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ABSTRACT: Atlantic cod bear ing  pseudobranch ia l  tumours were inves t iga ted  from both  North Sea 
and  Baltic Sea areas. Light and  electron microscopic studies revealed  a tumorous structure pre- 
viously descr ibed in cod from Atlantic and  Pacific waters. Additionally,  cysts, mul t inuclea ted  cells 
and  early stages of mitosis are descr ibed.These f indings support  the hypothesis  that  pseudobranc-  
h ia l  tumours  are ins t igated by a protozoan infection causing xenotumours  associated with the  
pseudobranch  organ. The cells conta ined in these  lesions showed similarit ies to amoebae.  

I N T R O D U C T I O N  

T h e r e  is a p a u c i t y  of r e p o r t s  of p s e u d o b r a n c h i a l  t u m o u r s  i n  A t l a n t i c  cod.  O v e r a l l ,  i t  

is  s t i l l  u n c l e a r  w h e t h e r  t h e s e  t u m o u r s  a r e  n e o p l a s t i c  ce l l s  r e s e m b l i n g  o t h e r  e n d o c r i n e  

t u m o u r s ,  or v i r a l l y  t r a n s f o r m e d  ce l l s  or  x e n o m a s  p r o d u c e d  b y  t h e  i n v a s i o n  of u n i c e l l u l a r  

o r g a n i s m s .  P e y r o n  & T h o m a s  (1929) d e s c r i b e d  t w o  c a s e s  of t h i s  c o n d i t i o n  i n  cod  f rom t h e  

F r e n c h  c o a s t  a n d  c o n c l u d e d  a n a l o g i e s  to  e n d o c r i n e  t u m o u r s  i n  m a m m a l s .  L a n g e  (1973) 

a n d  L a n g e  & J o h a n n e s s e n  (1977) i n v e s t i g a t e d  s e v e r a l  c a s e s  f r o m  N o r w e g i a n  w a t e r s ,  a n d  

c a l l e d  t h e  t u m o u r s  c h e m o d e c t o m a .  M o r r i s o n  e t  al. (1979) f o u n d  a n  i n f e c t i o n  r a t e  of 1.1 To 

i n  cod  f r o m  A t l a n t i c  w a t e r s  n e a r  t h e  S c o t i a n  B a n k s  b u t  m a d e  n o  c o n c l u s i o n  a b o u t  t h e  

c h a r a c t e r  of t h e  l e s ion .  E g i d i u s  e t  al.  (1981) r e p o r t e d  p s e u d o b r a n c h i a l  t u m o u r s  f rom t h e  

B a r e n t s  S e a  w i t h  t h e  s a m e  h i s t o p a t h o l o g i c a l  f e a t u r e s  d e s c r i b e d  i n  d e t a i l  b y  L a n g e  & 

J o h a n n e s s e n  (1977). T h i s  r e p o r t  p r e s e n t s  h i s t o l o g i c a l  d e s c r i p t i o n s  of p s e u d o b r a n c h i a l  

t u m o u r s  i n  cod.  

M A T E R I A L  A N D  M E T H O D S  

C o d  w e r e  s a m p l e d  f rom t h e  N o r t h  S e a  d u r i n g  c r u i s e s  w i t h  R V  " A n t o n  D o h r n "  i n  

J a n u a r y  a n d  J u l y  1979, J a n u a r y ,  F e b r u a r y  a n d  J u n e  1980 a n d  J a n u a r y ,  M a y  a n d  J u n e  

