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SUMMARY

The potential utility of monitoring neoplasia in fishes and their
associated oncogenic viruses as sentinel animals for the early detection of
waterborne factors which have the abi]ity to induce oncogenic virus expression
was explored, The occurrence, epizootiology, pathology, and etiology of the
following tumours in Great Lakes fishes wes investigated, with particular ref-
‘erence to polluted and non-polluted waters

Field epizootiological studies were conducted on white suckers in
_Lake Ontario. Specimens were collected at varying distances from Burlington
Harbour in which increased skin_tumours (papillomas) were found in last year's'
investigations. These studies revea1ed elevation of the frequency of tumours
(i.e., 60% of nine-year-old suckers) in the Bur]ington-Oakva]e region. The
tumonr frequency was found to decline in specimen co]]ections.made at varying
.distances in both directions trom this region.” These findings suggest that
extrinsic environmental factors in these waters‘and/or bottom sediments are
Contributing to the elevated tumour frequencies. The presence of C-type virus
was reconfirmed in electron microcopic studies and the viral enzyme (reverse
transcriptase) was discovered to be associated with the tumours. Skin tumours
(papillomas) in Lake Ontario brown bullheads were also found to exhibit
"clustering" in Bur]ington Harbour.

Investigations of the etiology and pathogenesis of thyroid hyper-
plasia (goiter) in Lake Ontario coho salmon revealed that the condition develops
rapidly during the anadromus migration of sexually mature fish. The disease is
characterized by severe hypothyroidism as evidenced by low levels of thyroid
hormone, thyrotroph proliferation, and hyperplastic thyroid follicles. Come

parative studies with Lake Ontario coho salmon exhibiting the disease last



. year énd with those in Lake Michigan strongly suggest that extrinsic environ-
mental factors are involved in the etiology of the disease. Inasmuch as hypo-
thyrdidism has been associated with neoplasia and reproductiVe failure, the
e]Ucidatidn of the etiology of the disease is oné of the urgent concern.

A skin tumour which had Herpes virus associated with it was dis-
covered in carp. The disease is infectious; normal carp held in the same tank
as tumour-bearing fish develop the tumour. Inasmuch as Herpes viruses are
prime candidates as etiological agents in human malignancy, the etiologic
significance of the Virus should be confirmed. |

Field epizbotid]ogica] studies of the Sertoli cell gonadal tumour in
carp, goldfish, and go]dfish x carp hybrids reconfirmed the presence of epi-
zootics of the tumour in a variety of regiohs on the Great Lakes. The tuhour
was found in high frequencies in a relatively non-polluted area on Lake Huron.
. The widespread geographical distribution of the tumour within the Great Lakes,
coupled with the absence of the disease in museum specimens collected before
1952, suggest that an ubiquitous environmental pollutant, i.e., polychlorinated .
biphenyls (PCB's) may be involved in the etiology of the_diseése. Carp fed a
diet containing PCB's did not develop the.tumour. Tumour-bearing fish fed a
diet containing a pituitary gonédatroph block did not affect the maintenance
of the tumour, although there was regressioh of the hyperplastic gonadatrophs.
Fish injected with LH hormone also did not develop the tumour. These studies
suggest that tumour development is independent of the pituitary gonadal axis,

although the disease is characterized by massive gonadatroph proliferation.



INTRODUCTION

It has been estimated that 60 to 90% of the cancers in man are
envirdnmenta]]y induced (directly or indirectly) by extrinsic environmental
factOrs.in the air,‘food, and water he consumes (Epstein, 1974). As the
resu]t of our mushrooming technological society, there has been an unbridied
increase in the use of tens of thousands of new and often structura]]y comp]ex
synthetic compounds in industry and agriculture. Few of these have been
sckeenedrfor-carcinogenic activity (i.g.'5,000 dp to 1972) which represents
a small fraction of the tens of thousands or perhaps hundreds of thousands of
chemicals which have exténsive environmental contact with man and ought fo be
screened for carcinogenic potent1a1 (Sarriotti, 1974).

Very 1ikely, in lieu of the above, the incidence of neop]as1a in man
could increase because of new carcinogens, increased levels of carcinogens al-
'ready in the environment, or the combined éffects of the éame whieh might re-
veal their effeéts decadeé'aftér their introduction. Furthermore, in man,
enyironmental carcinogens have a tendenby to express themse1ves some 30 years
post-exposure. It is apparent that there is an urgent need to detect and iden-
tify those factors in the environment which could be contributors to the etiol-
ogy of cancer in man.

At present, the screening of compounds for carcinogenic potential is
progressing at a rapidly accelerating rate due to advances in a number of areas
in biology. Carcinogen screening is, however, largely confined to short-term
testing of individual compounds in a battery of in vitro and in vivo assays.

