma with increased mitotic
activity. H & E. x250.

carcinogenic agents by Couch and Harshbarger (8) and Mix (9).
Nomenclature and morphologic criteria for the preneoplastic and
neoplastic lesions herein presented follow those of Firth and
Ward (10) in mice and Squire and Levitt (11) in rats.

Nonneoplastic and neoplastic hepatic lesions in Boston Har-
bor winter flounder were similar grossly and microscopically to
those reported in Parophrys vetulus and Genyonemus lineatus
from the west coast ofNorth America, but with certain signifi-
cant differences (12-14). Nonneoplastic lesions in the livers of
winter flounder with hepatic neoplasia include pericholangiitis,
pericholangial fibrosis, cholangiofibrosis (adenofibrosis),
nonspecific coagulation necrosis, hepatocyte vacuolation
(possibly modified apoptosis), parenchymal cavitations,
postnecrotic fibrosis, and macrophage aggregate hyperplasia and
hypertrophy. The type, prevalence, and relationship of these
conditions to neoplastic lesions suggests a developmental
sequence.
Bile duct epithelial vacuolation and degeneration,

pericholangiitis, and pericholangial fibrosis are early, ubiquitous
changes that are persistent and increase in severity with the

appearance of other liver lesions. Bile ducts in livers with
incipient neoplasia and few areas ofvacuolated hepatocytes have
mild mononuclear cell infiltrations and fibrosis. These lesions
progress, however, and in livers with fu%lminatng neoplasia and
extensive parenchymal cell vacuolation, the periductal fibrosis
is marked. In homeotherms, pericholangiitis and biliary fibrosis
is related to, among other injurious fitors, cholestasis and toxins
transported within the biliary system (1S-19). Cholestasis, in

turn, has often been related to the ingestion of various toxic
substances (20).
Nonspecific coagulation necrosis was rare, but hepatocyte

vacuolation was present in all neoplastic livers. This lesion,
frequently surrounded by fibrous tissue and characterized by
acinuslike arrangement of vacuolated cells with apical nuclei,
appears unique to winter flounder. The lesion has not been
described in the liver ofany other fish species nor have we seen
these cells inthe livers ofodter bottom-dwelling fish from Boston
Harbor. Electron microscopic examination ofthese cells reveals
an extensively dilated endoplasmic reticulum (J. Bodammer,
unpublished observation). Apoptosis is charcterized by a dilated
ER and is a fonn ofcell death often elicited by exposure to toxic
substnces (21). It has been noted in gipl lamellae ofrainbow trut
exposed to acutely lethal aqueous concentrations of inorganic
mercury (0.35 ppm) and copper (0.135 ppm) (22). Apoptosis in
higher vertebrates most often affects individual cells, is accom-
panied by intra- and intercellular eosinophilic inclusions, and
fails to elicit an inflammatory response. The vacuolated
hepatocytes observed in winter flounder may represent a forn of
modified apoptosis. Although no inflammatory response was
apparent and inclusions were present, multiple foci or sheets of
hepatocytes rather than individual cells were commonly
vacuolated. Within these areas neoplastic cells frequently were
present.

In some instances, the massive cell death lead to parenchymal
cavitations. These cavitations were similar to the cystic paren-
chymal degenerations reported in the livers offerl English sole
and the spongiotic edema (spongiosis hepatis) produced
experimentally in medaka after long-term B-hexachlorocyclo-
hexane exposure (13,23). Proliferating fibroblasts were present
in the cavitations. Postnecrotic fibrosis was a later development
in response to the extensive necrosis. Nodular regeneration of
new hepatic epithelium rarely was observed.

Proliferation ofmacrophage aggregates (MA) was extensive
in all neoplastic livers. MA hyperplasia has been reported in
English sole with hepatocellular carcinoma and in fish inhabiting
degraded environments (13,24-29). Since the proliferation of
these aggregates is related to tissue destruction, which in turn
may be a result ofexposure to toxic substances, their increase in
neoplastic winter flounder livers is not surprising (30).
A sequence of events that begins with the simultaneous

appearance of hepatocyte vacuolation (modified apoptosis),
vacuolation and degeneration of bile duct epithelium and
pericholangiitis, and is followed by an increase in the severity of
these lesions and pericholangial fibrosis, and which concludes
with the appearance among the vacuolated cells of dysplastic,
atypical cells characteristic of incipient neoplasia suggests the
effects ofa toxic substance or substances. These substances enter
the liver and either directly or after metabolic transformation
cause hepatocyte death. Within the biliary system they cause
necrosis, inflammation, fibosis, and eventual ransfonnation of
hepatocytes or bile duct cells to invasive neoplasms. This con-
cept of a progression of events concurs with the resistant
hepatocyte model ofhepatocarcinogenesis (31,32). This model,
supported by extensive experimental evidence, suggests that
initiating levels of carcinogens induce hepatocytes that are
resistant to toxic effects and that these initiated, resistant
hepatocytes are easily stimulated to proliferate synchronously
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when exposed to noninitiating, low levels ofsome carcinogens.
This results in the growth of persistent nodules among other
uninitiated, nonresistant cells that undergo necrosis, or fail to
grow, and do not proliferate. The presence in winter flounder
livers of neoplastic cells among sheets of degenerating and
necrotic hepatocytes suggests that the neoplastic cells are resis-
tant hepatocytes proliferating in an area ofsensitive or nonresis-
tant hepatocytes. The prevalence ofhepatocellular carcinoma in
flounder from areas heavily contaminated by toxic and
potentially carcinogenic pollutants further supports this model
of carcinogenesis.

