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ABSTRACT. This paper reports the detailed histopathological analysis of livers of flounder Platichthys 
flesus sampled in Dutch coastal and estuarine waters during 1985-89. In conjunction with an epizoo- 
tiologlcal study of grossly ~dentifiable diseases at 10 sampling locations, a total of 210 livers (1 % of 
sampled population) showing gross nodular lesions (diameter > 2  mm) and 315 livers showing no gross 
pathology were collected. Of the 210 livers with grossly observable nodules, 67 % were diagnosed as 
having neoplasms. The majority of these neoplasms were identified as hepatocellular adenoma; 13.1 0' 
were diagnosed as hepatocellular carcinoma. Most of the remaining nodules were diagnosed as foci of 
cellular alteration, whlch are considered to be preneoplastic lesions. Routine histopathological exami- 
nation of livers showing no gross pathology resulted in the identification of a range of lesions including 
hepatocellular adenoma, foci of cellular alteration, hydropic vacuolization of biliary epithelial cells and 
hepatocytes, inflammatory lesions, focal necrosis, regenerative foci, and fibrillar hepatocytes of 
unknown significance. In addition, indices were used to quantify the presence of storage vacuoles 
(glycogen and lipid) and the relative density of melanomacrophage centres. The results indicate that a 
small proportion of neoplasms would be missed if only livers with grossly detectable nodules were sub- 
jected to histological examination. The prevalence of foci of cellular alteration at the different sampling 
sites showed a good correspondence with that of neoplasms, providing support for the hypothesis that 
these conditions represent stages of the same process. Of the other lesions and quantitative ~ndices ,  
only hydropic vacuolization of billary epithelia] cells had a spatial distribution similar to that of neo- 
plasms. 11 is concluded that liver neoplasms and especially their precursor lesions in flounder are 
promising tools for monitoring exposure to potential carcinogens, provided that migration patterns 
are explicitly taken into account. Furthermore, experimental studies are needed to investigate the 
chemical agents responsible for the onset of these early lesions and their progression into neoplasms, 
and also to evaluate the contribution of other environmental and host-related factors. 
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INTRODUCTION they usually return to the same inshore feeding areas 
as in previous years, and move little during the 

Flounder Platichthys flesus spawn in offshore areas summer (De Veen 1971). In conjunction with their 
but grow up and feed in inshore coastal waters, abundance, widespread distribution, and susceptibility 
estuaries and fresh water. After spawning in winter to disease, this tendency to remain faithful to the 

same feeding areas makes flounder suitable for studies 
of disease in relation to pollution (Vethaak 1992a, 

'E-mail: vethaak@rikz.rws.minvenw.nl Vethaak & Jol 1996). 
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A previous paper has described the epizootiological plasms was also found., and it was concluded that 
characteristics of gross lesions in flounder from Dutch observed patterns of this disease could not be explained 
coastal a n d  ~ s t u i i r l n e  waters d ~ ~ r i n g  1983-89 (Vethaak by simple local causal factors and that age-related 
& Jol 1.996). In that study, the gross leslons included- migration should be taken into account. 
in addition to 2 epidermal diseases-visible nodules The present paper deals with the histopathological 
(>2 mm in diameter) on the liver surface, which were interpretation of liver nodules detected during gross 
histologically confirmed as neoplasms. It was shown that inspection of fish from the above epizootiological sur- 
neoplastic nodules were present in 1.0% of all flounder veys. It also presents data-from the same samples- 
aged 2+ yr, prevalences rising steeply with age  and on an additional histopathological investigation of livers 
locally attaining values of 30%% in fish aged 6+ yr lacking nodules. The purpose of the latter investiga- 
(Vethaak & Jol 1996). An attempt was made to relate tion was to provide general background information 
prevalences of these lesions to environmental pollu.tion. on liver histology, as well as to complement the fin- 
Taking the data set as a whole, there were no significant dings relating to liver nod.ules. 
correlations between the observed spatial variation in the 
occurrence of these nodules and  concentrations of 
selected contaminants in sediments (Fig. 1) or tish liver MAI'EWIALS AND MEI'HUDS 
tissue. Neoplasms were virtually absent in flounder from 
highly polluted brackish areas. This may be at  least Study area and sampling procedure. Late summer 
partidlly attributable to the fact that young fish (2 to 3 yr sampling: Between 1985 and 1989 flounder were col- 
old) formed a high proportion of the populations lected during September from polluted coastal waters 
inhabiting these brackish polluted sites, while neo- (Sites 5 and 6) and from the Eastern Scheldt (Site 4 ) .  
plasms are typically found in fish of 6 or more years of Site 4 was adopted as a reference site because of 
age .  Only limited indications were found for a direct relatively low pollution levels. During 1987-89 the 
chemical aetiology, with particularly high prevalences at programme was extended to include 6 additional sites: 
one site (Site 6) close to a n  iron works: younger age  2 in coastal waters (Sites 3 and 7)  1 in the Wadden sea 
groups were notably affected at this site. Seasonal and (Site 8) and a further 3 in 2 different estuaries, the 
year-to-year variation in thc prevalence of liver neo- Western Scheldt (Sites 1 and  2) and the Ems-Dollard 

(Site 9) (Fig. l ) .  
5no Late winter sampling: In 1988 and 1989, 

additional sampling was conducted during 
February-April in an  offshore coastal 
spawning area (Area S). The population 
sampled is considered to represent, at  least 
in part, the various populations sampled 

5 3 O  during late summer. 

Information about the sampling methods 
and a detailed characterization of the samp- 
ling sites are given by Vethaak & Jol (1996). 