It is increasingly apparent, however, that evaluation of the carcinogenic poten-
tial of chemicals found in the environment is very complex. [Even if the speci-

fic carcinogenic potential of a defined industria]'or agricultural chemical is



established, the possible effects of breakdown products in the environment
might be even more difficd]t to assess. Natural biodegradation or specific
tkeatment processes of industrial and domestic effluents may lead to the -
development of new compounds having carcinogenic prqpertfes quite different
from the present compound (i.e., chlorination). Another factor confounding
Taboratory evaluation of environmenta1_agénts is the combined and possible
synergistié effects resulting from a mixture of carcinogenic and non-
carcinogenic compounds. .

| Viruses have been shown to be the etio]ogical agent or cause.of a

number of cancers in animals and have been implicated in the etiology of

~ cancer in man. Cancer may be conceived as being a multi-factorial syhdrome,

caused by the breakdown of a complex system of feed-back mechanisms leading

to the expression of cancer causing (oncogenic) viruses. Several carcinogens
are knowh to éct in concert with oncogenic viruses to produce neoplasms (Haran-
Ghera, 1966; Igel et al., 1969; and Toth, 1963). Similarly, there are numer-

ous examples of the combined effects of chemical co-carcinogens and viruses

' producing nedp]asms, of which neither alone could induce tumour formation. It

- would seem a logical hypothesis, therefore, to suspect that alteration of an

animal's environment by a battery of éxtrinsic factors might result in induc-

tion of oncogenic viruses. Although knowledge of such mechanisms is obscure,

it is very likely that they play an important role in the etioiogy of cancer.
With regards to water, it has been documented that our aquatic en-

vironments are fouled with chemicals and classes of chemicals which have car-

" cinogenic potential (Brown et 1.,A1973; Maugh, 1973; Morrison, 1971; Saffiotti,

1974; and Wogan, 1969). Although there is little evidence that carcinogens
in water have produced widespread cancer prob]ems'ih man, it is not difficult

to envision such a possibility. Presently, due to ground water depletion,



many cities are processing for drinkingkpurposes, water which hay be in excess
of 30% recycled water (Cillie et al. , 1966). Many inorganic and organic com-
pounds (some known carc1nogens) are not removed in current water treatment
facilities (Bornoff and Fisher, 1962; Ongerth et al.. 1973). In fact, treat-
ment may be producing carcinogens (i.e., chlorination may produce cﬁ]oroform
and carbon tetrachloride, both known carcinogens (Jolley, 1973; Bellar et al.,
1974; Rook, 1974). - |

Of particular concern with regards to the above, is the report of
Harr1s (1974) on the possible 1mp11cat1ons ‘of cancer causing substances in
Mississippi River water. The study presents presumptive ep1dem1o1og1ca1 evi-
dence which suggests a s1gn1f1cant re]at1qnsh1p between cancer mortality in
white males drinking water obtained from the Mississippi River in the New.
Orleans area. The report strongly suggests that drinking water from the
Mississippi River is causally related to cancer mortality in more than one
million persons in Louisiana who depend on that source for their drinking.
water supply. Although the results of the New Orleans study canhot as yet be
considered as conclusive evidehce that cancer is in fact being caused by con-
suming contaminated water, these very suggestive fjndings must be fully taken
into consideration.

It is apparent that a sentinel system for the early detection and
identification of waterborne environmenta1 carcinogens is urgently needed. In
these studies, we have made a pilot study exploring the potential utility of
mon1tor1ng fish and their associated neoplasms as indicators of waterborne en-

vy1ronmenta1 carc1nogens. These studies have revealed a]arm1ng]y high tumour
frEquencies, some of which exhibit apparent clustering in waters receiving in-
dustrial and domestic wastes and which epizootio]ogicel'findings support the

role of extrinsic environmental factors. These studies stimulate the following



thought-providing questions: Do they reflect the presence of carcinogens in
the environment? Oncogenic viruses ahd chemica]s? Oncogenic viruses alone?
The New Orleané ll'expelr"ience" gives urgency to these questions and gives
credence as to the potential utility of fish as sehtineT animals for the early

detection of waterborne carcinogens.

" White-Sucken Papilloma (Catostomus commersondi)

White suckers in the Great Lakes suffer epizootics of papiliomatous
growths. The tumours usually present themselves as cauliflower-like growths
which may be found anywhere on the fish's body. The tumour_is benign, and_no
evidence of invasiveness has been found. The tumour is widespread in white
suckers in the Great Lakes; the tumour having been diagnosed in Lakes Super{or,
Michigan, Huron, Erie,YOntario and the St. Lawrence River. The disease has
also been diagnosed in a number of Lakes in Ontario, Alberta, and Michigan
(Sonstegard, 1975b).

