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ABSTRACT: Deer Island Flats, Boston Harbor, Massachusetts, USA, is a n  area that is heavily contami- 
nated with organic and inorganic chemicals. At this site winter flounder Pleuronectes americanus have 
been found to have a high prevalence of hepatic lesions including neoplasms. We describe here the 
relative frequency and histology of different tumor types in a sample of 60 neoplasms from 29 fish. 
Nlnety percent of tumors were cholangiocellular and ranged from cholangiomas to tubular, scirrhous, 
solid or cystic anaplastic cholangiocarcinomas. Hepatocellular tumors were also occasionally present 
(10%). The majority of tumors were closely associated with hydropically vacuolated cholangiocytes 
and hepatocytes, often being observed within grossly visible aggregations of vacuolated cells, and with 
vacuolated cells at their advancing margins. Vacuolated cells may be involved in the progression to 
neoplasia. 
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INTRODUCTION 

Epizootics of hepatic neoplasia have been described 
in a number of bottom-feeding fish species from fresh- 
water, estuarine, and marine habitats. Where exam- 
ined in detail there are statistically strong relationships 
between tumor prevalence and the concentrations of 
chemical contaminants in the sediments (Landahl et al. 
1990, Myers et al. 1994), and it appears that in most 
cases there is a chemical etiology (Harshbarger & 
Clark 1990). Factors contributing to the origin and pro- 
gression of these diseases have not been fully estab- 
lished. A thorough knowledge of the diversity of 
pathologies may aid in establishing the nature and 
species differences in these factors. 

Hepatic neoplasms and other cellular lesions, in- 
cluding hydropically vacuolated cells (Bodammer & 
Muchelano 1990), have been described in winter 
flounder in Boston Harbor, Massachusetts, USA, for a 
decade (Murchelano & Wolke 1985, 1991, Gardner & 
Pruell 1988). As in other systems these lesions 
appeared to be caused by chemicals. Sediments in 

Boston Harbor contain high levels of polynuclear aro- 
matic hydrocarbons, halogenated hydrocarbons, and 
heavy metals (Boehm 1984, Shiaris & Jambard-Sweet 
1986, NOAA 1988), many of which are suspected car- 
cinogens. Furthermore, a survey of chemical contami- 
nants and winter flounder liver pathology at 22 stations 
showed chemical contaminants to correlate most 
strongly with prevalence of hydropic vacuolation 
(Johnson et al. 1992). Although the condition and its 
chemical association have been described, there has 
been neither a systematic description of the diversity 
and relative frequency of the neoplasms present, nor 
an analysis of the degree of association between each 
neoplasm type, and hydropic vacuolation. 

Here we describe and classify the spectrum of tumor 
phenotypes present in winter flounder from Boston 
Harbor from 1985 to 1990, quantify the relative preva- 
lence of each tumor type, and examine the spatial rela- 
tionship between each tumor type and the various 
stages of hydropic vacuolation. Knowledge of this 
diversity and cellular association will be useful in ana- 
lyzing differences in the cellular origins of specific 
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lesions and for comparing lesions and their pathogene- 
sis in different species of fish. Furthermore, informa- 
tion on cell types intimately associated with the pro- 
gression to neoplasia within the relatively primitive 
organization of the teleost liver may be significant in 
aiding the understanding of hepatocarcinogenesis in 
the more complex mammalian liver system. 

METHODS 

Fish. Winter flounder were caught either by otter 
trawl or hook and line in a variety of sampling efforts in 
the years 1985 to 1990. Fish were either necropsied at 
once, or returned to the laboratory alive. In the labora- 
tory, fish were maintained in running filtered sea water 
at ambient temperature and then examined, usually 
within 48 h, although some fish were held for longer 
pefiods. 

Fish were killed by cervical section, and then opened 
by a ventral incision around the margin of the abdomi- 
nal cavity. For fish caught in 1989 and 1990 a sample of 
scales was removed from the dorsal caudal peduncle, 
and submitted for age analysis by the National Marine 
Fisheries Service, Woods Hole, MA. The liver was dis- 
sected free of peritonea1 attachments and examined for 
surface abnormalities, and then cut into 4 mm slices. 
Each slice was examined for grossly visible lesions. 
Alternate slices were preserved in neutral buffered 
formalin or liquid nitrogen. All fixed tissue was 
processed if gross lesions were visible. If no lesions 
were evident at necropsy, 1 slice was processed for his- 
tology. Frozen samples were archived for other studies. 
Protocols for the maintenance, examination and 
euthanasia of fish used in this study were approved by 
the Institutional Animal Care and Use Committee of 
the Woods Hole Oceanographic Institution. 