A total of 14 526 livers of flounder were 
inspected for the presence of grossly visible 

5 1  liver nodules: a total of 210 l~vers  with 
nodular lesions greater than 2 mm in dia- 
meter were collected for further investiga- 
tion. In addition, a total of 315 livers without 
nodules were collected during September 
1987 (280 fish at 9 sites) and February-April 
1988 (35 fish in Area S) .  These samples were 
taken at random withln deflned length 
classes (Tab1.e 1) .  At each site an attempt was 

., S O  made to sample 10 fish In each of 3 length 
Fig. 1. Map of the study area showing sampling locat~ons (Sites 1-9 and classes and an  additional 5 fish in the largest 
.4rw S). Also shown (from Vrthaak & Jol 19961 are: (a) odds ratios for length class, H ~ ~ ~ ~ ~ ~ ,  due to the scarcity 
hepatic neoplasms at  Sitcs 1-9 adjusted for sampling )-edr/fish length; 
(b) concentrations of thn sum of 3 PAHs [benz(b)fluoranthene, benz(k)- of small fish at Sites 3 and 6 and in Area S, 

fluoranthene, benz(a)pyrene] in sedimcnts a t  Sites 1-9 on 2 separate and the scarcity of large fish a t  Site 91 this 
sampling occasions schedule could not be adhered to exactly. 
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Table 1 Platichthys flesus. Number of livers examined for routine histopatho- Statistical methods. The data for foci 
logy at the 9 sampling sites (Sites 1-9) and the spawning area (S). Fish with liver of cellular alteration and inflammatory 

nodules were excluded lesions were analysed by fitting a log- 

Season Site Year Total no. Length class (cm) 
of fish 20-24 25-29 30-34 35+ 

Late summer 1 1987 35 10 10 10 5 
2 1987 35 10 10 10 5 
3 1987 25 0 10 10 5 
4 1987 35 10 10 10 5 
5 1987 35 10 10 10 5 
6 1987 25 0 10 10 5 
7 1987 35 10 10 10 5 
8 1987 35 10 10 10 5 
9 1987 20 10 10 0 0 

Total 280 70 90 80 40 

Late winter S 1988 35 0 14 14 7 

All sites + seasons 1-9+S 1987-88 315 70 104 94 47 

linear model (logit analysis) with length 
and site as explanatory variables. Data 
from the 2 largest length groups 
were pooled. Data on the occurrence 
of hydropic vacuolization of biliary 
cells, hepatocellular hypervacuoliza- 
tion, focal necrosis and regenerative 
foci were not analysed with this model 
because there were insufficient num- 
bers of diseased fish. For similar rea- 
sons, no statistical analysis of length- 
to-age-transformed data for the various 
lesions was carried out. 

The methodology of the log-linear 
model is described at length by Vet- 
haak & Jol (1996). Odds ratios were 

The length and sex of each fish were recorded. The estimated from the parameter coefficients of the logit 
otoliths were removed for age determination accord- analysis. Odds ratios for site were expressed relative to 
ing to the methods of Van Leeuwen & Vethaak (1988). Site 4 (reference site), and for length relative to the 

Histological techniques. All 525 livers collected smallest group (20-29.9 cm). 
were preserved in 10% saline formalin or Bouin's Correlations between disease occurrence [log(di- 
solution for histological examination. Fixed tissues sease odds)] and contaminant levels in fish liver and 
were routinely processed to paraffin wax blocks. sediment detailled in Vethaak & Jol (1996) n7ere tested 
Sections were then cut at 3 to 5 pm and stained prlma- by simple regression analysis. Correlations with liver 
rily with haematoxylin and eosin (H&E). The Oil-Red-0 contaminant concentrations were tested using data 
(0-Red-0) reaction for staining of lipids was applied from small flounder sampled in September 1987. Cor- 
to frozen cryostat sections. Additional histochemical relations with sediment contaminant concentrations 
stains were used where necessary and where possible were tested using data for the fraction <63 pm in 
to further investigate specific lesions in more detail. samples collected in 1986-87. 

Routinely, only a single section per liver was cut. How- Patterns of CO-occurrence of different lesions in the 
ever, on the infrequent occasions when histological livers of individual flounder were determined by 
examination indicated that the section had missed testing for independence of pairs of lesion types using 
a grossly observed nodule, further sections were cut 2 X 2 contingency tables. Probabilities were deter- 
and/or the remaining fixed material was re-examined. mined for log-likelihood ratios using Yates' corrected 

For semi-quantification of storage products (fat or test for small sample sizes. Because of the small num- 
glycogen) in the form of cytoplasmic vacuoles in the ber of cases of most types of lesions, only 2-way tables 
liver, an index was formulated as follows: were used. The significance level of the critical chi- 

1 = no vacuolization; 2 = up to 25 % of the cytoplasm value was set at p < 0.05. 
vacuolated; 3 = 25 to 75 O/u of the cytoplasm vacuolated; 
4 = near-total vacuolization, with increased cyto- 
plasmic volume. 

Similar semi-quantification was performed for the 
density of melanomacrophage centres (MMCs): 

1 = absent; 2 = 1 to 5 MMCs per section; 3 = on 
average, l MMC per field of view (mag. 10 X 25); 4 = 

several MMCs per field of view (mag. 10 X 25). 
The investigation of liver abnormalities was con- 

fined to histological examination of paraffin-embedded 
tissues. Because of the large number of fish sampled and 
the suboptimal conditions for laboratory work while at 
sea, other techniques such as enzyme histochemistry or 
electron microscopy were not attempted. 

RESULTS 

Histology of the normal liver 

The normal liver morphology of flounder is not 
fundamentally different from that of other fish species 
described in the literature (e.g. Myers et  al. 1987, 
Hinton & Lauren 1990, Hinton 1994). The functional 
unit in the fish liver is a tubule with a central bile 
canaliculus (or bile ductule), with individual tubules 
incompletely separated by sinusoids (Hinton & Lauren 
1990, Hinton 1994). Pancreatic exocrine tissue is scat- 
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tered throughout the llver, w ~ t h  a more or less regular 
dlstr~butlon (Flg 2 ) ,  for this reason the llver 1s also 
termed the 'hepatopancreas' Randomly dlstrlbuted 
b ~ l e  ducts appear as tubular structures formed by 
cubo~dal  epithelium surrounded by a connective tlssue 
sheath of varlable thlckness The h e ~ g h t  of the epl- 
thelium and corresponding thlckness of the f~brous  
sheath are apparently related to location wlthln the 
billary t ~ e e  A lobular pattern of llver archltecture, as 
common In hlgher vertebrates, is lacklng Clusters of 
swollen melanomacrophage centres (MMCs) can be 
found scattered throughout the llver Thelr content can 
vary from fa~ntly stalnlng foamy mater~al  to brown 01 

black plgmented storage products These MhlCs, also 
leferred to as macrophage aggregates (Wolke 1992), 
are generally regarded, In part, to functlon w ~ t h l n  the 
non-speclfic cell-medlated Immune system Through 
phagocytotic activ~ty, they represent sltes of accumula- 
tion and storage of waste products, and depending on 
thelr degree of plgmentatlon (Wolke et a1 1985), can 
thus reflect both the age  and the health status of the 
flsh ( A g ~ u s  & Agbede 1984) 

