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Introduction
Fish, frogs, other poikilothermic vertebrates and invertebrates are victims, models, sentinels,
and bioassay subjects in regard to cancer. Lesions consistent with bone neoplasms have been
seen on Mesozoic dinosaurs. Nucleotide sequences of some mammalian tumour genes have
been recognized in sponges and yeast. Though rarely credited, new carcinogens have been
discovered in fish, an oncogenic virus was discovered in frogs and new tumour genes have been
discovered in both invertebrates and fish. Some epizootic fish and mollusc cancers are correlated
with high human cancer mortality consistent with a common environmental etiology.  Other
epizootic neoplasms are communicable due to a known or suspected oncogenic virus.
The aims of this paper are 1) give a working definition of several terms, 2) chronicle milestones
in oncology with emphasia on fish, invertebrates and other cold-blooded animals and 3) provide
references that will be useful for further literature search.   To conform to the limits of the original
oral presentation, experimental and physiological studies were largely excluded and regrettably
some worthy milestones of oncology may have been inadvertently omitted.

Definitions
Oncology is the study of neoplasia. Neoplasm
and tumour are interchangeable terms in
current medical usage. The same working
definition applies to tumours of fish and
invertebrates as to mammals. A neoplasm is
a heritably altered, relatively autonomous,
dysplastic growth of tissue detrimental to the
host. In other words a neoplasm is an
inharmonious, purposeless, overgrowth of a
genetically abnormal cell type that continues
to multiply even after the initiating mutagens
are no longer present. Oncogenic mutagens
include certain chemicals, ionizing radiation,
ultraviolet radiation, and some viruses. There
is no threshhold for tumourigenic mutagens.
As mutations accumulate among neoplastic
cells by natural selection, neoplasms

progressively lose the ability for differentiation
(anaplasia) concomitant with more aggressive
behaviour. Aggressive neoplasms contain
cells capable of invading and destroying
normal tissues and are called cancers.
Cancers can spread by direct extension into
adjacent normal tissues and sometimes cells
from a primary cancer metastasize through
body fluids to establish secondary cancers in
remote locations.

Neoplasia is the opposite of toxicity in the
sense that the autonomous proliferation of
cells in neoplasia contrasts to the cessation
of cellular proliferation in toxicity. Toxin derives
from the latin word toxicum meaning poison.
A toxin kills cells, usually by the production of
free radicals that interfere with intercellular
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mechanisms, whereas neoplasia increases
growth. Toxins have a threshhold
concentration. Below the lethal toxic thresh-
hold some chemicals can be carcinogenic.

Proliferation of normal cells surviving the
toxicity can regenerate the necrotic tissues,
such as replacing epidermal cells killed by
sunburn. This process is regenerative hyper-
plasia. Hyperplasia differs from neoplasia
because the regenerating cells are normal
rather than heritably altered and proliferation
ceases once the stimulus is removed.  Other
types of hyperplasia include compensatory
hyperplasia that occurs after the removal of
one kidney and the other kidney grows larger
to compensate and physiologic hyperplasia
that occurs when adipose tissue increases to
accommodate the storage of excess dietary
fat or when goiters develops in response to
iodine deficiency.

Chronology
Cancer is the Latin word for crab. It
superseded the Greek word for crab,
“karkinos”, introduced into medical usage by
Hippocrates (460-335 BC) for advanced
breast cancer, which had a visual similarity to
the hard body and bluish tentacles of a crab.
“Cancer” remains a valid crab genus.

An early fish tumour was the seasonally
limited, communicable, epithelioma
papulosum of common carp, Cyprinus carpio.
It has been a problem in fish culture from at
least the 16th century AD (Hofer, 1896).
Epithelioma papillosum, sometimes referred
to by the misnomer “carp pox”, is caused by
temperature sensitive Herpesvirus cyprinae
(Sano et al., 1993). Susceptibility and severity
are strain dependent.

The observation by Sir Percivall Pott (1775)
that boys used as chimney sweeps developed
scrotal cancer was one of the earlier
indications of a chemical etiology for cancer.
Bathing reduced incidence (Butlin 1892).

Bell (1793) reported multiple, osteomas on
vertebral spines of butterflyfish, Chaetodon
sp., and similar familial bone tumours are now
known in about 60 fish species.

The Edinburgh Medical Committee of the
Society for Investigating the Nature and Cure
of Cancer in 1802 questioned, “are brute
creatures subject to any disease resembling
cancer in the human body. It is not at present
known whether brute creatures are subject to
cancer, though some of their diseases have a
very suspicious appearance…” (Baillie et al.,
1806).

Kirby and Spence (1826) discussed tumour,
malformations, parasitism and other diseases
in insects.