1981. S a m p l i n g  s t a t i o n s  w e r e  d i s t r i b u t e d  o v e r  a w i d e  a r e a  of t h e  G e r m a n  B i g h t  i n c l u d -  

i n g  t h e  d u m p i n g  s i t e s  of s e w a g e  s l u d g e  a n d  w a s t e s  f r o m  T iO  2 p r o d u c t i o n .  In  a d d i t i o n ,  

s a m p l e s  w e r e  c o l l e c t e d  i n  D u t c h  c o a s t a l  a r e a s  a n d  o n  t h e  D o g g e r  B a n k .  S a m p l e s  f rom 

t h e  w e s t e r n  Ba l t i c  S e a  w e r e  o b t a i n e d  i n  O c t o b e r  1980 f r o m  a c r u i s e  of RV " S o l e a " .  
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For l ight microscopy, the tumours were  fixed in 10 % buffered formal in  and embed-  

ded in paraffin wax  and sections cut at 6 ~m. For electron microscopy, mater ia l  was f ixed 

in 6 % phosphate  buffered g lu ta ra ldehyde  and e m b e d d e d  in Epon. The  paraffin sections 
were  s tained with eosin and haematoxyl in  using He idenhe in ' s  azan  method.  Semi- th in  

Epon sections (1-2 ~m) were  s ta ined with  toluidine-blue,  and ul t ra thin sections for 

e lectron microscopy were  s ta ined with lead citrate, uranyl acetate  and phosphotungst ic  

acid. 

RESULTS 

Cod with pseudobranch ia l  tumours were  genera l ly  in good condi t ion apart  from the 

smallest  fish in each  year  class, where  a small  number  of fish were  emacia ted.  Internal  
organs showed no abnormal i t ies  wi th  the except ion of one 80 m long cod, which 

r evea led  comple te  gonada l  atrophy. 
The tumours were  main ly  associated with  the pseudobranch  organ, occurr ing both 

bi la tera l ly  and symmetr ica l ly  (Pig. 1) and seldom uni la tera l ly  (Fig. 2). Addit ional ly,  

Fig. 1 Fig. 2 

Fig. 1. Early bilateral stage of pseudobranchial fumour with reddish to yellow appearance. Arrows 
indicating the lesions. Half the natural size 

Fig, 2. Unilateral large tumour with yellow to whitish appearance. Arrow indicating the lesion. Half 
the natural size 
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about  50 % of the affected cod showed tumorous growth on the dorsolateral edge of the 
operculum, equal ly  occurring un i  - or bilaterally.  Single  tumours  could be found in 
several  regions on the head, for example  around the nose, unde r  the denta l  plate 
at tached to the i nne r  side of the operculum, and numerous  small  tumours, each about  
i mm 3, were  found along the gill  arches, a t tached to the lameltae.  

Most of the lesions were covered with normal  epidermis.  But those tumours associ- 
ated with the pseudobranch  organ, the convoluted rud imenta ry  gill f i laments and  the 
gill capsule  were  partly destroyed. The pseudobranch  cells appeared  swollen, separat- 
ing from the gill lameltae.  

Early tumour  stages appeared in  the pseudobranch  organ as sl ight swellings,  which 
were often reddish or dark red (Fig. 1) with a smooth consistency and a t endency  to 
liquifaction. This latter characteristic was typical of pseudobranch ia l  turnouts in  Baltic 
Sea cod. 

The general  microscopical appearance  of the turnouts was characterized by the 
presence  of "X-cells". These were large cells with pale  nucle i  and  prominent  nucleoli .  
On the per iphery or be tween  the fibrous septae, the cytoplasm of the "X-cells" was 
dense ly  granular ,  whereas  "X-cells" in  the central  parts of the tumours and near  the 
fibrous septae had  cytoplasm which was clear and  highly vacuolated.  Peripherally 
placed "X-cells" were surrounded by slim "envelope-cel ls" ;  however, many  of the 
central ly located cells appeared  to be floating in the interst i t ial  fluid, d isplaying 
amoeboid  shapes. "X-cells" from Baltic Sea cod showed stages of degradation,  and  

Fig. 3. Cysts in the pseudobranch organ subdivided in several compartments or with nuclei in a 
sphere arrangement, cc = Subdivided cysts, cs ~ cyst with nuclei in a sphere arrangement, A = 

10 gm, Azan stained 
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w h e n  the tumours were  incised, the cells l e aked  l eav ing  only the fibrous septae  behind.  