Varlablllty of the hepatocyte morphology depends 
partly on the reproductlvc cycle In particular the 
estrogen-~nduced state of vltellogenesls In spawning 
females, and also on the quantlty of storage products 
such as fat and glycogen The amount of storage 
products obviously depends on the quallty and quantlty 
of the food supply In routlne hlstologlcal sectlons, both 
fat and glycogen are  seen as translucent cytoplasmlc 
areas Although In general qlvcogen 1s more lacy In 
appearance and more diffusely dlstr~buted through the 
cytoplasm than fat (llpld) tvhlch IS manlfest as globular 
droplets, ~t 1s not always poss~ble to discriminate be- 
tween these mater~als In routine sectlons It IS our 
Impression that the accumulation of fatty droplets 1s 
not necessarily lndlcatlve of cellular degeneratlon or 

Fig. 2. Platichthys flesus. Histo- 
logical section of a normal flounder 
llver. Note bile duct (small arrow- 
head) ,  exocrine pancreatic tlssue 
(large arrowhead) and tubuloslnu- 
soidal a rch~tecture  without lobular 
structures. There is uniform sliqht 
vacuolizatlon, indicative of glyco- 

gen storage. H&E, x 3 2  

fatty degeneratlon, or of fatty change or steatosis, as is 
frequently the case in mammalian liver pathology. 

Liver histopathology 

Llver abnormalities were broadly classified into neo- 
plastic and putatlve preneoplastic lesions on the one 
hand, and nonneopkastic lesions on the other. The 
latter group included inflammatory and necrotic 
lesions; abnormalities related to storage products 
could belong to either group. 

Neoplastic and putative preneoplastlc lesions 

These leslons were grouped Into the following 3 
categories based on studles of other flsh species such 
as ralnbow trout Salmo gairdneri (Hendrlcks et a1 
1984), t n n t e ~  flounder Pleuronectes amencanus (Moore 
et a1 1989) and Engllsh sole Pleuronectes vetulus 
(Myers et  a1 1987), and of rodents (Frlth & Ward 1980, 
Maronpot et a1 1986) 

Focl o f  cellular alteration These Include dlstinct 
focal areas w~th ln  whlch the hepatocytes contaln dlf- 
ferent amounts of cytoplasmlc components, and hence 
demonstrate a different degree of stalnlng compared 
to the surroundlng parenchyma Thls altered stalnlng 
may be eoslnophlllc (eoslnophlllc focus), basophlllc 
(basophihc focus), or translucent (clear cell focus), de- 
pending on the var~ation In d~st r~but ion of cvtoplasmlc 
organelles and/or storage materlal (Flg 3a-c) In other 
respects the arch~tecture remalns normal, wlthout com- 
presslon of the surroundlng tlssue In the present 
study, a particularly large focal lesion, In the literature 
sometimes referred to as an 'area of cellular alterat~on', 
was also Included In t h ~ s  category 
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The most commonly encountered type of focus of 
cellular alteration in the sections examined was the 
clear cell focus (58 Oh of foci), consisting of cells with a 
higher cytoplasmic fat and/or glycogen content than 
the surrounding liver cells Basophllic foci were 
somewhat less common (39%), while eosinophilic 
foci were scarce (3%). Some of the basophilic foci 
may have been regenerative foci, the difference 
between them being, in our material, difficult to 
establish due to the v~rtual absence of associated liver 
damage. In the livers of flounder sampled in late 
winter, however, the difference was more obvious due 
to an association of regenerative foci with focal 
necrosis and inflammation. 

Hepatocellular adenoma. This is considered to be a 
benign neoplasm, and is characterized as a nodular 

hyperplastic hepatocellular lesion, showing compres- 
sion and slightly altered cytomorphology and archi- 
tecture The absence of pancreatic tissue, of MMCs 
(shown up by PAS staining), and of cytoplasmic 
iron storage (Perls' Prussian Blue staining) are useful 
diagnostic features (Fig. 4a, b). 

Hepatocellular carcinoma. In mammalian pathology, 
a carcinoma is a malignant epithelia1 tumour with 
potentially lethal effects via invasion and metastatic 
spread. Although these lethal characteristics are ex- 
ceedingly rare in fish and therefore difficult to apply, 
this diagnosis is used in the present study for those 
neoplasms showing advanced cellular atypia and 
architectural abnormalities such as a tubular, acinar or 
solid growth pattern (Fig. 5a).  In addition, local in- 
vasion was used as a supporting criterion (Fig. 5b). 

Fig. 4.  Platichthys flesus. (a) Liver 
with nodular lesion (lower left) 
diagnosed as hepatocellular aden- 
oma, showing obvious compression 
and clear demarcation from sur- 
rounding t~ssue,  but with near- 
normal cytomorphology. Note the 
presence in normal tissue, but 
not in neoplastic liver tissue, of 
PAS-positive rnelanomacrophage 
centres (small arrowhead) and 
exocrine pancreatic tissue (large 
arrowhead) PAS, x160. (b) De- 
tailed view of a hepatocellular 
adenoma (right). Notc trdbecular 
pattern and compression of the 
surrounding liver, and acinar 
architecture in the neoplastic 
component (arrowheads indicate 
the boundary between normal 
and tumourous Lissue). H&E, x160 
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In many severely affected fish, multiple lesions were 
commonly detected. Carcinomas and adenomas fre- 
quently occurred in combination wlth each other 
and/or with foci of cellular alteration 

Nonneoplastic lesions 

Storage disorders. As reported above, the cytomor- 
phology of the liver shows considerable varlation and 
hence it is difficult to declare that an  observed 
condition related to the deposition of storage products 
is pathological. In the case of lipid/glycogen storage, 
an  apparently zonal distribution of vacuoles (Fig. 6a) or 
a gradual alteration in density (Fig 6b) sometimes 
occurred in apparently normal livers (Fig. 6). Clear-cell 

foci were only recorded as such if they were restricted 
to a speclflc area and showed obvlous margins Al- 
though they could be considered focal storage dls- 
orders, we followed the example of previous authors 
( e  g Myers et al. 1987) and classifled them as foci of 
cellular alteration as above. 