Formulation of the concept that all plant and
animal tissues are composed of cells (the cell
theory) is attributed to Matthias Jacob
Schleiden – a botanist (1838) and Friedrich
Theodore Schwann – a medical physiologist
and anatomist (1838). Both were graduate
students in the Department of Anatomy and
Physiology, Friederick Wilhelm University
under Johannes Mueller. Muller (1838) then
demonstrated the cellular composition of
cancer.

Crown gall neoplasm of plants was discovered
in 1853 according to Mani (1964). Crown gall
tumor is caused by the bacterium,
Agrobacterium tumefaciens  (Smith and
Townsend, 1907) and the tumor cells continue
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their autonomous growth after the bacterium
is removed. The transforming agent is a
plasmid transported by the bacterium. The
transforming plasmid becomes incorporated
in a plant cell genome and is passed to
successive tumour cells (Braun 1977).

The same year that Crown Gall was dis-
covered, Deslongchamps (cited by Thomas
1931) gave the first report of neoplasia in a
chrondrichthyan, a fibroma in a thornback
skate, Raja clavata.

Nineteen years after the cell theory was
formulated Rudolph Virchow (1858)
introduced the doctrine of cellular pathology
and described the pathology of a number of
tumour types.

Contemporarily, Charles Robert Darwin and
Alfred Russell Wallace (1858) co-announced
their independent discovery of the concept of
natural selection. Darwin (1859) expounded
that announcement in his book, “On the Origin
of Species by Means of Natural Selection, or
the Preservation of Favored Races in the
Struggle for Life”.

Gervais (1886) reported a huge fibrous tumour
in the body cavity of a carp, Cyprinus carpio,
reminiscent of gonad neoplasms seen in many
carp and carp hybrids since then.

A pericardial neoplasm, presumably a
mesothelioma, was reported in an oyster,
Crassostrea virginica, (Ryder, 1887) and
tumours in freshwater mussels, Anodonta
cygnoea, were reported by Collinge (1890)
and by Williams (1890).

Julius Cohnheim (1839-1884) lectured that
tumours cannot grow beyond the size of a

pinhead unless the host supplies blood
vessels. That concept was comfirmed by
Judah Folkman and associates by
transplanting malignant cancer cells to the
anterior chamber of a rabbits eye. Tumours
remained dormant while floating but grew
16000 times in 3 days when they were
manually held against the iris and became
vascularized  (Gimbrone et al., 1972;
Gimbrone et al., 1974).  Folkman is one of
the most pre-eminent cancer investigators in
the world today for his extensive research   on
cancer inhibition via antiangiogenesis
(Folkman, 1995). One tissue that contains
aniogenesis inhibitors is cartilage (Brem et al.,
1975) including shark cartilage (Lee and
Langer, 1983). This has led to the marketing
of shark cartilage for the treatment of cancer
in humans but its effectiveness in that role has
been refuted in clinical trials (Miller et al.,
1998).

David von Hansemann (1890) noted that as
growth proceeds neoplasms become less
differentiated and more primitive, i.e. he
developed the concept of anaplasia. He also
noted that anaplastic tumour cells frequently
had unequal numbers of chromosomes,
variable amounts of chromatin and
asymmetric mitoses.

Epizootic lymphoma in northern pike, Esox
lucius, was reported in the United States by
A. P. Ohlmacher (1898), in Ireland by Maire F.
Mulcahy (1963) and in the Baltic Sea by Olle
Ljungberg (1976). Studies by Mulcahy and
O’Leary (1970), Eric R. Brown (1974), Ronald
A. Sonstegard (1976) and others support a
viral etiology. James S. Thompson and
Kostiala (1990) reported that the cell of origin
is the tissue macrophage based on studies in
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Finnish pike. If Ohlmacher had continued
studying pike lymphoma he might have been
the one to discover viral oncogenicity instead
of Peyton Rous (1911) who discovered it in
fowls.

By 1900 approximately 30 scientific papers
had reported neoplasms in reptilia, amphibia,
osteichthyes, chondrichthyes, mollusca and
arthropoda.

McFarland (1901) described epidermal
papillomas on a white catfish, Ameiurus catus,
from Pennsylvania.

In 1902 Theodor Boveri (1929) observed
unequal development and death of sea urchin
embryos initiated by polyspermic fertilization.
Building on the observations of van
Hansemann (1890), Boveri popularized the
idea that cancer cells, like aberrant sea urchin
embryos, result from an unequal distribution
of genome material.

Orocutaneous papillomatosis (cauliflower
disease) in Atlantic Eels, Anguilla anguilla, was
noticed on the German coast of the Baltic in
1910. It had spread to Bornholm, Sweden and
the Jutland peninsula by 1944 and Denmark
by 1946 according to M. Christiansen and A.
Jensen (1950). It reached The Netherlands
in 1956 or 1957 followed by Belgium (B.F.
Deys 1976).

Peyton Rous (1911) transmitted a solid
sarcoma in Plymouth Rock chickens, Gallus
domesticus, with a cell free tumour filtrate
indicitative of a viral etiology. His report was
met with intense skepticism but the work was
eventually confirmed and the agent was
shown to be a retrovirus. Rous received a
Nobel Prize in 1966.