The  ul tra-structure of the "X-cel ls"  r evea led  f inely dispersed chromat in  dis tr ibuted 

even ly  throughout  the nucleus,  plus a prominent  nucleolus.  The cytoplasm conta ined 

numerous  m e m b r a n e - b o u n d  granules,  which corresponded to the granules  seen  in l ight  
microscopy. Mitochondr ia  appea red  tubular  and poorly deve loped .  

Cysts and multinucleated stages 

Slight  swel l ings  near  the pseudobranch  organ showed  features differ ing from those 

of typical pseudobranch ia l  tumours. The difference consisted in the occurrence  of cysts 

and mul t inuc lea ted  ceils s i tuated on the per iphery  of the lesions. The  only similari ty 

with the regular  pseudobranch ia l  tumours was the p resence  of "X-cel ls"  in the central  
areas. 

Fig. 4. Ultrastructure of cyst, subdivided in compartments~ The thick outer wall is nearly dissolved 
at the periphery, c = cyst wall, n = nucleus, g = dense granules, A = t0 ~m 
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These small  lesions showed only slight macroscopical changes  of the pseudobranch  
organ, perhaps  a slightly pale  colouration. It was in  these lesions that the convoluted gill 
f i laments  were  part ly destroyed and  replaced by numerous  cysts. Each cyst conta ined  up 
to 40 nucle i  (Fig. 3). On the per iphery  of the tumours  the cysts r emained  intact, whereas  
in  the centre, m a n y  of the cyst walls  were disrupted, re leas ing masses of free floating 
cells, and  clusters of various blood cell types were scattered ali around. Intact cysts were 
invar iab ly  subdiv ided  into 2, 4 or 6 compartments,  both symmetr ical  and  asymmetrical .  
Sometimes the nucle i  of the cysts were  ar ranged in  a s ingle  layer forming a sphere filled 
with cytoplasm (Fig. 3).The nucle i  of the cells were pate, each with a dark s ta in ing  
nucleolus.  Released cells were ei ther  uni -  or mul t inuc lea ted  with up to 8 nuclei .  They 
had a l ight cytoplasmic rim enclos ing a pale  nucleus  with a small  distinct nucleolus.  

The ultrastructure of the cysts was enclosed by a thick outer wall  consist ing of 
approximately ten layers, which were wel l  differentiated with the PTA stain and most 
l ikely of mucopolysaccharide content.  Where the cysts were divided into compartments  
the outer layers had dis integrated and  the cytoplasm appeared  amorphous, conta in ing  
no cell organel les  apart  from a few m e m b r a n e - b o u n d  electron dense granules  (Fig. 4). 

Similar cysts to those described were found in  inf lammatory lesions on the caudal  
pedunc le  over the lateral line. These lesions appeared  as slight reddish swell ings 
covered by a normal  epidermis;  less frequently,  an ulcer was present.  

,.. ~ , . ~  . . . . . >  . ~ . . . .  

Fig. 5. Cys t s  at  t h e  c a u d a l  p e d u n c l e  in  t h e  i n f l a m m a t o r y  connec t i ve  t i s sue ,  c = cysts ,  A -- 10 ~tm, 
h a e m a t o x y l i n - e o s i n  s t a i n e d  
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The inf lammat ion  infi l trated tissues as far as the bone.  Cysts occurr ing ind iv idua l ly  
or in  clusters were scattered throughout  these in f lammed areas. Many  of these cysts had 
disrupted outer walls  and  were empty. Mul t inuclea ted  and  un i -nuc l ea t ed  ceils from the 
cysts were interspersed a n d  sometimes surrounded by fibroblasts, forming granulomas.  
A typical tumorous structure as seen in  the pseudobranchia l  turnouts was absent  
(Fig. 5). 