Processing. Samples for histology were routinely 
dehydrated, embedded in paraffin and stained with 
hematoxylin and eosin. Adjacent sections from 
selected fish were stained (Luna 1968) for glycogen by 
the periodic acid Schiff method, collagen by Masson 
tnchrome stain, Menzie's stain for nucleic acids and 
Gomori's stain for iron. 

Histologic evaluation.' Histopathologic categones 
included non-neoplastic and neoplastic lesions. 
(1) Cholangial hyperplasia: increased number of duct 
and ductular profiles, but with normal biliary architec- 
ture, with or without surrounding fibroplasia. (2) Hy- 
dropic vacuolation: a cell or cells with a large non- 

'Cases that have been deposited at the Registry of Tumors for 
Lower Animals, at the Smithsonian Institution in Washing- 
ton, DC, are identified wlth a Tumor Registry Accession 
Number (RTLA no.) 

staining cytoplasmic vacuole, and a small basophilic 
nucleus. Seen singly in the center of the hepatic 
tubule, in tubular arrays, and in grossly visible foci. 
(3) Macrophage aggregation: aggregations of large, 
golden-brown macrophages often present adjacent to 
larger blood vessels and biliary structures. (4) Necro- 
sis: cell death characterized by nuclear pyknosis and 
fragmentation, with cytoplasmic eosinophilia and 
swelling. (5) Hepatocellular neoplasms: focal masses of 
altered hepatocytes having obvious basophilic cyto- 
plasm and large round nuclei with prominent nucleoli. 
These cells formed trabecular arrays. (6) Cholangio- 
cellular neoplasms: less cytoplasm, a lesser degree of 
basophilia, and smaller oval nuclei with less distinct 
nucleoli than hepatocytes with a tendency, to varying 
degrees, to form tubules. Cholangiocellular lesions 
were classed as bearing 1 or more of the following 
characteristics: tubular, solid, cystic, papillary and scir- 
rhous. Neoplastic lesions were staged as benign if the 
surrounding parenchyma was compressed but not 
invaded, the neoplastic cells were well differentiated, 
and if few mitotic figures were present. In contrast, 
carcinomas were invasive structures with cells lacking 
an obvious terminal phenotype. Cells in these poorly 
differentiated structures had nuclei of diverse size and 
shape and, at  times, a high mitotic index. Extra-hepatic 
organs were examined visually but not histologically in 
this study, so the presence or absence of micro-meta- 
stases could not be determined. 

Statistics. The significance of observed differences 
between lesion prevalence in males and females was 
tested by X' test. Differences between mean length 
of fish of each gender that did and did not contain 
neoplasms were tested for significance by the Stu- 
dent's t-test. 

RESULTS 

Fish 

A total of 293 winter flounder (198 females, 87 males 
and 8 gender unrecorded) from Deer Island Flats 
(Boston Harbor) were examined grossly and histologi- 
cally, in the period 1985 to 1990. One or more hepatic 
neoplasms were found in 29/293 (9.9%) of the fish 
examined (data were available on the gender of all fish 
with neoplasia). For the fish for which age data was 
available, the age of tumor-bearers ranged from 5 to 
8 yr. The difference between the prevalence of neo- 
plasia in males compared to females was insignificant 
(males 11.5%, females 9.6%, X' p = 0.84). Analysis of 
mean total length showed that female fish with neo- 
plasms were significantly longer than those without 
neoplasms (396 * 32 mm, n = 19 vs 370 + 39 mm, n = 



Moore & Stegeman: Hepatic neoplasms in winter flounder Pleuronectes americanus 35 

179; t-test p = 0.0055). The same trend was present for 
males, but it was not statistically significant (357 i 
16 mm, n = 10 vs 338 + 48 mm, n = 77; t-test p = 0.21). 

Gross hepatic lesions 

Gross lesions were seen as translucent gray and 
pearly white foci and other less regular fleshy and cys- 
tic swellings on the surface and in the body of the liver. 
One or more of these were present in 59/293 (20.1 'Yo) 
of all fish examined. Histological evidence of neoplasia 
was found in 28/59 (47.5%) of the grossly abnormal 
fish. An additional histological neoplasm was observed 
in a grossly normal individual. Thus, gross lesions 
were present in 28/29 (96.5 %) of fish containing histo- 
logical evidence of neoplasia. 