Goiters, often misinterpreted as neoplasms,
were a significant problem in cultured fish in
the early 1900’s, especially in rainbow trout,
Oncorhynchus mykiss . To address this
problem, Harvey R. Gaylord and M.C. Marsh
(1912) held a meeting entitled “Carcinoma of
the thyroid in fish”One outcome was to prevent
or reverse goiter formation in cultured fish by
increasing Potassium iodide. Though thyroid
hyperplasia is most often seen in cultured fish
a dramatic exception is a 100% prevalence in
salmon in the great lakes probably due to
factors other than iodine levels (Leatherland
1994).

Since bony fish thyroid tissue is un-
encapsulated it can easily migrate and it is
commonly ectopically dispersed in some
species. Thyroid hyperplasia can be
modulated by many factors including
potassium iodide levels, temperature, diet,
contaminants, crowding, and UV radiation as
reviewed by Hoover (1984). Due to these
characteristics and sensitivities, hyperplastic
thyroid can readily develop and might be seen
in the heart, spleen, kidney, gills, post orbitally
and elsewhere. It can destroy cartilage, bone
and other tissues.  Hyperplastic thyroid can
take on a papillary cystic morphology or an
afollicular, colloid free morphology either of
which can resemble neoplasia. The complex
nature of fish thyroid physiology (Leatherland,
1994) adds to the probability that most thyroid
proliferations in bony fish, and sharks (Crow
et al., 2002), are hyperplastic rather than
neoplastic. Definitive studies on what
constitutes thyroid cancer in fish will have to
combine experimental regimens, molecular
analyses, electron microscopy, behavior
morphology and physiology. Especially they
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will have to distinguish physiological
hyperplasia from genetic transformation.

Yamagiwa and Ichikawa (1915) experimentally
confirmed the carcinogenicity of coal tar (soot)
by painting tar on the ears of rabbits two or
three times a week for a year. Papillomas
developed at the exposure site followed by
metastatic carcinoma. Benzo(a)pyrene was
the first of many carcinogenic compounds
isolated from tar by Ernest Kenneway and
associates (Kenneway, 1955).

Twenty percent of European Smelt, Osmerus
eperlanus, from the Baltic had epitheliomas
(Breslauer, 1916).

Gene dependent cancer was discovered in
larvae of a mutant strain of Drosophilia
melanogaster homozygous for the lethal 7
gene (Bridges 1916). Mary Stark (1937), then
a student in Calvin Bridges’ laboratory, studied
the strain until it was lost in a laboratory
accident in 1939. The same mutant tumour
strain, now called l (2) gl, was rediscovered
and a neuroblastoma developed after a
defective gene failed to suppress the activity
of a growth gene (Gateff and Schneiderman,
1969). Elizabeth Gateff was honoured on the
cover of Cancer Research (Colburn, 1989) as
one of the first individuals to recognize the role
of suppressor genes in cancer development.
The human homologue of the l (2) gl gene
codes for a cytoskeletal protein (Strand et al.,
1995).

The 2nd inherited neoplasm to be discovered
was a melanoma that consistently arose
spontaneously in certain Xiphophorus hybrids
(Haeussler 1928) . The genetics of this
melanoma’s tumourigenesis was indepen-
dently investigated by Kurt Kosswig (1931)

and by Myron Gordon (1948, 1959). In the
1960’s, Fritz Anders et al., (1984) showed
tumours result from the expression of an
activated tumour gene (his tu gene is now
called oncogene) following the elimination or
inactivation of its regulating genes (suppressor
genes). Anders, his wife and colleague
Annarose Anders, Kurt Kosswig and Myron
Gordon were honoured on a cover of Cancer
Research (Weisburger, 1990). The
Xiphophorus model continues to have an
active role in the study of cancer genetics
(Woodhead and Chen, 2001).

From 1900 to 1950 approximately 500 papers
were published on tumours in invertebrates
and cold-blodded vertebrates. Investigators
beyond those already named who reported
tumours in fish included E.F. Bashford, James
Johnstone, Mariann Plehn, Otto Pflugfelder,
Ross Nigrelli, and J.A. Thomas. K. Takahashi
(1929) reviewed fish tumours in Japan.
Schlumberger and Lucke (1948) thoroughly
reviewed reports of tumors in fish, amphibians
and reptiles. Invertebrate tumours were
reviewed by Scharrer and Lockhead (1950)
and an invertebrate tumour bibliography was
published by Cantwell et al., (1968).

Beginning about 1935 the world production of
synthetic organic chemicals accelerated
sharply. On average production has doubled
about every 8 years, from one hundred million
kg to well over on hundred billion kg.
Simultaneously epizootic tumours in wild fish
have increased every decade.