Inflammdtory lesions TWO major categories of in- 
flammatory-related lesions were recognized in our 
material. 

Parasitic l e s~ons  and  cysts. These were lesions con- 
ta~nlng parasites or thelr remalns, principally nema- 
todes, together with extensive necrosis and a n  
inflammatory response (Fig. 7). Parasitic cysts often 
contained the spores of the protozoan Glugea sp. In 
general, the inflammatory response was minimal 
around these cysts 

Fig. 5. Platichthys flesus. (a) Hepa- 
toceUular carcinoma, showing ab- 
normal arch~tecture with solid 
growth and multlple perivascular 
cystic spaces. Note also capsular 
invasion and lack of pancreatic 
tissue. H&E, x16. (b) Hepato- 
cellular carcinoma (top) with local 
invasion in glycogen-rich normal 
liver (large arrowheads). Note 
irregular architecture and orien- 
tation of hepatocytes and accom- 
panying inflammatory response 

(small arrowhead). H&E, x160 
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Hepatitis: Accumulations of inflammatory cells flym- 
phocytes and macrophages), without visible associated 
microorganisms, were frequently encountered on the 
surface of the liver or in close proximity to major blood 
vessels (Fig 8, serosal inflammation) In flounder 
captured in late winter this inflammation occurred 
more diffusely throughout the liver (Flg 9; hepatltu). 

Miscellaneous nonneoplastlc lesions. 
Hydroplc vacuollzatlon of blliary epithelial cells: 

This lesion was characterized by marked cytoplasmlc 
swelling of groups of cells in whlch there was an in- 
crease in translucency of the cytoplasmlc compounds. 
These cells were arranged in tubular profiles Because 
these 'vacuolated' cells were wlthln biliary tracts and 
were often surrounded by a thin fibrous capsule [Fig 
10), they were considered to primarily affect biliary 

Fig. 6. Platichthys flesus. Normal 
flounder liven with (a) seemingly 
zonal distribution of vacuoliza- 
tion; H&E, x48; and (b) a gradual 
alteration in density of vacuoliza- 

tion; H&E, x160 

epithelial cells. In some cases, scattered isolated cells 
were affected which presumably represented single 
preductular biliary epithelial cells within the centre of 
the hepatic tubule. In general, hydropic vacuolization 
of biliary epithelial cells was diffusely distributed 
throughout the h e r .  

Focal hepatocellular hypervacuolization: In a few iso- 
lated cases, single hepatocytes or groups of hepatocytes 
showed excessive swelling, and occasional pyknotic 
nuclei were seen (Fig. 11). The pathological signifi- 
cance of this probably degenerative storage disorder is 
unknown. Staining of this material with 0-Red-0 and 
PAS gave negative results. 

Hydropic vacuolization of biliary epithelial cells and 
focal hepatocellular hypervacuolizatlon, which we 
consider to be hydropic degenerative lesions, are 
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Fig 
w ~ t h  
l e s~o  
para 
by 1 

7 Platichthys 
subcapsular 

Nn containing, in 
sltlc nematode, 
macrophages ar 

capsule. H&E 

flesus L~vel- 
protruding 

the centre, a 
surrounded 

~d a fibrous 
3, x80 

thought to be separate entities and are discriminated 
from each other and from clear-cell focl on the basis of 
the characteristics given in Table 2 

Focal necrosis: Occasionally, focal necrosis was 
found. Since agonal or postmortem liver damage was a 
frequent findlng despite all efforts to handle anlmals 
and tissues carefully, it was necessary to differentiate 
this (autolysis) condition from (intra-vital) necrosis. 
Only when an associated tissue response (Flg 12)  was 
apparent, was focal necrosis diagnosed 

Regenerative focl: Regenerative focl were found 
inalnly In flounder captured in late winter, where 

Fig. 8 Plat~chthys  Nesus Liver 
1 ~ 1 t h  serosal inflammation. H&E, 

x4 8 

inflammation or necrosis was apparent. These focl 
consisted of small irregular groups of small basophlllc 
cells with hyperchromatlc nuclel (Fig 13) 

Fibrillar hepatocytes. In some livers, hepatocytes 
were found to contain a stack of long parallel flbrils in 
the cytoplasm, g~v ing  the cell a columnar or wedge- 
shaped appearance (Fig 141 Unfortunately, the nature 
of these fibrils could not be determined, as fixation of 
the materlal was not considered adequate for examl- 
nation by electron microscopy. Thls condition bore no 
apparent relatlon to the any of the above pathological 
conditions. 
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Histological confirmation of gross liver lesions 

In Table 3 the spatial and seasonal distributions of 
grossly visible nodules and histologically confumed 
hepatlc neoplasms are presented. Slnce the occur- 
rence of liver neoplasms appears to be related to 
length, age and sex of the fish (Vethaak & Jol 1996) the 
crude prevalences in this table only give a general 
lmpresslon of the differences among sltes and seasons 
(see also Fig la )  A detalled statistical analys~s is given 
by Vethaak & Jol (1996). The pnncipal features of the 
data are as follows: 
- Of the 210 grossly detected llver nodules, 141 (67.1 O h )  

were diagnosed as neoplasms. 

Fig. 9. Platichthys flesus. Atrophic 
f l o ~ l n r l ~ r  11ver frnm late winter 
with diffuse accumulation of in- 
flammatory cells (hepatitis) (small 
arrowhead) and small melano- 
macrophage centres (large arrow- 

heads). H&E, x160 

-The 141 neoplasms included 117 cases of hepato- 
cellular adenomas and 19 of hepatocellular carci- 
nomas, 4 cases of cholangioma and 1 of cholangio- 
cellular carcinoma. In addition, several non-hepatic 
tumours were found in the vicinity of these liver 
neoplasms, representing exocrine pancreatic ade- 
noma (Fournle et al. 19881, hemangioendothelioma, 
and adenocarcinoma possibly of renal origin. The 
pattern of occurrence of carcinoma reflected that of 
hepatic adenoma (Table 31, with highest prevalences 
at coastal sites (Sites 6 and 7) and in the spawning 
area (S). 