The diversity of gross lesions observed is illustrated 
in Fig. 1. The most common appeared as single or mul- 
tiple raised creamy white nodules, both on the surface 
and deep in the tissue (Fig, l a ) .  These nodules varied 
in size from 2 to 20 mm in diameter. Additional gray, 
translucent lesions 2 to 8 mm in diameter were seen 
flush with the surface and were less nodular. Histolog- 
ically, the white and the gray lesions consisted of large 
focal aggregations of vacuolated cells (Bodammer & 
Muchelano 1990, Moore 1991). Some of these aggre- 
gations contained neoplastic lesions within the focus. 

Less common lesions Included 5 to 30 mm fleshy 
masses, often the same color as the surrounding tlssue, 
as shown in Fig. l b .  A final gross lesion type consisted 
of multi-loculated cysts that were thin-walled as 
opposed to fleshy and filled with sero-sanguineous 
fluid (Fig. lc) .  These lesions were exudative papillary 
cholangiocellular neoplasms histologically (see Fig. 7). 

Non-neoplastic cells associated with neoplastic 
lesions 

Previously described (Murchelano & Wolke 1985, 
Moore et al. 1989, Bodammer & Murchelano 1990) 
non-neoplastic yet abnormal lesions in winter flounder 

from Boston Harbor included, in order of decreasing 
prevalence: (1) macrophage aggregations, (2) hydropi- 
cally vacuolated cells, (3) biliary duct hyperplasia, 
(4) undifferentiated spindle-shaped cells within a focus 
of vacuolated cells, and (5) tinctorially altered foci of 
hepatocytes (these were seen rarely). In the present 
study we found that, of the above lesions, only the vac- 
uolated cells were found In intimate association with 
neoplastic lesions. 

Vacuolated cells were associated with hepatocellular 
and cholangi.ocellular neoplastic lesions in 1 01- both of 
2 primary ways. First, as large grossly visible foci of 
vacuolated cells, often containing smaller areas of neo- 
plastic cells. Secondly, single or multiple vacuolated 
neoplastic cells sometimes occurred within the body 
and/or around the invading edge of a neoplastic focus. 
The interrelationships between vacuolated cells and 
neoplastic lesions are summarized in Table 1. 

Histochemistry 

Twelve fish, including 6 neoplasm-bearers, were 
stained histochemically for iron, collagen, glycogen 
and nucleic acids. 

Iron. Non-neoplastic hepatocytes showed variable, 
but at times intense deposits of cytoplasmic iron. 
Macrophage aggregations also stained intensely for 
iron. In contrast, all hepatocellular and cholangiocellu- 
lar neoplastic leslons present in 6/6  different fish did 
not stain. Intra-vacuolar material in vacuolated cells 
also did not stain for iron. 

Collagen. Collagen commonly surrounded prolifer- 
ated bile ducts, and interwove many of the larger 
neoplastic lesions. Staining showed that fibrous con- 
nective tissue filled the voids that seemed to be asso- 
ciated with degeneration of neoplastic tissue. Intra- 
vacuolar material in hydropically vacuolated cells did 
not stain. 

Glycogen. Glycogen was present in the cytoplasn~ of 
some hepatocytes of Boston Harbor fish. Brush borders 
of some neoplastic cholangiocytes also stained posi- 
tively for collagen. Vacuolated cells did not stain. 

Table 1 Ple~lronectes americanus. Winter flounder caught on Deer Island Flats, Boston Harbor, MA, between 1985 and 1990. 
Proportions of neoplastic lesions intermingled by, in foci of, and fringed by vacuolated cells (VC); 23 fish contained 1 or more 
cholangiocellular neoplasms, 5 contained 1 or more hepatocellular neoplasms, and 1 contained both hepatocellular and chol- 
angiocellular lesions. Neoplasms and their relationship to vacuolated cells are described in the text. Neoplasms were classed as 

distinct if there was obvious spatial and phenotypic discontinuity between adjacent lesions 

Neoplasm type Number of % of neoplasnls O/o of neoplasms % of neoplasms 
neoplasms containing VC in foci of VC fringed with VC 