Early fish tumours possibly related to
environmental carcinogens were
transplantable, epidermal papillomas on
brown bullhead, Ameiurus nebulosus, from the
Deleware and Schuykill Rivers near the
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industrial city of Philadelphia (Lucke and
Schlumberger 1941). Papillomas were still
present in brown bullhead from the Delaware
River north of Philadelphia in the 1980’s and
hepatocellular neoplasms were  also  reported
(Harshbarger and Clark ,1990).

Hans Georg Schlumberger who enthusiasticly
applied his medical pathology knowledge and
presteige to the study of cancer in reptiles,
amphibians, fish and invertebrates had a large
influence on comparative oncology in the mid
20th century (Dawe and Walls, 1989). His
untimely death following an automobile
accident, and 10 years in a coma, was a great
loss to the field   He described polycystic
kidney in goldfish, Carassius auratus
(Schlumberger 1950), peripheral nerve sheath
neoplasms in goldfish (Schlumberger 1952),
ameloblastoma in chinook salmon,
Oncorhynchus tshawytscha (Schlumberger
and Katz, 1956) and reviewed the field
(Schlumberger and Lucke, 1948; Schlum-
berger 1957). He was interested in all types
of pathology in all types of animals and was
honored on the cover of cancer research for
his contributions to comparative pathology
(Anonymous 1970).

The first evidence a herpesvirus can be
oncogenic was the visualization of herpesvirus
particles (Fawcett, 1956) in epizootic, renal
carcinoma in northern leopard frog, Rana
pipiens, described by Lucke (1934 a.,  b.).
This northern leopard frog renal carcinoma
also upset the dogma that cancer is
irreversible. Cancer nuclei were transplanted
to activated enucleated but unfertilized ova
from normal frogs  (King and Mckinnell, 1960).
Surprisingly, normal tadpoles developed. This
showed that the genetic components required

to form a normal embryo were still present in
an adult cancer nucleus and were still able to
function. It further showed that the cytoplasm
can have a controlling influence on gene
expression. Ramifications and extensions of
this work have been discussed by McKinnell
(1985).

White croakers, Genyonemus lineatus, at a
California sewage outfall had oral papillomas
while white croakers in relatively pristine water
were tumour free (Russell and Kotin, 1957).
The authors thought the papillomas were due
to carcinogens in the sewage effluent and that
appears to have been the case. After the
sewage plant was upgraded no more
papillomas have been reported from white
croaker near that outfall pipe.

Panzootic, primary, metastatic liver cancer
was occurring in up to 90% of 3 years old
hatchery rainbow trout, around 1960.
Researchers linked the cancer to trout feed
and discovered that aflatoxin, produced by
Aspergillus flavus growing on the feed grain,
is a potent carcinogen. Papers from the 1965
research conference assembled by John
Halver and Ian Mitchell (1967) show the
methods and progress in solving the problem.
Knowledge that aflatoxin is carcinogenic has
saved the lives of countless humans and other
animals. Key researchers were honoured for
their work on the cover of Cancer Research
(Anonymous, 1973). Rainbow trout have been
used extensively for testing potential
carcinogens, promoters, inhibitors and
therapeutics as well as for studying
mechanisms of tumourigenesis.

Wilhelm Hueper (1963) made a persuasive
case for environmental carcinogenesis in an
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original symposium on the epizootiology of
cancer in animals.   He used photographs of
rainbow trout hepatoms and softshell clam
papillomas to show that wild animal tumours
are important counterparts for experimental
studies on hepatogenesis in laboratory
mammals. He discussed and tabulated the
various types of environmental contaminants
possibly related to tumourigenesis including:
Aromatic amino-, nitro-, and azo-compounds,
Coal tars and derivitives, Petroleum and
derivitives, Arsenicals, Radioactive chemicals,
Ultraviolet radiation, Lead, Selenium,
Chlorinated hydrocarbons and other
pesticides and herbicides, Goiterogens,
Hormones and others. His status at the
National Cancer Institute and the
thoroughness of his presentation enhanced
the level of research interest and funding.in
this field.

C.J. Dawe, M.F. Stanton and F.J. Swartz
(1964) reported that white sucker, Catostomus
commersoni, from Deep Creek Lake,
Maryland, USA, heavily polluted with mine
waste, motor boat exhaust, pesticides,
agricultural runoff and domestic input, had
epidermal papillomas and liver neoplasms.

Mearl  F. Stanton (1965) performed the first
experimental carcinogenicity study with a
small fish and introduced the zebrafish , Danio
rerio, as a test animal. Seventeen of 65 zebra
daneos developed  liver neoplasms in the 10-
30 weeks following  8 weeks of  exposure to
10-100 ppm diethylnitrosamine dissolved in
the aquarium water.

Cancer transmission by bloodsucking
arthropods was demonstrated. Five of 50
mosquitos, Aedes aegypta , feeding on

hamsters with a transplantable, leukemic,
reticulum cells sarcoma, in a caged
experiment, transmitted the neoplasm to
healthy recipient hampsters in 23 days.
Histology and chromosome studies verified
the transmission (Banfield et al., 1965).