- The remaining 32.9% of liver nodules included foci 
of cellular alteration (26.7%),  while the remaining 

Fig 10. PlaLrchtfiys flesus Liver 
wlth hydropic vacuol~zat~on of 
b111ary epithelia1 cells Note ex- 
treme swelling of b ~ l e  duct epi- 
thellum (large arrowhe6ds)i also 
melanomacuophage centre faster- 
isk) and on the right a small nm 
of adjacent hepatocellular car- 

cinoma H&E, x160 
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Table 2. Platichthys flesus. Criteria used to distinguish the various types of 'vacuolated' lesions 

Feature Hydropic vacuolization 
of biliary epithelia1 cells 

Focal hepatocellular 
vacuolization 

Foci of cellular 
alteration 

Distribution In bile tracts 
Fibrous sheath Present 
Compression Absent 
Relation to diffuse hepatic vacuolization lndependent 
Translucent cytoplasm Well defined/circular 
Nuclear morphology Compression 

Throughout the h e r  
Absent 
Present 
Dependent 
Irregular 
Compress~on/pyknosis 

Throughout the liver 
Absent 
Absent 
lndependent 
Lacy 
Normal 

Table 3.  Plat~chthys flesus. Number of fish examined for gross liver abnormalities at  each site, number with nodules, and number 
subsequently confirmed as having hepatic neoplasms. Prevalences ('h) are  given in ~talics.  Range of fish lengths 20-45 cm 

Season Site Year Fish Fish with gross Fish with con- Fish with con- Total fish with 
examined liver lesions firmed hepatic firmed hepatic confirmed liver 

(nodules) adenomaa carcinoma neoplasms 

Late summer 1 1987-89 1160 0 0.0 0 0.0 0 0.0 0 0.0 
2 1987-89 1368 1 0.1 1 0.1 0 0.0 1 0.2 
3 1987-89 818 15 1.8 10 1.2 1 0.1 11 1.3 
4 1985-89 2363 5 0.2 2 0.1 0 0.0 2 0.1 
5 1985-89 2385 30 1.3 16 0.7 4 0.4 20 0.8 
6 1985-89 1436 44 3.1 23 1.6 4 0.2 27 1.9 
7 1987-89 1269 68 5.4 36 2.8 7 0.6 43 3.4 
8 1987-89 1054 7 0.7 3 0.3 0 0.0 3 0.3 
9 1987-89 817 0 0.0 0 0.0 0 0.0 0 0.0 

Total 12670 170 1.3 91 0.7 16 0.1 107 0.8 

Late winter S 1988 1856 40 2.2 30 1.7 4 0.2 34 1.8 

All sites + seasons 1-9+S 1985-88 14526 210 1.4 121 0.8 20 0.1 ' 41  ' .O  

aThese Included 117 hepatocellular adenomas and 4 cholangiomas 
bThese included 19 hepatocellular carcinomas and 1 cholangiocellular carcinoma 

Fig. 11 Platichthys flesus. Multi- 
focal hepatocellular hypervacu- 
olization (arrowheads). Note ab-  
sence of fibrous sheath, irregular 
shape, slight compression, and 

condensed nuclei H&E, X 160 
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nodules (6 2 O/o of nodules) were diagnosed as heman- 
gioma, parasitic lesions with chronlc inflammatory 
tissue, or cysts. 

-The probability that a grossly observed nodule 
corresponded to a neoplasm increased wlth the 
diameter of the nodule: over 90% of nodules greater 
than 10 mm in diameter appeared to be neoplastic, 
whereas half of those between 2 and 5 mm in 
diameter were diagnosed as foci or areas of cellular 
alteration (Fig 15) 

-The mean diameter of observed nodules showed no 
clear spatlal or seasonal trend. However, the dia- 
meler of the largest nodules detected in individual 
fish increased with age, indicating a progression of 
these lesions dur~ng the lifetime of the flsh (Fig 16) 

Fig. 12 Plahchthys 
with focal necrosis. 
tlssue response esl 
penpheral invasion 

phages. H&E, 

flpclrg 1.ivpr 

Presence of 
lablished by 

of macro- 
x160 

Histological investigation of livers without nodules 

The prevalences of histologically observed lesions in 
livers wlthout gross nodules at the different sites are 
presented In Table 4 .  Overall, the 2 most prevalent 
types of lesion-each occurring in over 11 5% of the 
livers examined-were foci of cellular alteration and 
inflammatory les~ons, the latter including both lesions 
of parasitic origin and hepatitis. Two other conditions 
were detected m more than 5% of the fish, namely 
focal necrosls and regenerative foci. 

In terms of spatlal distribution, the occurrence of 
hepatocellular adenoma was confined to 1 liver at 
Site 5 and that of foci of cellular alteration was 
restncted to sites of high salinity (Sites 3 to 8). Hydro- 

Fly. 
with 

13 Platichllrys fiesus. 
regenerative focus. 

x180 
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Fig. 14.  Platichthys flesus. Liver 
showing hepatocytes with fibrillar 
cytoplasm (arrowheads). H&E, 

x800 

pit vacuolization of biliary epithelial cells, hepato- 
cellular hypervacuolization and fibrillar hepatocytes 
(1 % of livers from Site 7 and Area S) were also con- 
fined to the sites of high salinity, while inflammatory 
lesions and focal necrosis were more evenly distri- 
buted over the whole study area (Table 3).  

A seasonal comparison (late summer 1987 versus 
late winter 1988) revealed higher prevalences of most 
types of lesion, notably inflammatory lesions, focal 
necrosis and particularly regenerative foci, in flounder 
captured in Area S (spawning area) during late winter. 
The relatively high prevalence of foci of cellular altera- 
tion coincided with the high prevalences of liver neo- 
plasms observed during this period (Table 3) .  

There appeared to be a clear posltive correlation 
between the prevalence of foci of cellular alteration 
and age. There was a general but less clear trend of 
increasing prevalence with age  for hydropic vacuoli- 

2-5 mm 6-10 mm > 10 mm 
DIAMETER OF NODULE 

NEOPLASMS l 
FOCI OF CELLULAR 
ALTERATION 

OTHER LESION I 

zatlon of biliary epithelial cells, but the same did not 
apply to the other types of lesions (Fig. 17). Male and 
female flounder showed only minor differences in the 
prevalences of the various types of lesion. 