Hepatocellular 6 17 17 100 
Cholangiocellular 54 37 65 91 
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Table 2.  Pleuronectes amencanus Histo-morphological charactenstics of neoplastic lesions in winter flounder from Deer Island 
Flats Sizes are  as compared to untransfol-med hepatocytes or cholangiocytes 

Les~on type Tissue Invasion of Nucleus Nucleol~is Cytoplasm Nucleus.cyto- Cell slze 
architecture parenchyma s t a~n ing  pldsm ratio 

- 
Hepatocellular Trabecular - Round, Variable Basophilic Normal Large 
adenoma monomorphic 

Hepatocellular Trabecular + Round, Prom~nent  Basophil~c High Large 
cal-cinoma pleornorph~c 

Cholangioma Tubular - Clrcular to Variable Normal to Low/normal Large 
ellipsoid eos~nophilic 

Cholangio- Tubular + Ovoid Small Eosinophilic Normal Normal 
carcinoma Solid + Ellipsoid None Eosinophilic High Small 

Scirrhous inter- t Ovoid or 
woven with ellipsoid 
fibrotic sheets 

Cystic: lined + Ellipso~d None Eosinophilic High Small 
with flattened 
cholangiocytes 

Nucleic acids. Menzie's stain showed DNA to be in cell layers between each canaliculus and sinusoid, in 
the nuclei, and RNA to be in the nucleolus and non- contrast to the normal single layer arrangement. Vac- 
vacuolated cytoplasm of all cells. The vacuolar mater- uolated cells were irregularly interspersed through the 
ial within the hydropically vacuolated cells did not body and edges of the focus. 
stain for either DNA or RNA. 

Hepatocellular carcinomas 
Diversity of neoplastic phenotypes 

Every neoplastic lesion was unique, yet many fell 
within definable categories. Cholangiocellular neo- 
plasms proved to be most common (87% of all hlsto- 
logically distinct neoplastic lesions) although they 
were extremely heterogeneous. The cholang~ocellular 
types included cholangiomas and tubular, solid, cystic, 
and papillary cholangiocarcinomas. The hepatocellu- 
lar types included adenomas and carcinomas. The 

Pleomorphic hepatocellular lesions were seen only 
in 3 fish. These appeared as small 1 to 2 mm invasive 
lesions, more basophilic than the surrounding 
parenchyma (Fig. 2b). Nuclear profiles in these cells 
were round and had prominent nucleoli, but their size 
was variable, with some nuclei being twice the size of 
those in non-neoplastic hepatocytes in the adjacent 

hlsto-morphological charactenstlcs of each neoplasnl Table 3 Pleuronectes amencanus  Type and relative f re-  

type are given in Table 2, the plevalence of each lesion quency of 60 distinct neoplastlc lesions In 29 flounder col- 
lected from D e e ~  Island Flats Lesions are  descnbed in the 

type Is 'lsted In 3' and 'lsts lndl- text and In Table 2 Lesions were  classed as  dlstinct if there 
vidual cases. were  obvious spatial and phenotypic dlscontinuities 

Hepatocellular adenomas 

These were rare; only 3 such cases were observed. 
Fig. 2a shows 1 of these lesions that was walled off 
with a fibrous capsule that compressed the adjacent 
parenchyma. This lesion appeared to have overgrown 
and displaced a focus of vacuolated cells with sheets of 
hepatocytes whose nuclei were round with prominent 
nucleoli, and whose cellular outlines were indistinct, 
but generally rhon~boid. Vascular sinusoids permeated 
the lesion. However, hepatocyte tubules had multiple 

N 'X0 

Hepatocellular adenoma 3 5 0 
Hepatocellular carcinoma 3 5 0 
Cholangioma 2 3.3 
Cholangiocarcinoma 

Tubular 15 25.0 
Solid 18 30.0 
Tubular/solid 7 11.7 
Tubular/scirrhous 4 6 6 
Tubular/cystic 7 11.7 
Cystic/sc~rrhous 5 8.3 
Cystic/papillary 2 3.3 
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Table 4. Pleuroncctes americanus. tfepatic neoplastlc lesions 
in  winter flounder from Deer Island Flats, described In this 
paper and archived at  the Registry of Tumors for Lower An]- 
mals, \Yash~ngton, DC Multiple lesions from the samp, or dlf- 

ferent tissue block of 1 indiv~dual have the samt. RTLA no. 