Abnormal coralites, lacking evidence of injury
or parasitism, but with developmental
sequences preserved in the skeleton
suggestive of neoplasia were described in a
dried specimen of Madrepora karaiensis by
Squires (1965).  Histology on the soft tissues
of irregular skeletal protrusions on living
elkhorn coral, Acropora palmata “revealed
proliferation of gastrovascular canals and
associated calicoblastic epidermis, with loss
of normal polyp structures and zooxanthellae”
(Peters et al 1986). The protrusions were
interpreted as neoplasms and diagnosed as
calicoblastic epitheliomas.

Clyde Johnson Dawe started a Registry of
Tumors in Lower Animals in 1965 to facilitate
comparative oncology (Harshbarger 1969).
The Registry was directed by George E.
Cantwell, 1966-1967 and by John C.
Harshbarger 1967-2002. Present operators
are Marilyn Wolfe and Jeffrey Wolf. For their
role in this work Dawe and Harshbarger were
featured on the cover of Cancer Research
(Shimkin, 1980).

S.F. Snieszko, R.F. Nigrelli and K. Wolf (1965)
chaired a symposium on virus diseases in
poikilothermic vertebrates.  The symposium
brought together amphibian and fish
virologists for possible synergy. Topics
covered included long known virus diseases
of fish such as lymphocystis, more recent fish
diseases such as infectious pancreatic
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necrosis and viral hemorrhagic septicemia and
viral neoplasia such as the renal carcinoma
of leopard frogs. The meeting reinforced the
importance of cell culture for studying viruses
and of host immunity for establishing
resistence.

C.J. Dawe and J.C.Harshbarger (1969)
organized and edited the symposium,
“Neoplasms and related disorders of
invertebrates and lower vertebrate animals,”
Amphibian tumours were not included
because of Mizell’s symposium that follows
and reptile tumours were not included because
no one in the world was working on them.
Among highlights of the meeting the first
hematopoietic neoplasms in molluscs were
reported in the eastern oyster, Crassostrae
virginica (Couch, 1969) and (Farley, 1969) and
epizootic mantle papillomas. in the rock oyster,
Saccostrae commercialis from Australia (Wolf
1969).

M. Mizell (1969) hosted a symposium on the
biology of amphibian tumors. While many of
the presentations concerned the leopard frog
renal adenocarcinoma, Delanney and Blackler
(1969) reported an interesting study of a
transplantable lymphoma that had arisen
spontaneously in a colony of Mexican axolotls,
Ambystoma mexicanum. Tumor cells trans-
planted to a limb of a normal histocompatable
recipient could grow rapidly, metastasize and
kill the host. However if the leg containing the
implant was amputated before the tumour had
spread the host would survive and would never
be susceptable to another tumour graft.
Obviously a tumour specific immunity had
developed as a result of a non-overwhelming
short-term exposure.

C.J. Dawe (1970) organized a Committee on
Comparative Oncology, under the
Commission on Epidemiology of the Union
Internationale Contra Cancer (UICC), in a
grass roots effort to grow the field. The
organizational meeting was held 15-16 Oct
1970 at the Fogarty Center, National Institutes
of Health, Bethesda MD USA. The 12
attendees (Figure 1) seated left to right: Maire
Mulcahy (Ireland), Clyde J. Dawe (USA-
Chairman), William U. Gardner (USA -
President UICC) and Gregory T. O’Conor
(USA-Head, UICC Commission on
Epidemiology). Standing l to r: Lionell E.
Mawdesley-Thomas (England), John C.
Harshbarger (USA), Bob F. Deys (The
Netherlands), Yohei Ito (Japan), Peter H. Wolf
(Australia), C. Austin Farley (USA-guest of
Aaron Rosenfield), Aaron Rosenfield (USA)
and Edgar Lee (USA). Not present Sefton R.
Wellings (USA). The 10 original Committee
members each chose a research project and
recruited 2-3 people for his or her work group.
The committee was directly active for nearly
a decade and most of the work groups were
impressively productive during that time.
Some workgroup members made comparative
oncology with lower animals their life career.

The guppy, Poecilia reticulata, was introduced
for carcinogenicity testing by Khudoley (1971).
Diethyl- and dimethylnitrosamine dissolved in
the aquarium water in doses of 13.3 to 100
ppm induced hepatocellular adenoma,
hepatocellular carcinoma and cholangioma in
23 per cent of the guppies after 7-8 weeks of
exposure.

Lionel E. Mawdesley-Thomas (1972) reviewed
some tumours of fish in a 1971 symposium
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he hosted and edited on diseases of fish.
David Bucke assisted.

Eric R. Brown, et al., (1973) reported
neoplasms in multiple fish species from the
polluted Fox River west of Chicago compared
to almost none in the same species from
pristine Canadian lakes.