During the course of field epizootiological studies conducted on Lake
Simcoe (Ontario) white suckers, the majority of the tumours found were on the
head region (1ips, snout, and eyes), however, the tumours were commonly found
on the fins and flank. Neverfhe]ess, last year's field epizootiological studies
in BurTington Harbour on Lake Ontario revealed that 100% of the‘specimens with

the disease had tumours exclusively associated with the 1ips. Furthermore, an

‘inordinately high proportion of the Burlington Harbour white suckers (29.6%)

exhibited the tumour “clustering" compared to other areas surveyed on the Great
Lakes (i.e., 2.6%'in Toronto Harbour on Lake Ontario; and 0.7% in Southampton
on Lake Huron) (Sonstegard, 1975b).

With regard‘to the anatomical predilection of the papillomas to the

lips of the Bur]ington Harbour white suckers, it should be noted that the species



is a bottom-dwelling fish, spending its entire 1ife feeding and resting on
the bottom. These activities could either expose their mouth_parts to tumour-
inducing agents which may accumulate in bottom sediments, or they might cause

mechanical abrasions to the mooth region, thus facilitating the transmission

of virus. Such factors either singly or in combination might give rise to the

neop]asm The anatomical shift in the Tocation of the neoplasm occurring in
white suckers recovered from the Burlington Harbour, together with the clus-
tering recorded in this watershed strong1y suggest that extr1ns1c environmen-
tal factors (carcinogens) in association with. C- type virus play a ro]e in the
et1o]ogy of the syndrome (Sonstegard 1973) |

Field ep1zoot1o]og1ca1 studies were then made on selected sites on
Lake Ontario to resolve Whether "clustering" occurs in Burlington Harbour. The
foT1owing collection sites were monitored: Dufferin Creek, Humber River, Oak-
ville Creek, Burlington Harbour, Jordan Harbour, and Rochester, and are shown
on the enclosed map. No tumours were detected in the co]]ections'nade‘at

Dufferin's Creek or Rochester, N.Y. The age of the suckers was determined by

~sectioning the pectoral fin and oounting the anuli. The tumour frequencies

found are represented in the enclosed graphs (Fig. 1 - 4) _

These ep1zoot1o]og1ca1 studies 1ndicate e]evat1on of the frequency
of tumours "c1ustering“ in the Oakv1]1efBur11ngton region on.Lake Ontario. It
is particd1ar1y're1evant to note that the frequency of occurrence decreased
dramatically‘in collections made at varying distances in both directions from
this region. In addition to the apparent clustering recorded, the tumours |
were, in genera1, larger in size. Furthermore,‘a higher'proportion of the
catch exhibited'mu]tfple tumours.

As oiscussed earlier, the white sucker is a bottom-dwelling species,

spending its entire life feeding and resting on the bottom. These activities
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could expose their mouth parts (1ips) to carcinogens (natural and 1ndustr1a1)
which mayvaccumu1ate in the bottom sediment. A1ternat1ve1y such substances
might cause mechanical abrasions to this anatomical region thus fac111tat1ng
transmission of virus; both of which alone or in concert might give rise to
the neop]asm.' With regard to the above, polynuclear aromatic hydrocarbons
(PAH's) which are potent carcinogens have been reported in Great Lakes sedi-
ments at levels of.54 ug/gm dry weight (Strosher and Hodgson, 1975). Simi-
" larly, polychlorinated hydrocarbons and a variety'of heavy metals also aceu-
mulate at high 1eve1s in bottom sediments, which may play a role in the etiol-
ogy of the tumour. ) | |

No ‘behavioural pattern (i. e., courtship or spawn1ng) have been ob-
served which would facilitate mechanical transmission.of an infectious egent
| (f.e., virus) or transplantation of tumour cells and thus explain this anatomi-
cal predeliction for fhe lips. Another confounding consideration with regard
- to mechanical horizontal transmission by contact by an infectious process s
" the distribution of the tumours on the 1ips. For example, of the white
suckers exhibiting tumours in the Oakville collection, only 17.4% of the tumour-
bearing suckers had tumours in opposition (i.e., tumour on the opposite 1ip at
a site corresponding to the tumour). Considering that the opposite 1ip would
be in almost constant contact with the tumour "kissing effect", it seems un-
1ikely that the high frequency of occurrence_of the tumour is due solely to an
extremely efficient infectious precess. Another interesting epizootiological
observation was that the upper 1ip was mofe frequently involved than the lower.
Of the Oakvi]]e:tumour-bearingtfish_GT.4% had tumours on the upper 1ip whereas
only 38.6% had tumours on the Tower 1ip. Laboratory observations of'resting
and actively feeding white suckers suggest that the upper lip has more direct
contact with bottom sediments and might be more prone to abrasions during the