RTLA Length Sex Lesion size 
no. (mm] (mm) 

- 

Hepatocellular 
Trabecular 5227 410 F 20 

Trabecular 5235 415 F 1 .8 
5236 360 F 1.2 

Cholangiocellular (well differentiated) 
5229 450 F 30.0 
5226 360 M 10.0 

Cholangiocellular carcinoma (poorly differen.tiated] 
Tubular 5230 395 F 1.0 

5232 389 F 8.0-16.0 
5233 395 F 1.4-4.8 
5226 360 M 2.0 

Solid 5228 420 F 2.0-3.6 
5230 395 F 2.0 
5233 375 F 4.0 
5234 398 F 8.0 
5237 360 M 2.1 

Tubular/solid 5228 420 F 2.2 

Tubular/scirrhous 5233 375 F 4.0 

Tubular/cystic 5225 390 M 2.1 
5228 420 F 4.0 

Cystic/scirrhous 5225 390 M 2.0 

Cystic/papillary 5228 420 F 3.3 
5231 436 F 27.0 

parenchyma. Mitotic figures were evident throughout 
the lesions. Lesions were at times heavily permeated 
by dilated vascular sinusoids. Invasion appeared as a 
radial intercalation of normal tubules by fingers of 
neoplastic hepatocytes. 

Cholangiomas 

As with hepatocellular lesions, non-invasive, differ- 
entiated, monomorphic cholangiocellular lesions were 
also rare. Only 2 cases were observed in this series. In 
1 fish (RTLA no. 5229) a 30 mm diameter raised, um- 

bilicated lesion (Fig l b )  had a creamy white nodule 
on one surface. Histologically (Fig. 3) the entire lesion 
was a mass of densely packed biliary tubules. Many 
of the tubules lacked a lumen. In the center of the 
lesion, nests of dilated tubules were seen, lined with 
cuboidal epithelia and filled with eosinophilic cellular 
debris. Portions of the center of the lesions were 
necrotic, with extensive scirrhous cords of eosino- 
philic fibrous tissue running through the mass of neo- 
plastic tissue. Nuclei varied from circular, to ovoid, to 
ellipsoid. Nucleoli varied from prominent to absent. 
The grossly visible but smaller adjacent, creamy pro- 
tuberance consisted of a solid, non-tubular mass of 
neoplastic cholangiocytes. These cells were contigu- 
ous with the adjacent larger mass of tubules, and 
compressed but did not invade the overlying band of 
normal parenchyma. 

Tubular cholangiocarcinoma 

This subtype (Fig. 4 ) ,  seen in 15 lesions, had many 
s~milarities to the cholanyiocellular lesions described 
above, with obvious tubules. However, the cell mar- 
gins were less distinct, the nuclear outlines were more 
variable, and the tumors were seen at times to invade 
rather than compress the adjacent parenchyma. Inva- 
sion appeared as a sinuous interweaving of neoplastic 
biliary tubules around normal tubules of hepatocytes. 
Vacuolated cells were common at the invasive edge of 
the tumor lesions. 

Solid cholangiocarcinoma 

Eighteen cholangiocellular neoplasms lacked an 
obvious tubular phenotype, with poorly differentiated 
cholanglocytes arranged in sol.id masses and whorls 
(Fig 5). Nuclei were smaller than those in the cells of 
the tubular subtype. The nuclei were elongated, pleo- 
morphic, and irregular in outline and the nucleoli were 
indistinct. The eosinophilic cytoplasm had a low vol- 
ume, except where hydropic vacuolation of neoplastic 
cells occurred. Many of these lesions were invasive, 
with masses of cells diffusely invading adjacent 
parenchyma. 

Fig. 2. Pleuronectes amerlcanus. Hepatocellular neoplasms in winter flounder liver. Paraffin-embedded sectlons (H&E]. (a)  RTLA 
no. 5227 Hrpatocellular adenoma: a large fleshy hepatlc mass was evident grossly and histologically. Normal tubulosinusoidal 
structure was replaced by masses of monomorphir neoplastic hepatocytes (N).  No invasion was ev~dcn t .  The lesion was walled 
off by a thick fibrous capsule (F]. xiany of the cells in the surrounding parenchyma were vacuolated (V].  100x. (b ]  RTLA no. 5236. 
Hepatocellular adenocarcinorna: mul t~ple  1 to 2 mm yellow lesions were observed grossly in this fish. An invasive trabecular 

focus is shown (arrowheads delineate border). lOOx 



Moore & Stegeman Hepatlc neoplasms 111 winter flounder Pleuronectes drnencanus 39 