Medaka, Oryzias latipes, a Southeast Asia rice
patty fish, was introduced as a useful small
fish for carcinogen bioassay by Takatoshi
Ishikawa et al. (1975). Liver neoplasms of
several histiotypes were induced in 66 % of
fish treated by by the addition of 15-135 ppm
diethylnitrosamine to the aquarium water for
8 weeks followed  a 5 week holding period.

A symposium on tumors in aquatic animals
was hosted in Ireland in 1974 by Maire F.
Mulcahy  (Dawe et al., 1976). Epizootic
epidermal paapillomas, melanomas and a
type of fibrous tumour in neotenic tiger
salamanders, Ambystoma tigrinum living in a
treated sewage pond on an Air Force Base
were reported by Frances Rose (1976).
Subsequent metachromatic stains of the
fibrous tumours combined with electron
microscopy of similar cutaneous fibrous
tumours in the related neotenic axolotl,
Ambystoma mexicanum  demonstrated
characteristics of mastocytomas for the first
time in cold-blooded animals (Harshbarger et
al.,1999).

The symposium in Ireland led directly to a
1976 symposium on aquatic pollutants and
biological effects with emphasis on neoplasia
organized and edited by H.F. Kraybill et al.,
(1977). Informally at that meeting but more
formally later, Bruce McCain (1977) reported

liver cancer in English sole, Parophrys vetula,
in a heavily polluted tributary of Puget Sound.
Subsequent fish surveys and analyses at 49
sites in Puget Sound and vicinity that directly
related liver neoplasms and precursor lesions
to polycyclic aromatic hydrocarbons in the
sediment (Landahl, 1990).

Hepatocellular carcinoma was reported in
Atlantic tomcod, Microgadus tomcod, from the
Hudson River, NY heavily polluted by PCB’s
and PAH’s (Smith et al .,1979).

In 1979 Baumann found brown bullhead, A.
nebulosus, with squamous cell carcinoma,
hepatocellular carcinoma and cholangio-
carcinoma at a coking plant  outfall in the Balck
River Ohio (Baumann et al., 1982;
Harshbarger et al., 1984). Long term studies
have shown a direct correlation of liver cancer
with polynuclear hydrocarbons in the sediment
(Baumann and Harshbarger, 1998). The
coking plant was closed in 1982. By 1987
polynuclear aromatic hydrocarbons in the
sediment had plummeted, liver cancer in
brown bullheads had dropped 75% and life
span of the fish had increased two years. This
was the first study using fish cancer as an end
point that confirmed that remediation can
occur naturally when the source of
contamination is eliminated (Baumann and
Harsbarger, 1995).

The Princess Takamatsu Cancer Research
Fund, Tokyo, sponsored the symposium,
Phyletic approaches to cancer (Dawe et al.,
1981). One highlight of the meeting was
confirmation that the problematic X-cell lesion
known since the 1920’s and prevalent in many
fish genera is parasitic rather than neoplastic
(Dawe, 1981). While X-cell lesions super-
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ficially resemble cutaneous papillomas or
pseudobranch adenomas, the principal cell
does not look or behave like any known fish
cell, hence X-cell. By tissue imprints, histology,
cytochemistry and electron microscopy it was
shown that unlike fish cells, X-cells have
multiple, minute, synchorously dividing nuclei
containing much less DNA than fish cell nuclei.
The quantity of DNA is consistent with some
unicellular organisms. The X-cells were shown
to be strikingly similar in appearance and life
cycle to amebae in the family
Hartmonellidae.which form multinucleate
plasmodia and displays synchronus mitoses.
X-cells are enveloped by fish epithelial cells,
which protect them from the immune reaction.

A rapidly growing, invasive neuroblastoma
with tripolar mitotic figures was reported in a
trematode, Otodistomum plunketi from a shark
(Harshbarger and Gibson, 1982). This is the
most clear cut case of cancer in an animal
this primitive. The case was thoroughly
reviewed by Sparks (1985) along with tumors
and tumorlike lesions in Coral, Planaria,
Annelid worms, Sipunculids, Shrimp, Snails,
Bivalve mollusks and Echinoderms.

Liver cancer was reported in sauger,
Stizostedion canadense  and walleye, S.
vitreum, from Torch Lake MI contaminated by
copper mine tailings and chemicals used to
extract copper (Black et al., 1982).

Six species of fish from the Niagara River, NY
had neoplasms of skin, liver and/or peripheral
nerve origin (Black, 1983).

Hematopoietic neoplasia first discovered in the
common cockle, Cerastoderma edule , in
Ireland (Twomey and Mulcahy, 1984) has

been transmitted by cell free extracts
consistent with a viral etiology (Collins and
Mulcahy, 2003).