Using the index formulated (see 'Materials and 
methods: Histological techniques'), there appeared to 
be no relationship between the extent of hepatic 
storage vacuolization and the age  of the fish (Fig. 18). 
The spatial pattern of vacuolization (Fig. 19) did not 
correspond with that observed for foci of cellular 
alteration (Table 3).  However, there was a clear 
seasonal trend with reduced storage in late winter 
(Area S) as compared to late summer, indicating poor 
condition of the fish during or after spawning (Fig. 19). 

The density of MMCs, as evaluated by the index, 
was positively related to the age  of the fish (Fig. 20). 
The density of MMCs at  the different sampling sites is 
shown in Fig. 21. However, the values in this figure 

RELATIVE OCCURRENCE % 

2 3 4 5 6 4  
AGE IN YEARS 

Fig. 15. Platichthys flesus. Histological charactenzat~on of dif- Fig 16 Platichthys flesus. Diameter of liver nodules sub- 
ferent sizes of liver nodules observed during gross inspection sequently confirmed to be neoplasms, in relation to the age of 

(n = 210; see Table 2) the fish (n = 141; see Table 2) 
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Table 4. Platichthys flesus. Summary of findings of routine histopathology: number of normal livers and of livers showing 7 
&fferent types of lesion, with prevalence (%) in italics 

Season Site Number Within Hepato- Foci of Hydroplc Focal hepato- Inflam- Focal Regen- 
exam~ned normal cellular cellular vacuokahon cellular matory necrosls erative 

M t s  adenoma alteration of biliary epl- hypervacu- lesions foci 
thelial cells olization 

Late summer 1 
2 
3 
4 
5 
6 
7 
8 
9 

I Total 280 223 2 0.7 26 9.3 9 3.2 3 1.1 26 9.3 10 3.6 3 1.1 1 
I Late winter S 35 26 0 0.0 1 0 2 8 . 6  2 5.7 2 5.7 11 31.4  7 2 0 0  14 4U.U / I All sites + reasons 1-9+S 315 249 1 0.3 36 11.4 11 3.5 5 1.8  37 11.7 l7  5 .4  17 5 .4  

are not adjusted for age-related effects, such as differ- 
ences in growth rates among sampling sites. Com- 
parisons involving similar age groups revealed no 
clear spatial trends, but showed a clearly higher 
density of MMCs in late winter (Area S) than in 
late summer, again possibly associated with poor 
condition and spawning stress. In addition, the 
average size of the MMCs appeared to be smaller 
during late winter. 

Histological investigation showed that 66 out of 315 
livers lacking gross nodules (21 %) nevertheless bore 1 
or more lesions of the types listed in Table 4.  Many of 
these livers bore lesions of more than 1 type (Table 5) .  
There was a positive association between the following 
pairs of frequently occurring lesions: foci of cellular 
alteration and hydropic vacuolization of biliary epi- 
thelial cells; foci of cellular alteration and regenerative 
foci; inflammatory lesions and focal necrosis; focal 
necrosis and regenerative lesions (Table 5). 

FOCl OF CELLULAR ALTERATION 

] HYDROPIC VACLJOLIUTION OF BILIARY EPITHELIAL CELLS 

The estimated odds ratios (with 95% confidence 
intervals) for the effects of site and length group on the 
occurrence of foci of cellular alteration and inflam- 
matory lesions are given in Table 6. For both types of 
lesions, there were significant differences among sites, 
but 2-way interactions between site and length were 
not significant. Large flounder were more likely to have 
foci of cellular alteration than small ones, but the effect 
of length was not significant for inflammatory lesions. 

For foci of cellular alteration, estimated odds ratios 
were significantly greater than 1 at the coastal sites 
(Sites 6 and 7) and in the Wadden Sea (Site 8). Esti- 
mated odds ratios were greater than 1 (but not sig- 
nificantly) at all other coastal sites. The disease was 
absent from low-salinity sites (Sites 1, 2 and 9) 
(Table 6). Estimated odds ratios for inflammatory 
lesions were significantly greater than 1 at most coastal 
sites (Sites 3, 5 and 7 ) .  The estimated odds ratios for all 
other sites including those of low salinity were greater 
than (but not significantly) or equaled the value of 1 
(Table 6). 

INFLAMMATORY LESIONS - 100 C 
REGENERATIVE FOCl W 2 80 

W 
a 5 60 
0 

8 40 
W 
> 
F 20 
4 
W 

0 
2 3 4  5 6+ 

2 3 4 5 6 AGE IN YEARS 

Stage 3  

R Stage 2  

Stage 1 

AGE IN YEARS 
Fig 18. Platichthys flesus. Extent of hepatic storage vacuoli- 

Fig. 17. Platichthys flesus. Prevalence of frequently occurnng zation In relation to age of the fish (llvers without nodules, 
types of liver lesion in relation to age of the fish (livers wlthout total no examined = 315; see Table 1) See text for details of 

nodules, total no. examined = 315; see Table 3) lndex used to describe the extent of vacuolization 
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Fig. 19 Platichthys flesus. Extent of hepatic storage vacuoli- Fig. 21. Platlchthys flesus. Density of hepatic MMCS in flsh 
zation in fish from each sampling site (livers without nodules, fro" each sanlpling site (livers without nodules, total no. 

total no. examined = 315; see Table 1) examined = 315; see  Table 1); values are  not adjusted for the 
effect of age  

- 100 C cellular alteration was r = + 0.99; p < 0.001. For neo- 

p 80 
plastic nodules and inflammatory lesions the correla- 

LU 
Stage tion coefficient was r = +0.51; p = 0.15. 

5 60 D Stage 3 Taking into account all sampling sites, correlations 
0 
0 
0 40 stage2 between the occurrence of foci of cellular alteration 
U and levels of PCB-153, or for Cd in the liver were 
F 20 

U Stage 1 

4 El negative. Furthermore, no significant correlation 
W existed between the occurrence of this lesion type and 

2 3 4  5 61 the concentrations of PCB-153, PAHs [sum of benz(b)- 
AGE IN YEARS 

fluoranthene, benz(k)fluoranthene and benz(a)pyrene], 
Fig. 20. Platichthys flesus. Density of hepatic MMCs in re- Cd or Pb in the sediment. The corresponding tor- 
lation to age  of the fish (livers without nodules, total no relations for inflammatory lesions were also non- 
examined = 315; see Table 1); see text for details of index used 

to describe MMC occurrence significant, with the exception of liver Cd concen- 
tration (r = -0.824; p < 0.01). 