Moore & Stegeman: Hepatic neoplasms in writer flounder Pleuronectes dnlencanus 4 3  

Cystic cholangiocarcinoma 

Some tubular cholangiocellular neoplasms had areas 
dominated by more or less circu.lar cysts and dilated 
tubules (Fig. 6) ,  lined by small, flattened, cuboidal 
epithelia, with ellipsoid nuclei and sparse cytoplasm. 
In others, the entire lesion was cystic. Cysts were inter- 
spersed by more pleomorphic cholangiocytes typical of 
those described above in the solid tumor subtype. 

Papillary cholangiocarcinoma 

A minority of the cystic cholangiocellular lesions had 
papillary tufts growing into the cyst lumen. These tufts 
consisted of small poorly differentiated cells with scant 
cytoplasm (Fig. 7). Free macrophages were also pre- 
sent in the lumina of these cysts that contained papil- 
lary tufts. Some of these cysts had enlarged enor- 
mously to form grossly visible structures filled with 
sero-sanguineous fluid (see Fig. l c ) .  

Degenerative changes in cholangiocellular 
neoplasms 

Fibrotic strands infiltrated many of the lesions. How- 
ever, a few lesions showed an extensive fibrosis, giving 
a scirrhous appearance (Fig. 8a).  These lesions ap- 
peared senescent, with whorls and tubules of neoplas- 
tic cholangiocytes intercalated by a swirling network 
of fibroblasts. These tracts were often continuous with 
spaces in the tumor focus, which were wholly or par- 
tially filled with desmoplastic fibrosis (Fig. 8c). In some 
lesions these spaces were filled with many smaller, 
empty structures lined by effete neoplastic cells, inter- 
spersed with single macrophages. This arrangement 
had the appearance of spongiosis hepatis (Bannasch et 
al. 1981, Couch 1991) , and seemed to be the end stage 
of degeneration of the neoplastic focus (Fig. 8b).  

DISCUSSION 

In this study we have found that cholangiocellular 
neoplasms were the most common tumor in winter 

flounder sampled from Deer Island Flats in 1985 
through 1990. In their 1984 sample Murchelano & 

Wolke (1991) also found that hepatic tumors in winter 
flounder from Boston Harbor wel-e predominantly 
cholangiocellular; our results thus establish that this 
general neoplastic phenotype is persistent over at least 
7 yr. Cholangiocellular tumors have also predominated 
in some other bottom-feeding fish from contaminated 
sites, notably in the brown bullhead Ictalurus nebulo- 
sus (Baumann et al. 1987, Hayes et al. 1990) and the 
white sucker Catoston~us commersoni (Hayes e t  al. 
1990). In contrast, hepatocellular neoplasms were 
more common than cholangiocellular neoplasms in 
winter flounder from 10 U.S. East Coast sites (Johnson 
et al. 1992), English sole Pleuronectes vetulus (Myers 
et al. 1990) and the mummichog Fundulus heteroclitus 
(Vogelbein e t  al. 1990). 

The predominance of hepatocellular neoplasms in 
fish from some contaminated sites, and cholangiocellu- 
lar neoplasms from others, may involve some or all of 
the following factors: (1) differences in the nature of 
the chemical(s), in the dose(s) and/or in the duration of 
exposure at each site; (2)  the unlque spawning behav- 
ior, feeding habits and seasonal migration of each 
species; (3) differing genetic abilities to metabolize, 
activate and excrete carcinogens, and susceptibilities 
of protooncogenes and tumor suppressor genes to 
genotoxic deregulation. In addition, variability in diag- 
nostic interpretation between studies should be con- 
sidered. 