A CNN TV series of reports on fish cancer in
polluted waterways including Torch Lake MI,
Black River OH, Hudson River NY and Puget
Sound WA in 1982-1983 generated a huge
unexpected global response. The response
included a hearing by the US Congress on
the causes of reported epidemics of cancer
in fish and the relationship between these
occurrences and environmental quality and
human health. John C. Harshbarger (1984)
gave the lead testimony.

K. Hoover (1984) organized and edited a 1982
symposium on the use of small fish in
carcinogenicity testing that evaluated over a
dozen species including, top minnows,
Poeciliopsis lucida and P. monacha, rivulus,
Rivulus marmaratus, medaka, Oryzias latipes,
Amazon molly, Poecilia formosa, zebra danio,
Danio rerio, guppy, Poecilia reticulata,
sheepshead minnow, Cyprinodon variegatus,
mummichog, Fundulus heteroclitus, gulf
killifish, F. grandus, central mudminnow,
Umbra limi and eastern mudminnow, U.
pygmaea , , fathead minnow, Pimephales
promelas, Xiphophorus sp. rainbow trout,
Oncorhynchus mykiss,  and nibe croaker,
Nibea mitsukurii. Data were summarized in a
consensus report (Couch et al., 1984).

Nifurpirinol is the second chemical found to
be carcinogenic by fish (nibe croaker)
bioassay, the first being aflatoxin, (Ikuo Kimura
et al., 1984).

The discovery of epizootic liver cancer in
Winter flounder, Pleuronectes americanus,
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from the Deer Island sewage outfall in Boston
Harbor (Murchelano and Wolke, 1985) led to
a major upgrade of sewage treatment resulting
in disappearance of winter flounder liver
cancer.

Skin painting of extracts of sediment from
Black River OH and Buffalo River NY
produced cancer at that location on brown
bullheads and mice (Black, 1983, Black et
al.1985). Thus the epzootiologic association
of neoplasms with contaminated sediment was
experimentally verified in fish and mammals.

Cellular (myc) oncogene was isolated in
rainbow trout, O. mykiss  (Van Beneden et al.,
1986).

The homology between the ras gene cloned
from goldfish liver and human ras was reported
to be 96% for k-ras, 87% for h-ras and 88%
for N-ras (Nemoto et al., 1986).

Neurofibromatosis in the bicolor damselfish,
Stegastes partitus, from the Florida reefs was
suggested as a model for von Recklinghausen
neurofibromatosis in humans (Schmale et al.,
1986). Schmale et al., (2002) believes an
unusual virus is the etiologic agent.

Bowfin, Amia calva, liver cancer was reported
and reconfirmed from the Detroit River
(Maccubbin et al., 1987, Maccubbin and
Ersing, 1991).

Liver neoplasms were reported in
Chesapeake Bay white perch, Morone
americana (May et al., 1987).

Brown bullhead liver cancer was reported in
the Cuyahoga River, Cleveland, Ohio
(Baumann and Mac, 1988). This is the river
that was once so polluted it caught on fire.

Oral papillomas and liver neoplasms in white
sucker reported from polluted sites on Lake
Ontario. (Smith and Zajdlik, 1987; Cairns and
Fitzsimons, 1988). Extracts of the
contaminated sediments injected into rainbow
trout, Oncorhynchus mykiss ova, induced liver
cancer (Metcalfe et al., 1988).

Oyster toadfish developed pancreas and liver
neoplasms in the York River Virginia near a
petroleum refinery (Thiyagarajah and Bender,
1988).

Mummichog liver cancer was highly prevalent
adjacent to an old creosote plant in the
Elizabeth River, Virginia (Vogelbein et al.,
1990).

Is it safe to eat fish from contaminated
environments? To address this common
question, Dawe and Stegeman (1991) held a
symposium on chemically contaminated
aquatic food resources and human cancer
risk. A key suggestion by attendees to feed
fish from contaminated waterways to rodents
using the standard rodent bioassay protocol
was unacceptable to bioassay personnel.

However, the hypothesis that chemical
carcinogens move up the food chain was
confirmed by the experimental trophic transfer
of carcinogens to winter flounder fed blue
mussels contaminated with carcinogen
containing sediment from the Central Long
Island Sound dump (Gardner et al., 1991).

Striated muscle develops in nephroblastoma
in Japanese eels, Anguilla japonica (Prince
Masahito et al. 1992) which is similar to Wilms’
tumour in humans. Striated muscle also
develops in nephroblastoma of American eel,
Anguilla rostrata, but in no other fish genera
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or nephroblastoms of any non-human
mammalian species. This suggests that eels
might be the most useful surrogates to study
Wilms’ tumor.

Further, the Wilms’ tumor gene, wt, is highly
conserved in the Japanese eel (Nakatsuru et
al., 1992).