Recently, the wide range of hepatic preneoplastic and
neoplastic lesions in feral English sole exposed to environmental
hepatocarcinogens has been compared to the progression of
experimentally inducible neoplasms in rodents and salmonids.
In some salmonid fishes, investigators reported significant pat-
terns of lesion co-occurrence similar to those present in the
development of the experimentally induced neoplasms in
rodents. Degenerative-necrotic lesions, hepatic megalocytosis,
regenerative foci, and foci ofcellular alteration all co-occurred
with neoplasms (13).
A variety ofpreneoplastic and neoplastic lesions not present

in the Boston Harbor winter flounder have been found in the
English sole. However, some developmental stage lesions were
present that were similar to those in the English sole and in the
livers bearing induced neoplasms in rodents and salmonids, thus
suggesting a similar progression. Degeneration and cell death
were observed in all winter flounder livers with tumors. While
megalocytosis and clear and eosinophilic cell foci were absent,
basophilic cell foci were present. The absence ofcertain lesions
in the Boston Harbor winter flounder livers does not, however,
preclude an eventual progression from environmental
carcinogen-initiated hepaocytes to carcinoma. Rather, it may in-
dicate expected differences in tumor pathogenesis in different
genera of fish. Boston Harbor flounder, like Puget Sound sole,
are a natural population exposed to carcinogenic pollutants.
Aldtough not identical in all its aspects, the progression ofwinter
flounder hepatic lesions from necrosis to eventual neoplasia
largely concurs with the progression observed by Myers et al.
(13) in feral English sole and by others in rodent and salmonid
developing experimentally induced tumors.
Adenomas, hepatocellular carcinomas, and cholangiocellular

carcinomas were similar morphologically to those described in
other fish and in the rodent. While many ofthe tumors classified
as carcinomas were highly anaplastic and locally invasive, no
evidence of metastasis was observed.

In this study, 325 fish (109 males, 212 females, 4 unidentified)
were examined ranging in length from 22 to 48cm (mean length
36.5 cm, SD 3.5 cm). Tumor prevalence by fish length is
presented in Figure 15. Notumors were found in flounder smaller
than 32 cm (n = 24) in length. This relationship between
prevalence ofneoplasms and length ofthe host, and ostensibly
between prevalence and age, has been noted in other studies
(13,33,34). Overall, tumors were present in 49, or 15%, of the
Boston Harbor flounder examined. Twelve tumor-bearing fish
were males (11.0%), 36 were females (16.9%), and 1 was a fish
of unidentifiable sex. Seven neoplasms were classified as
hepatocellular carcinoma (14.29%) and 42 (85.7%) as
cholangiocellular carcinomas. Prevalence oftumors was similar
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FiGuRE 15. Hisogram oftumor prevalence by fish length. Higher prevalence
is found in larger fish.

to that reported in Pacific coast English sole (35) and in Michigan
Stizostedion species with hepatic neoplasia (36).
The high prevalence of hepatic neoplasia in Boston Harbor

winter flounder suggests a relationship to anthropogenic pollu-
tion. Wmter flounder from Georges Bank, including fish over 40
cm in length, did not have liver tumors (C. Dawe, unpublished
observation). Fish from unpolluted estuaries in the Northeast
also did not have neoplastic lesions, while those from moderately
polluted sites such as Narragansett Bay did, but not at such high
prevalences as in Boston Harbor (37,38). This study and that of
Myers et al. (13) reveal similar padthgenetic patterns: a progres-
sion from toxic necrotic lesions to neoplasia, further evidence
that pollutants are likely the inducers ofthe lesions. Additional
histopathological field surveys and laboratory investigations are
warranted.
The only other numerically significant hepatic neoplasm ofa

marine fish in the northeastem United States is hepaoarinoma
of the Atlantic tomcod, Microgadus tomcod, from the Hudson
River, New York (39,40). The first report of this lesion (41)
disclosed that 25% of 264 fish had neoplastic nodules and/or
hepatocellular carcinoma (gross examination). Tumor cells
typically were poorly differentiated, hypertropic, pleomorphic,
and more basophilic than normal. Sopme tumors had cystic
cavities containing necrotic hepatocytes and an eosinphilic fluid.
Electron microscopic examination ofhepatocytes from Hudson
River tomcod revealed incrased and distended (swvllen) rough
endoplasmic reticulum (RER), absence ofsmooth endoplasmic
reticulum (SER), heavy lipid deposition, and ceroid plaques, le-
sions suggestive ofexposure to toxic compouds. Hepatocellular
carcinoma cells were larger with a conspicuous nucleolus and
had similarly distended RER but contained less lipid (42).
Although the specific cause ofthe tomcod hepatocarcinomas

is not bknwn, the Hudson River contains elevated PCB levels in
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sediments. Smith et al. (41) reported tumorous tomcod livers (n
= 9) that contained PCB levels ranging from 10.9 to 982 ppm
(nean 39.0 ppm), while livers from tomcod without mors con-
tained PCB concentrations anng from 20.3 to 49.2 ppm (mean
33.0 ppm). Klauda (43), examining the same (presumably)
population, reported levels of Aroclors 1016 and 1254 varying
from 0.01 to Q67 ppm. Tomcod are not an important food fish and
do not sustain large commercial or recreational fisheries.
Evidence ofhepatocellular carcinoma in a food fish ofmajor

commercial and recreational importance, coupled with its occur-
rence in areas suffering from chemical contamination, raises
questions ofpublic health significance. Studies should be con-
ducted investigating the chemicals and potential human car-
cinogens present in the edible portions of tumorous and non-
tumorous food fish, and risk assessments should be perfonned.
These studies will require a concerted effort by chemists, fishery
scientists, and pathologists.
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