The prevalence of foci of cellular alteration (Table 6) 
corresponded very well to the pattern of occurrence of DISCUSSION 
neoplastic nodules in the same fish populations (Vet- 
haak & Jol 1996; Fig. l ) ,  but not to that of inflammatory The occurrence of neoplastic and putative preneo- 
lesions (Table 6). Using (log) disease odds, the cor- plastic liver lesions in fish populations has received 
relation coefficients between the prevalence of these much attention of late. The development of these 
neoplastic nodules and the prevalence of foci of lesions is slow but the end products (tumours) are 

Table 5. Platichthys fiesus. Contingency table showing association between frequently occurring types of lesions (FCA = foci of 
cellular alteration; HVB = hydropic vacuolization of biliary epithelia1 cells, INF = inflammatory lesions; FNE = focal necrosis; 
RGF = regenerative foci) Cells on the lower left show numbers of livers with different combinations of 2 diseases (+ = diseased 
fish, - = apparently non-diseased fish). Cells on the upper right show associated probabilities denved from Yates' corrected 

chi-squared test 

FCA+ FCA- HVB+ HVB- INF+ INF- FNE+ FNE- RGF+ RGF- 

FCA+ 
FCA- 

HVB+ 
HVB- 

INF+ 
INF- 

FNE+ 
FNE- 

RGF+ 
RGF- 

36 - 

- 279 

5 6 
3 1 273 

5 3 2 
3 1 24 7 

3 14 
3 3 265 

7 10 
29 269 

p = 0.002 

11 - 

- 304 

3 34 
8 270 

1 16 
10 288 

1 16 
10 288 

p = 0.881 

p = 0.250 

3 7 - 

- 278 

7 10 
3 0 266 

5 12 
3 2 266 

p = 0.662 

p = 1.0 

p = 0.001 

17 - 

- 298 

5 12 
12 286 

l 
p = 0.001 

p =  1.0 

p = 0.053 

p = 0.001 

17 - 

- 298 
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Table 6. Platichthys fles~ls. Estimated odds ratios (with 95% 
confidence intervals] for effects of site and length on the 
occurrence of f o c ~  of cellular alteration (FCA) and ~nflam- 
matory lesions (INF), adjusted for the effects of length and 

site respectively 

I Effect Relative to FCA INF I 
Site 1 
Site 2 
Site 3 
Site 5 
Site 6 
Site 7 
Site 8 
Site 9 

Large 

Site 4 
Site 4 
Site 4 
Site 4 
Site 4 
Site 4 
Site 4 
Site 4 

Small 

irreversible, therefore they are potentially suitable for 
monitoring long-term cumulative effects of environ- 
mental disturbance, especially pollution. 

Recently, several European researchers have de- 
scribed the occurrence of hepatocellular abnormalities in 
2 species of flatfish, dab Limanda l imanda and flounder, 
and have discussed the possible association between 
these changes and the presence of chemical conta- 
minants in the North Sea (Bucke K Watermann 1988, 
Kohler 1989, Moore 1992, Vethaak 1992b, Vethaak & ap 
Rheinallt 1992, Vethaak et al. 1992, Bucke & Feist 1993). 
Similar liver abnormalities have been described in other 
flatfish species from polluted North American waters, 
and convincing evidence has been provided to implicate 
PAHs as an important causal agent (Malins et al. 1988, 
Vogelbein et al. 1990, Myers et al. 1991, 1994). 

However, Vethaak & Jol (1996) found that the spatial 
pattern of liver nodules corresponding to neoplasms did 
not suggest a straightforward relationship with pollution. 
This conclusion is not affected by the results of the more 
detailed histopathological analysis reported here: the 
spatial and seasonal pattern of putative preneoplastic 
lesions was similar to that of grossly visible nodules and 
of histologically confirmed neoplasms. Prevalences of 
putative preneoplastic lesions were highest in coastal 
waters (Sites 3, 5.  6 and ?), lower at the reference site 
(Site 4) and in the Wadden Sea (Site a), and virtually nil 
at the estuarine sites (Sites 1, 2 and 9) .  

The correspondence between foci of cellular altera- 
tion and tumours, in terms of spatial trends and of age- 
related variation in prevalence, supports the possibility 
of a progression from the former towards the latter 
(Hinton 1989, Myers et al. 1991, Schiewe et al. 1991). 

The spatial distribution of hydropic vacuolization of 
biliary epithelial cells showed similarities to the dis- 
tribution of neoplasms, while there was also an asso- 
ciation, in individual fish, with the occurrence of foci of 
cellular alteration. Similar lesions have recently been 
reported to occur in biliary epithelial cells or hepato- 

cytes of winter flounder (Bodammer & Murchelano 
1990) and white perch Morone americana (Camus & 
Wolke 1991) from North American waters. These 
authors, who suggested a relationship with environ- 
mental degradation for these lesions, considered the 
cells to be hepatocytes, although in our material the 
condition seemed to be limited to bile duct epithelium, 
as was reported and discussed by Moore et al. (1989) 
for winter flounder and Stehr et al. (1991) for rock 
sole Lepidopsetta bilineata and starry flounder Platich- 
thys  stellatus. Several authors have documented the as- 
sociation of this lesion with contaminant exposure in 
several species (Johnson et al. 1993, Myers et al. 1994), 
and it is generally considered a convenient histological 
biomarker of contaminant exposure. Although we did 
find focal hypervacuoiated nepaiocyies which were r~o i  
associated with the bile ducts, they showed different 
characteristics (Table 2) from the bile duct lesion, and 
were therefore classified separately. 

The spatial distribution of MMCs and hepatic 
storage products did not suggest any link with pollu- 
tion, but the presence of seasonal variation indicated a 
relationship with nutritional condition. 