act of feeding.
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The tumour frequenc1es recorded within specific age-sex groups at
the various 51tes monitored prov1ded some relevant epizootiological 1nd1ca-
tions. Nh1te suckers reach sexual maturity at four years of age (Beam1sh
1970) when the tumours begin to be detected. The tumour frequency (see
Oakville graph) then progressively 1ncree$e with age. The tumours in the °
. younger fish were genera11y smaller and both the frequency of occurrence
and size 1ncreased progressively with age. These results suggest that the
‘v'tumour pers1sts for the 1ife of the fish. The development of the tumours
'ppstfsexual maturity suggests that the virus associated with the tumour may
be horizontally transmitted during the act of spawning or that the expression
of the virus may be linked to the endocrine system. The age at which the
tumour begins to be detected must also be considered in the 1light of the migra-
tory and/or behavioural patterns of the species in.question. It is be]ieved
by this investigator that the suckers stay in sfreams for the first 1-3 years
of 1ife and then migrate into the open lake environment which might, in turn,
| be where the animal is exposed to carcinogens giving rise to tumour develop-
ment. The catch data of the white suckers collected indicate that statisti-
cally significant catches were in the 5-9 year age class. Within these age
classes, there is evidence of clustering in the Oakville and Burlington
sucker compared to the other sites monitored.

" To date, transmission trials have been performed on groups, each
consisting of 200 fish. The trials invo]?ed holding tumour-bearing with
" normal fish, suckers which had been exposed by making mechanical abrasions
on the 1ip and rubbing the abraded area with tumour, and fish which had been
inocu]ated'percutaneous1y with.cell free preparations of the tumour and all
have been refractory. No evidence of in vitro transformation was found in

trials with the following fish cell lines: rainbow trout gonad, fathead
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. minnow, brown bullhead and bluegill fry.

EIettron microscopic studies of tissues collected from the tumours

 vhave'reveajed'1arge numbers. of C-type virus partic1es asso;iated with the
“;Whité suckér'pap11loma. The virus (about 100 nanometer) was found budding .
from the cytoplasmic membrane and aggregates of virus were found in intra--

" cellular spaces. C-type viruses have been found associated with cancers in

a variety of animals (i.e., mice, birds, cats, monkeys, hamsters, and humans)

and are prime candidates as etiological agents in human cancers (Temin and

Mizutani, 1974).

C-type viruses are unique in that their rep11cat1on ‘involves a DNA

‘polymerase wh1ch 1s coded for by the RNA of the C-type virus (Temin. and
?M1zutan1, ]970, Ba1t1mpre, 1970). In an attempt to e]uc1date the et1o]og1ca1
’ro1é of the C-type virus visualized in electron microscopic studies of the
tumour, we sought for and found reverse transcriptase activity associated
" with the white sucker papilloma. These observations strongly suggest that
B C-type virus (a known cancer-causing virus) is invo]ved in the etiology of

“‘the disease.

The oncogere theory of Hubner and Todaro (1969) states that in most

-vertebrate species, including man, cells carry C- type virus genomes as

_repressed genes. These are transmitted vertically and may be "triggered”

depending on the hosts genotype, age, and exposure to environmental carcino--

f gens. Once "tfiggered" viruses are produced and/or tumours are formed.
‘According to this theory, genetic susceptibility is widespread and may be

‘“'1s1ne qua non in certa1n neoplasms. It would follow, that waterborne carcino-

fg”gens could serve as: “tr1gger1ng" mechan1sms of either hor1zonta1]y or verti-
| 'cally.transm1tted Cgtype viral genomes. The result is the higher tumour
5frequenciesiin poliuted as opposed to non-polluted waters as evidenced by

“the clustering reported here.
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Brown Bu&thead Papatloma (Ictaluaub ‘nebulosus )

Field ep1zootio]ogica1 studies of the brown bullhead papilloma were
made in Burlington and Jordan Harbours, on Lake Ontario, and Port Rowan on
Lake Erie. The anatomical distribution of the papillomas in the brown bull-
head are similar to the white sucker papilloma discussed earlier in that both
diseases exhibit a propensity to develop &s tumours on the 1lips. Until recentiy
no satisfactory technique to determine the age of these fish by sectioning the
pectoral fins has been developed in our laboratory. This confounded compara-
tive tumour frequency studies in polluted vs non-polluted waters