Mult inucleated stages and tumorous growth 

A further stage of the pseudobranchia l  turnouts involved a swel l ing  sur rounding  the 
pseudobranch  organ associated with massive inf lammation.  The over laying epidermis 
appeared  spongiotic, infi l t rated with blood cells, and  in  some areas there was evidence  
of necrosis. This stage of tumour  was characterized by the presence  of disrupted cysts 
and  masses of mul t inuc lea ted  cells located just a long the inne r  side of the fibrous 
capsule sur rounding  the pseudobranch  organ. From the per iphery  to the centre of the 
tumour  the n u m b e r  of nucle i  in  each cell decreased to the typical  un i -nuc l ea t ed  "X-cell" 
type (Fig. 6). The mut t inuc lea ted  cells were main ly  surrounded by fibroblasts and  rarely 
f loating freely in  interst i t ial  fluid. In some areas, un i -nuc l ea t ed  celts not enclosed in 
envelope-cel ls  were destroyed by phagocytic action (Fig. 7). Central  areas showed a 
tumorous a r r angemen t  s i tuated a long fibrous septae ex tend ing  from the per iphery 
inwards.  

Fig. 6. Mulfinucleated cells along the inner side of the fibrous capsule sm'rounding the pseudo- 
branch organ. Cells with decreasing number of nuclei down to uni-nucleated "'X-cells". Arrows 
indicating multinucleated "X-cells", f = fibrous capsule, A = lO ~m, haematoxylin-eosin stained 
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Fig. 7. Freely f loat ing "X-cel ls"  wi thout  envelope-cel ls ,  des t royed by  phagocyt ic  activities, x = "X- 
ceils", p = phagocy tes  indica ted  by  arrows, A = 10 Fun, to luidine  blue  s ta ined 
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Fig. 8. Mul t inuc lea ted  "X-cell"  wi th  invag ina t ions  of the outer  m e m b r a n e ,  circular endop lasmat ic  
re t i cu lum and  three  nuclei,  n = nucleus ,  er = endoplasmat ic  ret iculum, i = invaginat ions ,  A = 

1 ~m 
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Fig. 9. M u l t i n u c l e a t e d ,  f r ee ly  f loa t ing  "X-ce l l "  w i t h  t h r ee  n u c l e i  a n d  a l e s s  d i f f e r e n t i a t e d  cyto- 
p l a sm,  n = nuc leus ,  ey = cy top lasm,  A = 1 ,~tm 

Fig. i0 .  U n i - n u c l e a t e d  "X-ce l t "  w i t h  dense ,  g r a n u l a t e d  cy top lasm,  p a l e  n u c l e u s  a n d  a p r o m i n e n t  
nuc leo lus ,  n = nuc l eus ,  In = mi tochondr i a ,  g = m e m b r a n e - b o u n d  d e n s e  g r a n u l e s ,  A = 1 ~m 
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Ultrastructural  examina t ion  showed  multi-  and un i -nuc lea ted  ceils to be  coated with  

a thick outer m e m b r a n e  in terspersed  with  invaginat ions.  The cytoplasm was fi l led with 

masses of rough endoplasmat ic  re t icu lum somet imes  in circles. Mi tochondr ia  were  
poorly developed .  The nuclei  showed f inely dispersed chromat in  and distinct nucleol i  

with eccentr ic  pale  areas (Fig. 8). The  freely f loat ing forms had f requent ly  a less 
di f ferent ia ted cytoplasm (Fig. 9). 

T u m o u r s  

Masses  of p redominan t ly  un i -nuc lea ted  "X-cel ts"  were  separa ted  by fibrous septae  
into severa l  compar tments  with blood vessels  in para l le l  and branched  patterns. "X- 

cel ls"  located near  these  capi l lar ies  showed  pate  cytoplasm with  few granules ,  whi le  

those further away from the capi l lar ies  showed dark, dense ly  granula ted cytoplasm 
enclos ing  a la rge  pale  nucleus  wi th  a distinct nucleolus  (Fig. 10). Necrot ic  forms of "X- 

cei ls" wi th  h igh ly  vacuola ted  or foamy cytoplasm were  common in central  areas. Double  
nuc lea ted  "X-ce l l s"  and mitotic f igures near  fibrous septae  occurred in several  tumours 

especia l ly  in the small  tnmours on gill  f i laments  (Fig, 11). 
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Fig. 11. Uni-nucleated "X-cell" in a tumour with dense, granulated cytoplasm and an elongated 
nucleus with condensed chromatin, possibly in prophase, n ~=~ ouc]eus, g = membrane-bound 

dense granules, A = 1 ~m 
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DISCUSSION 