It was not possible to simultaneously account for fish 
age or sex in the analysis of lesion odds versus 
contaminant parameters in liver and sediment due to 
insufficient numbers of diseased fish. Instead length 
was taken as a measure of age and the sex was 
ignored. Although the absence of liver neoplasms in 
flounder from highly contaminated freshwater and 
brackish-water sites (especially Sites 1 and 2) may be 
partially explained by the fact that these polluted sites 
are inhabited predominantly by young fish (2 to 3 yr 
old), the absence of putative preneoplastic lesions and 
hydropic vacuolization of biliary epithelial cells in 
livers from the same sites indicates that factors other 
than pollutants may be involved in the development of 
these diseases. It is clear from this study that the 
migratory behaviour of the flounder should be 
explicitly taken into account in any assessment of 
pollutants. Detrimental toxic or carcinogenic effects 
produced by exposure at any stage during the life of 
the individual as well as other environmental and host- 
related factors should be considered. 

In classical human diagnostic pathology, much effort 
is given to the classification of neoplastic changes. This 
classification reflects the biological behaviour of the 
lesions, in particular their potential lethality through 
invasion and metastasis. However, very little is known 
about the biological behaviour of neoplasms in wild 
fish, and about the subsequent fate of the fish. Never- 
theless, in common with other authors we have used 
the terms adenoma and carcinoma in this study, based 
on the histological and cytological appearance of the 
observed lesions. 
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The characteristics of these lesions and their pre- 
sumed precursors in flounder correspond fairly well to 
those recorded in American flatfish species [Myers et 
al. 1987, Malins et al. 1988, Moore et al. 1989, Murche- 
lano & Wolke 1991), and form a continuum ranging 
from foci of cellular alteration to hepatocellular ade- 
norna and occasionally h.epatocellular carcinoma 

However, nuclear pleomorphism and megalocytic 
hepatosis, as described by Myers et a1 (1987) in 
English sole, were not observed; these toxicopathic 
lesions may be species-specific or short-lived. Also, we 
did not include hepatic steatosis as a distinct category 
since it is difficult to distinguish this from clear-cell foci 
(or areas), and its degenerative nature is difficult to 
establish, as is the hyperplastic nature of the foci. 

Some livers showed symptoms suggestive of wide- 
spread single-cell degeneration and possibly apoptosis, 
as occasionally reported in the literature (Kohler 1989). 
However, we did not consider the paraffin-embedded 
field samples suitable for a decisive diagnosis of such 
subtle change. 

Another interesting finding was the occurrence of 
cytoplasmic fibrils oriented as parallel or converging 
basophilic stacks. Using light microscopy, the resulting 
structures resembled the fibrillar hepatocytes de- 
scribed by Stehr et al. (1988) in hepatocellular car- 
cinomas of English sole. A similar finding was reported 
by Kohler (1989) in non-tumourous liver in European 
flounder. These authors identified the fibrils as dilated 
rough endoplasmic reticulum (RER) containing micro- 
filamentous material. Unlike Stehr et al. (1988), h o w  
ever, we found these structures exclusively in non- 
tumorous cells, even in the case of one llver which 
contained a carcinoma. 

The prevalence data in Table 3 show that in a wide- 
ranging epizootiological study, gross lesions can be 
used as reliable indicators of histological changes. 
Recording distinct nodules, with a diameter exceeding 
2 mm, ensures that the majority of neoplasn~s are 
detected. Nevertheless, some neoplasms are missed by 
this approach (Table 3),  resulting in an underestimate 
of true prevalence. In fact, even routine histopatho- 
logical investigation of unaffected livers as in the 
present study does not guarantee that all cases of 
neoplasms are detected, because only a single section 
per liver is routinely examined. 

Table 3 shows that 1 .4% of all fish examined had 
nodules but only I % of them had confirmed neoplasms. 
Clearly, histological confirmation of observed nodules 
is very important, since a proportion of nodules (33 % in 
the present study) are not neoplasms. In the case of 
older fish (aged 6+ yr), however, the occurrence of large 
nodules (diameter > 10 mm) appears to be an accurate 
useful predictor of neoplasms by itself (Fig. 15), even 
without histological confirmation. 

Though useful In the detection of additional cases of 
neoplasms, routine histology is particular'ly advisable 
as a method of detecting preneoplastic and other 
associated lesions which may occur at higher pre- 
valence~ and in younger fish than do neoplasms. 

CONCLUSIONS 

This study demonstrates that a wide-ranging epi- 
zootiological survey, relying largely on recording gross 
liver anomalies, is a cost-effective method of collecting 
data on the occurrence of liver neoplasms in flounder. 
However, reasonable accuracy in the diagnosis of neo- 
plasms can only be ensured by histological analysis. 

Detailed histological investigation of flounder livers 
revealed a large array of lesions, of which foci of 
cellular alteration (putative preneoplastic lesions) and 
hydropic vacuolization of biliary epithelial cells were 
the most significant. 

The spatial and seasonal patterns of occurrence of 
putative preneoplastic lesions recorded during routine 
histological investigation of apparently healthy livers 
showed a good correspondence with the patterns of 
occurrence of grossly detected liver neoplasms. How- 
ever, the histological investigation did not provide 
further insights into the nature of any possible rela- 
tionship with pollution. Livers of flounder sampled in 
highly contaminated freshwater and brackish-water 
sites did not show any signs of neoplasia, indicating 
that factors other than pollutants may be involved in 
the complex process of hepatocarcinogenesis. 

The only other type of lesion showing a similar 
spatial patterns to neoplastic and putative preneo- 
plastic lesions was hydropic vacuolization of biliary 
ep~thelial cells. 

The findings indicate that the occurrence of liver 
neoplasms in flounder could well provide a suitable 
tool for monitoring exposure to potential carcinogens. 
However, the use of these lesions in pollution 
rnonltoring studies will require further research into 
the migratory behaviour of the indicator species. 
Because of the long latency period associated with 
tumour development and the low observed pre- 
valence~,  there is a need to identify, and to utilize 
wherever possible, histological markers that precede 
tumour formation and occur at higher prevalences. 
Good candidates, as indicated by this study, are foci 
of cellular alteration and hydropic vacuolization of 
biliary epithelial cells. Finally, experimental studies 
are needed to investigate the chemical agents 
responsible for the onset of these early lesions and 
their progression into neoplasms, and to evaluate the 
contribution of other environmental and host-related 
factors. 
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