In the field investigations conducted, only large o]d bullheads
were found with the tumour. The netting test on Lake Ontario bullheads is
particularly interesting. A large catch (338) of very large brown bullheads
was made at Jofdan Harbour (a relatively non-polluted bay on Lake Ontario) and
a low tumour frequency (1.6%) was found in these fish. In similar studies con-
ducted in Bur]ihgton Harbour (heavily polluted bay on Lake Ontario, separated
from Jordan Harbour by about 30 miles), the tumour frequency in the large bull-
heads (similar size to those collected at Jordan Harbour) was about 80%,
suggesting possible clustering in Burlington Harbour. These observations
closely parallel the clustering of the white sucker pabﬂ]oma from the same
collection sites. _ _

Although classified as a papilloma (benign skin tumour) evidence
of invasiveness was found in histopathological studies and the tumour may
have to be reclassified as a carcinoma (ma]ignant tumour of epithelial origin).
The disease in brown bu]]heads exhibits high tumour frequencies in nature.
However experiments involving 650 fish showed no evidence of trahsmissien in
laboratory contagion, transplantation, and cell free transmission trials.

These studies suggest that the fkequency of occurrence of the disease in brown
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bullheads may be environmenta11y related. The brown bullhead papilloma as a
sentinel animal for environmental carcinogens has distinct advantage. The
fish is non-migratory in nature and spends its entire life in a geographically
. restricted area. Thus, it may help to recogniie'areas Where cancer causihg

pollution may be present.

Hypothynoidism (Goiten) - Coho Salmon (Onconynchus kisutch)

Lake Ontario coho salmon were found to suffer an epizootic of thy-
roid (goiter) during the 1974 spawning run (Sonstegard, 1975b). In that
study 42.9% of the coho necropsied exhibited distinct nodes (gditer) on the
gill arches and near]y all ‘had gross evidenée of thyroid hyperplasia as
evidenced by diffuse swelling of the base of the gill arches. Earlier in
1974 (June), a large catch of cohd of the same age group in which the epizoo-
tic of_goiter was found in the fall spawning runs were examined, and no goiter
was found. These field observations suggest that the condition develops during
the periqd of rapid gonad déve]opmeht. In an attempt to resolve the etiology
of the conditiqn, the following summarizes collaborative investigations con-
ducted with Dr. John Leatherland (fish endocrinologist, University of Guelph)
in 1975.' |

On August 18, 1975, a gill net survey (5 inch stretch mesh) was
made in Lake Ontario off the mouth of the Credit River. The following infor-
mation énd/or data was collected in thié test netting and in subsequent
collections reported here: plasma, Bouins fixed tissues from the base of
the gill arches of normal and goiter-bearing coho for characterization of
thyroid histology, Bouins Hollande fixed pituitafies of both normal and
goiter-bearing coho, and sex. At the timé'of the August 18 test netting, the

coho were actively feeding as evidenced by gut examinations and angler success.
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In this netting, 52 coho were captured, of which three exhibited gross overt
goiter (5%). ,

A second gill net collection was made at the mouth of the Credit
River on September 5, 1975. At the time of this collection, the fish had
gone off feed as evidenced by gut examination and a drastic drop in angling
success. In this collection a total of 68 fish were captured; of which 12
exhibited gross overt goiter (17.6%). |

A third collection was made by seining and snagging on October 24, -
1975 on the Credit River, near the 0.M.N.R. weir at Streetsville. In this
collection a total of 51 fish were examined of which 12 exhibited gross overt
goiter (24%). At the time of these collections the coho were "ripe" and
could readily by manually spawned.

Histopatho]ogica] examinations were made on the thyroid with parti-
cular reference to characteriiing the gland at various stages of their ana-
dromic run. In the first collection, the thyroid in the non-goitered fish was
composed of relatively small numbers of fo]]ic]es with Tow cuboidal cells. The
colloid was homogeneous with 1ittle or no vacuolation. The above description
is that of a normal te1ostvthyroid gland. In the goitered condition the epi-
ihelial cells were markedly hyperplastic as evidenced by tall columnar cells.
The epithe]fa] cells were commonly arranged into what appeared to be tubules
with the lumen follicle forming the empty cavity of the tubule. There was
Tittle or no colloid in the goitered coho.

The "normal" qoho captured in the second netting exhibited a thicken-
ing of the epithelial cells, some of which began to take on the appearance of
columnar cells. Colloid was present in the follicles, although less than in
the August netting. The thyroids of the goitered specimens captured in the

second netting were similar to those described above.
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Thé "normal" coho captured in the third collections all exhibited
tall columnar cells accompanied by a loss of colloid. This is the histologi-
cal picture of a hypothyroid animal. The goitered fish exhibited severely
hyperplastic co]umnar}epithe1ium, Toss of follicular arrangement, and were
devoid of colloid. | |

 Histopathological examination of the pituitaries collected from
the Augusf to October collections exhibited a progressive proliferation of
thyrotrophs. This supports the clinical picture of the rapid onset of hypo-
thyroidism as évidénted by the increased frequéncy'Of occurrence of overt

goiters and‘thyroid:histopathology.