The invest igated tumours  in  Atlant ic  cod (Gadus morhu8) from the North Sea and  
the Baltic Sea are ident ical  to those earlier described for the Atlantic (Peyron & Thomas, 
1929; Lange, 1973; Lange & Johannessen,  1977; Morrison et al., 1979; Egidius et al., 
1981) as wel l  as for the Pacific (Alpers et al., 1977; Stich et al., 1976; McCain  et al. 1976 
1979; Well ings  et al., 1977; Dawe, 1981). Most of these publ ica t ions  concentrate  on the 
descript ion of the common "X-cell" stage in  pseudobranchia l  tumours.  Besides this 
stage only Alpers et al. (1977} and  Dawe (1981) descr ibed mul t inuc lea ted  cells as wel l  as 
mitotic activities. As our inves t igat ion shows, these stages seem to be  very impor tant  for 
c lear ing up the real  character  and  origin of "X-cells". The occurrence of cysts in  the 
in f lammed lesions associated with the pseudobranch organ and  on the caudal  peduncle ,  
the mul t inuc lea ted  cells su r rounding  the early swel l ings  of pseudobranch  and  the 
cont inuous  transi t ion from these early lesions to the well  know n  tumorous structure with 
the un i -nuc lea ted  "X-cells",  lead to the hypothesis that all  these different cell types are 
successive stages of an  infective agent.  This infective agen t  seems to be of protozoan 
or igin and  the earl ier  descr ibed typical "X-cells" seem to be a special  stage in the life 
cycle of this organism. 

From our observat ions of the different stages, infect ion could occur as follows: an  
un iden t i f i ed  infectious agent  enters the host as a freely f loating form of parasite via the 
epidermis,  gills, lateral  l ine  or nose cavity. Possfbly, because  the organism has a high 
oxygen demand,  it starts to develop and mult iply in  the pseudobranch  organ, thus 
l ead ing  to the first vis ible  lesion. The mature cysts undergo  division and  release uni -  or 
mul t inuc lea ted  cells. These latter cells divide to form un i -nuc lea r  cells, thus increas ing 
the volume of "X-cells" tenfold. 

These "X-cells" show active mitosis and lead to tumorous growths around the 
pseudobranch  organ or other infect ion sites. The early inf lammatory react ion disappears  
when  the tumorous structure has b e e n  formed. Possibly, the protozoa prevent  phagocy- 
tosis by  induc ing  extensive envelope-cel l  formation around themselves.  Simultaneously,  
the host develops a fibrous network, subdiv id ing  masses of tumorous growth. This 
protective state may lead to a s talemate be tween  the infectious agent  and  the host. A low 
level  of nutr i t ion may sustain the parasite at a d imin i sh ing  rate, indica ted  by the 
degraded  appearance  of the majori ty of "X-cells". 

Cont inu ing  this hypothesis,  we suggest  that the infective agent  possibly uses the cod 
as a host for mul t ip l ica t ion and propagation;  it is unclear ,  however,  in  which way it 
enters  and  leaves the host. 

There have b e e n  reports of "X-cells" occurring in  lesions of several  fish species, 
especial ly  in  Pacific flatfish papi l lomas (Wellings et al., 1965). The cells are suspected of 
b e i n g  ei ther  of protozoan or igin or of be ing  transformed fish cells (Well ings et al., 1977; 
Peters et al., 1978, 1981 and  Dawe, 1981). However, in  contrast to the pseudobranchia l  
turnouts in  cod, cysts and  mul t inuc lea ted  cells have never  b e e n  seen. Moreover, 
invest igat ions  us ing  autoradiographic  techniques  to demonstra te  mitotic activities have 
y ie lded  negat ive  results (Weltings et al., 1976; Kranz et al., 1980). It would  seem that the 
"X-cells" in  Pacific flatfish papi l lomas are possibly not  ident ical  with those in  pseudo-  
b ranch ia l  tumours. 