Polynuclear aromatic hydrocarbons (PAH) are geno- 
toxins that are most commonly found at high con- 
centrations in contaminated sediments. Therefore, ex- 
periments in which PAH were administered to fish are 
relevant for understanding feral epizootics in contami- 
nated habitats. Captive-bred species in which PAH 
have been used to induce liver tumors include the 
rainbow trout Oncorhynchus mykiss (Black et al. 
1985, Hendricks et al. 1985), topminnow Poeciliopsis 
monacha (Schultz et al. 1989), guppy Poecilia reticu- 
lata (Hawkins et al. 1990) and medaka Oryzias latipes 
(Hawkins et al. 1990). Lesions resulting from experi- 
mental PAH exposure of fish as embryos, larvae or 
juveniles are usually described as hepatocellular, and 
are  usually found in fish of 6 to 12 mo of age (Hoover 
1984). Exposure of adult fish often fails to elicit overt 

Fig. 5. Pleuronectes arnel-icanus. An invasive solid cholangiocellular carcinoma in a winter flounder liver. Paraffin-embedded 
sections (H&E). The gross appearance of this fish is illustrated in Fig. l a  RTLA no. 5233. (a)  Masses and whorls of neoplastic 
cholangiocytic epithelia. 25x. (b) A higher magnification of a different area of the same lesion as in ( a ) .  Masses of neoplastic 
cholangiocytes (C) are  interspersed with trabeculae of more basophilic non-neoplastic hepatocytes (arrowheads). A degenerative 
area (D) on the left margin has been filled in with spongiotic tissue. 100x. (c) Detail of part of (a). Occasional primitive tubular 

structures are evident (arrowheads). 400x 
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tumorigenesis. There appears to be a much higher 
sensitivity of the early life stages of fish, than of 
adults, to experimentally adin~nistered carcinogens. 
This sensitivity presumably reflects the high cell pro- 
liferation rate in the liver of young fish. with an in- 
creased chance of fixation of genetic damage includ- 
ing parenchyma] cells. However, there has yet to be a 
description of liver tumors in wild fish during their 
first year Indeed, in this study the youngest age  
recorded for a tumor-bearer was 5 yr. This is not to 
suggest that young feral fish in contaminated habitats 
are  not exposed to genotoxic compounds, rather that 
tumorigenesis may require repeated exposure to 
these compounds, and/or subsequent exposure to suf- 
ficient doses of epigenetic carcinogens. We have pre- 
viously attempted to elicit tumorigenesis in adult win- 
ter flounder by exposing them to dietary aromatic and 
halogenated hydrocarbons. The only response we 
saw was a proliferation of peribiliary epithelia (Moore 
1991), which appeared comparable to the oval cell 
reaction described in hepatocarcinogenesis studies in 
mammals (Sell & Leffert 1982). 

The teleost liver, 1.acking the radial symmetry of lob- 
ules, has a relatively primitive organization as compared 
to mammals. lnformation on the pathogenesis of liver 
neoplasia within this liver may aid in resolving current 
controversies. One such controversy has focused on the 
relative significance of altered foci of hepatocytes versus 
primitive biliary epithelia, such as oval cells, in mam- 
malian hepatocarcinogenesis (Sell & Lefert 1984). The 
cell associations w e  have described bear on this contro- 
versy. In the winter flounder, the cell type most inti- 
mately associated with the majority of the neoplastic 
lesions described in this study is the vacuolated cell. 
This cell appears to be  an  abnormal epithelial cell that 
contains a large vacuole that develops in response to 
chronic exposure to cytotoxins Adjacent to many vac- 
uolated cells there are small, ovoid, basophilic cells that 
are not vacuolated and have scant cytoplasm. Both of 
these cell types appear to be proliferative (Moore & 
Stegeman 1992, Koza et al. 1993). In a survey of multiple 
sites on the U.S. East Coast, the prevalence of hydropic 
vacuolation was found to correlate closely with levels of 
polynuclear aromatic hydrocarbons and chlordanes in 
sediment and stomach contents in winter flounder, 
starry flounder and white croaker (Johnson et  al. 1992, 
Myers et  al. 1994). We have also shown that the first cell 

to undergo vacuolation IS a bihary preductular cell 
(Moore et al. 1989). Biliary epithelial cells in fish have 
been described by some as oval cells (Hampton et al. 
1988). h/Ioreover, as discussed above, we have induced 
an 'oval cell response' in winter flounder following 
chemical exposure. It is possible, therefore, that there is 
some form of functional homology between vacuolated 
and poorly differentiated biliary epithelia in winter 
flounder and the oval cell in rodents (Sell & Salman 
1984, Tsao & Grisham 1987) and other fish (Couch & 
Courtney 1987). Whether other similarities occur be- 
tween fish preductular and mammalian oval cells is not 
known. Further characterization of the preductular cell 
in flounder, and its proliferation could substantiate this 
possibility. 
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