Serum thyroid hormones (thyroxin and triiodothyronine) were measured

from coho collected in September and October. Thyroxin and triiodothyronine
levels in the September collection were 1.0 and 400.3 respectively. The
thyroxin‘and triiodothyronine ]eVe]s in the October collection were 0.4 and
80.2 respectively. These measuremgnts are indicative of severe hypothyroid
problems.

It is well established that the thyroid gland in teleosts shows
marked seasonal variations in appearance with periods of greatest apparent
activity associated with the time of reproduction. Similarly, since in ana-
dromous salmonids, the thyroid appears most ‘active at the time when the fish
are moving into fresh water, the thyroid has been implicated in osmotic and
ionic regulation. This apparent increase in thyroid activity (derived from
histological studies) may reflect the response to iodide deficiency rather
than a true increase in thyroid hormone requirements. Thus the gland is
hyperpTastic'and hypertrophic due to hypersecretion of thyroid stimulating

hormone (TSH),‘thé Tatter resulting from lowered thyroxine (and T3) levels.
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The iodine concentration in the Great Lakes is 20-60 times lower
than in sea water (Winchester, 1970). Fresh water fishes indigenous to the
Great Lakes basin apparently have adapted to this condition, but this adapta-

tion may be less successful for anadromous fishes such as the coho. Land
Tocked forms of anadromous fishes making a prolohged stay in a low iodine
fresh water environment are likely under added osmotic stress which'depends
on thyroid hormone.

The seasonal requirement of thyroid hormones in concert with the
1ow jodine fresh water environment and stress of osmoregulation may partially
account for the preVious appearance of goiters in cohd studies in this inves-
tigation. The coho demonstrate sevefa] symptoms of hypothyroidism, low
serum thyroxin and T3 levels, hyperplastic and hypertrophic thyrotrophs and
large nodular goiters. The histological studies suggest that the goiter
became progressively more extensive between August and October. The serum
levels of thyroid hormones fe]T significantly between September and October,
while the incidence of overt (nodular) goiters increased from 5% in August to
24% in October, all of which suggest an increasing need for thyroid hormone
during this period of anadromic migration preceeding spawning.

The Tow iodine background in the Great Lakes basin has historically
been associated with endemic goiter in man before the introduction of iodized
séTt. The development of thyroid goiter in the adult coho is in one sense
endemic due in part to compensatory hyperplasia in response to low iodine,
together with stress of physfo]ogic processes increasing thyroid activity as
discussed eaf]ier§ However, the following observations suggest that extrinsic
environmental factors are involved in the etiology of the goiters.

| 'Acéording to Hnath (1975) Lake Michigan field biologists reported

that ih 1967 and 1968 adult coho exhibited a higher frequency of occurrence of
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"gi1l tumours" than in recent years, although no records are.available to
document “these obseryations. Hnath, in 1971, examihed 111 adult coho at
the P]atté River Spawning Station and found no gross goiters. Similarly,
we examined 200 adult cého at the same station in 1973 and found no goiters.
Goiter does,‘howéver, occur in Lake Michigan coho as documented by histo-
pathological diagnosis of several specimens forwarded to this laboratory.
It is interesting to note that goiter freqdency in Lake Michigan éoho has

apparently declined over the years. Similarly, during the 1974 spawning run .

of the Lake Ontario adult coho, we found a frequency of occurrence of the

goiter of 42.8%, whereas coho monitored at the same collection site this
year had a frequency of occurrence of 24%. Furthermore, the histological
appearance of the fhyroid gland and_thyrotroph.pro1iferation in the'1974
collections were more severe than those fecorded this yeaf. This consti-
tutes strong epizootiological evidence that the goiters are not due solely
to Tow iodine levels in the enVironment, as seasonal fluctuations of iodine
Tevels in a large lake environment is highly unlikely.

The seasonaT variation in frequency of occurrence and severity of
goiters may reflect exposure of different populations to dietary and/or water-=
borne goiterogens. The coho is a far ranging school fish in the open lake
environment, and depending on a variety of environmental and chance phenomena,
might from season to season or individual to individual; be exposed to varying
levels of extrinsic environmental factors depending on the lake environment
that it octupied.