The only "X-cel l"- l ike  forms discovered in  Atlantic waters, bes ides  those in  gadids, 
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w e r e  f o u n d  i n  d a b  (L imanda  l imanda]  w h e r e  t h e y  c a u s e  a n  i n f l a m m a t o r y  l e s i o n  i n  t h e  

s u b c u t a n e o u s  t i s s u e  ( W a t e r m a n n ,  1982).  A p a r t  f r o m  s o m e  s i m i l a r i t i e s  of ce l l  t ype ,  i t  is  

n o w  u n c l e a r  w h e t h e r  t h e  ce l l s  i n  t h e  d a b  c o n d i t i o n  a r e  i d e n t i c a l  or  e v e n  r e l a t e d  to  t h o s e  

i n  t h e  cod.  

I n  con t r a s t ,  t h e  " X - c e l l s "  i n  c o d  s h o w  s i g n i f i c a n t  e v i d e n c e  of p r o t o z o a n  o r i g i n  a n d  

t h e  t u m o u r  f o r m a t i o n s  a r e  p s e u d o t u m o u r s .  It s e e m s  m o r e  t h a n  u n l i k e l y  t h a t  e n d o c r i n e  

t u m o u r s  ( E g i d i u s  e t  al., 1981) or  v i r a l l y  t r a n s f o r m e d  f i sh  ce l l s  (Pe te r s  e t  al., 1981) c o u l d  

s h o w  t h e  d i f f e r e n t  ce l l  s t a g e s  a s  d e s c r i b e d  a b o v e .  F u r t h e r m o r e ,  t h e r e  a r e  s e v e r a l  

s i m i l a r i t i e s  o n  t h e  ce l l  l e v e l  w i t h  p r o t o z o a  a n d  e s p e c i a l I y  w i t h  s o m e  a m o e b a e .  C i r c u l a r  

p a t t e r n s  of e n d o p l a s m a t i c  r e t i c u l u m  o c c u r  f r e q u e n t l y  i n  a m o e b a e  as  d e s c r i b e d  b y  M i l l e r  

e t  al .  (1961). T h e  d e e p  i n v a g i n a t i o n s  a r e  a l so  w e l l  k n o w n  i n  a m o e b a  w h e r e  t h e y  s e r v e  for  

p i n o c y t o s i s  ( B r a n d t  & P a p p a s ,  1960).  

D a w e  (1981) s u g g e s t e d  t h a t  t h e  p a r a s i t e s  h a v e  a s t r i k i n g  s i m i l a r i t y  w i t h  t h e  H a r t -  

m a n n e l i d a e  Dobe l l i na  m e s n i l i  as d e s c r i b e d  b y  B i s h o p  & T a t e  (1939). O u r  o b s e r v a t i o n s  

d i f fe r  b e c a u s e  of t h e  p r e s e n c e  of cysts ,  w h i c h  s h o w  c y t o p l a s m  d i v i s i o n  as  d e s c r i b e d  for  

S c h i z a m o e b a  s a l m o n i s  b y  D a v i s  (1926). S e v e r a l  s t a g e s  i n  t h e  l i fe  cyc le  of t h i s  a m o e b a  

h a v e  s t r i k i n g  s i m i l a r i t i e s  w i t h  t h e  " X - c e l l s "  i n  p s e u d o b r a n c h i a l  t u m o u r s .  Bu t  t h e r e  is 

o n l y  l i t t l e  i n f o r m a t i o n  a b o u t  t h i s  a m o e b a ,  a n d  i ts  t a x o n o m i c  s t a t u s  is s t i l l  u n c l e a r  ( N o b l e  

& N o b l e ,  1966). 
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