While these studies suggest that extrinsic environmental factors are
acting as goiterogens, potentiating the development of goiter in a Tow iodine
environment, no environmental goiterogens have been identified to date. Coho

in Lake Ontafio have high levels of polychlorinated biphenyls which have been
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reported to stimulate the thyroid gland (Mayer et al., 1972). A PCB stimu-
lated thyroid gland may increase the rate of depletion of an'hypothyroid‘
fish, possibly triggering development of goiter. This méchahism or ro]e

may be supported by the seasonal development of the goiters, as there is
rapid mobilization bf 11pid debots during migration. The mobilization of
these depots (PCB's accumulate in 1ipid depots) may increase the levels of
PCB's in target tissueé, which could stress an already depleted thyroid
 gIand,-resu1ting‘in goiter formation. Similarly, several other environmen-
tal pollutants known to be in Lake Ontario coho have known effects on thyroid
(deldrin and DDT). |

Drongowski andbco-workers (1975) reported low plasma thyroxin and

T, values for adult coho salmon collected at the Platte River Spawning Station

3
in Michigan after their migration out of Léke Michigan. However, the reported
thyroxine va1ues'(1;8 ﬁg/lOO ml plasma) were 1.8 times as high as the Lake
Ontario coho sahp]ed during their hnadromic migration before spawning, and

4.5 times as high as those monitored on the spawning grounds. Similarly,

the histological appearance of the thyroid reported by Drongowski appeared
less severely hypertrophic than that of the Lake Ontario coho.

The iodine concentration in Lake Ontario water (2.9 ng/1) (Winches-
ter, 1970). Therefore, if the hypothyroid cOndition'were so]e1yyaue to Tow
jodine levels in the environment (endemic goiter), one would expect Lake
‘Michigan coho to exhibit a higher frequency of goiter and exhibit more severe
| hypothyroidiém which is at variance to the data discussed here. Similarly,
Lake Erie has hfgher iodine levels than Lake Michigan (1.7 ﬁg/1) and Lake Erie

coho were reported to have a frequency of occurrence of 44% of goiter (Black

and Simpson, 1975).
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The potential importance of waterborne or dietary goiterogens

(natural or as po11utants) is the fact that the fish are consumed by humans
and the lake water is increasingly being ut111zed for drinking water. The
suspect goiterogen discussed here (PCB's) has been reported in human 1lipid
depots at a concentration of 1 ppm in 45% of the U.S.A. population (Price
and Welch, ]972). Inasmuch as thyroid hyperplasia may readily progress to
neoplasia, particularly in the presence of carcinogen, the etiplogy of the
goiters need to be resolved (Axelrad and Leb]ond, 1955; Furth, 1969).

These studies raise significant questions regarding the effects of

‘constant Tow or chronic levels of environmental pollutants on animal health.

There are in the literature, growing data to suggest many endocrine parallels
between teleosts and mamma]s in the regulation of endoerine functidns. Fiéh,
by the process of biological magnificatipn, are exposed to environmental
insults often higher than those to which other animals are exposed. It is
apparent that monitoring the endOCrine.disorders and neoplasia in these ani-

mals has obvious merit.

Epidenmal Hyperplasia - Carp (Cyprinus canpio)
During the course of laboratory experimentation involving the
holding of fingeriing carp in static tanks into which the carcinogen diethyl-

nitrosamine had been added, slightly elevated gray-white growths were noted

developing on the skin. Electron microscopic studies of the hyperplastic

epithe]ium revealed tremendous quantities of Herpes virus. Contagion trials
in which tumour-bearing carp were held with normal fish were successful |
as the tUmpur developed in the normal carp. Cell free transmission trials

are Underway. .Ce11 culture transformation trials using established fish cell

lines from goldfish, fathead minnow, and rainbow trout gonad were refractory.
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Some evidence of invasiveness has been found in histopathological studies,
and the disease may have to be reclassified as an epidermoid‘carcinbma (malig-
nant tumour of skin). |

The tumour has Been found in Burlington Harbour carp and simi]af to
the observations madé on the white sucker and brown bu]]ﬁead papillomas, the
tumour has exhibited a propensity for the 1ips and head region. This may
suggest possible enVironmenta] induction or opportunity for horizontal trans-
mission as discussed with the white sucker papilloma. Inasmuch as Herpe virus
is a prime candidate for malignancy in mén, the etio1ogic significance of the

virus should be confirmed.

Gonadal Tumours (Goldfish, carp, goldfish x carp hybnids)

Epizootics of gonadal tumours (Sertoli cell origin) were found in

- Great Lakes goldfish (Cassarius auratus), carp (Cyprinus carpio), and goldfish x

carp hybrids during the course of these investigations (Sonstegard, 1974;
Sohstegard;.1975a,.b). The enclosed graphs (Fig. 5, 6) represent gonadal
tumour frequency in hybrids in sévera] geographical areas. Hybrids up to
3-4 years of age (age of sexual maturity in carp) (McCrimmon, 1968) appeared
to have noimally developing gonads and in subsequent years develop the neoplasm.
Tumour-bearing fish were invariably sterile. With regard to epizootiological
studies'tb resolve whefher extrinsic ehvirﬁﬂmenta] factors were involved in
the etiology of the disease a review of museum collections made prior to 1952
was made (Royal Ontario Museum, University of Michigan, Ohio State University,
and thévSmithédnian). No tumours were found in this review of museum collec-
fions (Sonstegard, 1975b).

The collections at Michigan and Ohio were particu1ar]y relevant

because of the following. The University of Michigén had a moderately large
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random collection of hybrids (38 fish) captured in 1952 off the mouth of the
River Rouge in Detroit. Examinations of these fish revealed no tumours. In
our investigations, collections from the same geographicai site in 1974 and
1975 gave tumour incidence as high as 100% in the older males.

At Ohio State University, Dr. Milton Trautman, an elderly eminent
ecthylogist,‘was consulted regarding the hybrids. Dr. Trautman had made
extensive field and laboratory investigations of the hybrids prior to 1950
in the Toledo, Ohio region of Lake Erie. He recorded hybrids exhibiting evi-
dence of backcrosses. in our invéstigations; conducted sqme-30 years later,
all hybrids found are sterile and are of a F] generation.

The field epizootiological studies conducted in 1974 and 1975 in
conjunction with the review of mﬁseum collections made prior to 1952 suggest
‘that since that time either chemical or environmental factors which have
oncogenic .potential ha?e been discﬁaréed into the Great Lakes. In an attempt
to réso]ve this question, exhaustive'efforté were made to capture hybrids in
the upper and relatively "unpoliuted" waters of the Great Lakes. A total
catch of 26 hybrids from the Kincardine fegion on Lake Huron rebresented the
uppermost region (distance from industrial basins) where hybrids could be
captured. An overall tumour frequency of 61% was found. These results
suggest that all hybrids within the Take system suffer high frequencies of
gonadal tumours. The widespread geographical distribution of the disease
today suggests that the agent or agents are virtually ubiquitous. In lieu of
the same, and.the onset of the syndrome post 1952,>it i§ hypothesized that
po]ych]drinated biphenyls (PCB's) and/or DDT may be involved in the etio]ogy'
of the tumour. Tables 1 and 2 give the heavy metals, pesticide and PCB anal-
ysis of carp and carp x goldfish hybrids collected in field epizootiological

studies from various sites in Canada and U.S.A.
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in an attempt to resolve the pathogenesis of fhe disease, the.
following sumharizes‘investigations made to examine the effects of the tumours
on the pituitary-gonad axis. The neoplasms in both males and females appeared
to be entirely of Sertoli ceiiborigin, however, some Specihens exhibited charac-
teristics of_interstitia] cells. The tumour-bearing animals were sterile
and spermetogenesis and oogenesis were markedly reduced or absent. The pitui-

taries in fish having tumours were approximately 3 times the size of those in

animals without tumours. This massive enlargement was the result of hyperplasia

- of the basophilic cell component (gonadotrophic cells) of the proximal pars

distiiis;‘the_ceils composed 80-90% of the region in tumour-bearing fish
compared with 50% tumour-free animals. Thefe were no apperent differences in
the structure of fine structure of the gonadotrophs in tumour bearing and
normal fish of comparable age and season. Twenty daily injections of luteinniz-
ing hormone (LH) (1/2 ug/g body wt) given to 1 year old, tumour-free hybrids
maintained in water at 25°C under a 16 hr. Tight photoperiod fajled to induce
tumour formation. Moreover, treatment of tumoured hybrids With methallibure
(gonadotrophic blocker) did not effect a reduction in the size or incidence of
the tumours, although it did markedly reduce the size of the pituitary and the
activity of the gonadotrophic cells. It thus appears that the Sertoli cell
tumours are not directly regulated by the gonadotrophs, rather, that the gonado-
trophic cell hyperplasia results from the presence of the tumour, pessibiy in
response to a lowered circulating level of gonadal steroid (Sonstegard et al.,
1975).

Cell free and transplantation trials of the tumours, each involving
400 fish, have been refractory (two years duration). Contagion studies in
which tumour-bearing and normal specimens were held in the same tanks aﬁd

were also refractory. Cell culture transformation trials were refractory as
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‘i’ well as reverse transcriptase assays. No evidence of virus has been found
in electron microscopic studies. Attempts to induce tumour deVelopment by
p]acing‘carp_on.a diet containihg 10‘ppm PCB's were refractory.

These investigations all pdint to the role of extrinsic environ-
mental factors in the etiology of the tUmouk. The existence of environmental
pollutants causing tumours and total reproductiye failure is a.matter of

urgent concern. The etiology of the disease should be promptly resd1ved.
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