The Prince Hitachi Prize for Comparative
Oncology was established in 1996 by The
Japanese Foundation for Cancer Research in
honour of HIH Prince Masahito Hitachi who
has published extensively on cancer in lower
animals, especially fish and amphibians.
Recipients of the Prince Hitachi prize have
included John C. Harshbarger, Fritz Anders,
Robert G. McKinnell, Elisabeth Gateff, Shozo
Takayama, Takatoshi Ishikawa, Makoto
Asashima, George S. Bailey and Jerry D.
Hendricks

Rossi, et al. (1997) organized and edited the
first world congress on spontaneous animal
tumors: a survey.

Nearly 5% of lake whitefish, Coregonus
clupeaformis, from the St Lawrence River near
Quebec had liver cancer (Mikaelian et al.,
1998). This was the first epizootic liver cancer
reported in wild salmonids even though
hatchery rainbow trout have long been known
to be susceptible to dietary hepatocarcinogens
and liver cancer has been experimentally
induced in several salmon species.

Consistent with many other contaminated
sites, epidermal papilloma of white sucker,
Catostomus commersoni was also reported
from the St Lawrence River (Mikaelian et al.,
2000).

The first suprasellar germinomas originating
in fish were reported in three lake whitefish,
Coregonus clupeaformis (Mikaelian et al.,
2000).

Brown bullhead, Ameiurus nebulosus, have
liver and skin cancer closely correlated with
carcinogenic polynuclear aromatic
hydrocarbons in the sediment from several
locations in the Potomac and Anacostia River
system in the Washington D.C., Virginia and
Maryland area (Pinkney et al., 2001).

The 2nd edition of the BSAVA (British Small
Animal Veterinary Association) Manuel of
Ornamental fish, edited by William W.
Wildgoose included an illustrated chapter, on
neoplasia and developmental anomalies
(Harshbarger, 2001).

Conclusions
Fish amphibians and invertebrates have had,
and should continue to have, an important role
in oncology. In fish, for example, neoplasms
have been reported in several hundred diverse
species. All organ systems and many cell
types are represented. The same classes of
carcinogenic chemicals and families of
oncogenic viruses active in mammals and
birds have caused fish tumours. At least some
human oncogenes are present in fish with a
high level of homology. Due to the diversity of
fish, some fish tumours might make ideal
surrogates for the study of a mammalian
tumour counterpart.

A score of fish species have been evaluated
for chemical testing covering the gamut from
large to tiny, oviparous to viviparous to
gynogenetic, cold water to tropical and
freshwater to brackish by a variety of
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procedures. These different characteristics
allow test procedures to be optimized
regarding route of exposure, formulation,
dose, endpoint and period of post exposure.
Fish bioassay is useful to evaluate the
carcinogenic potential of chemicals in
common usage. It is also useful to evaluate
mixtures of chemicals discharged into the
environment such as oxygen scavengers and
nitrosamines from nuclear power plants,

aromatic hydrocarbons from industrial effluent
pipes, pesticides, drugs and cosmetics from
municipal sewers and solvent extracts of
smoke filters on or near smoke stacks.

Some wild fish, especially bottom feeders, are
excellent sentinels for environmental
carcinogens. Liver cancer rates in some
bottom feeding wild fish are high in the USA
where human cancer rates are also high.

COMMITTEE ON COMPARATIVE ONCOLOGY – COMMISSION ON EPIDEMIOLOGY, UICC, Bethesda,
Md. October 15-16, 1970

Back row (l to r): Dr. Lionel Mawdesley-Thomas, Dr. John C. Harshbarger, Dr. Bob F. Deys, Dr. Yohei Ito,  Mr..
Peter H. Wolf, Mr. Austin Farley, Dr. Aaron Rosenfield, Dr. L. Edgar Lee.
Front row (l to r): Dr. Maire F. Mulcahy, Dr. Clyde J. Dawe, Dr. William U. Gardner, Dr. Gregory T. O’Conor.
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Epizootic neoplasms discovered in wild fish
have increased dramatically from less than 10
in 1960 to over 200 today. This is partly due
to an increased awareness and more surveys
but it coincides closely with the increase in
production of synthetic organic hydrocarbons,
which has increased almost geometrically
since World War II. Liver is the primary organ
for metabolizing indirect acting carcinogens
and therefore liver cancer is most strongly
related to carcinogen exposure in polluted
environment as well as in experimental
studies.  The next organ of importance is skin.

Finally, fish , amphibians and invertebrates are
valuable human resources for food,  medicine,
science, agriculture, recreation and
companionship.  They merit protection from
neoplasms, developmental anomalies and
infectious diseases.

References
Anders, F., Schartl, M., Barnekow, A. and
Anders, A. (1984) Xiphophorus as an in vivo
model for studies on normal and defective
control of oncogenes. Advances in Cancer
Research 42: 191-275.

Anonymous (1970) Cover and cover legend
on the contributions of Hans Georg
Schlumberger to comparative oncology.
Cancer Research 30(5): May.

Anonymous (1973) Cover and cover legend
on the roles of M.C. Lancaster, John E. Halver
and Gerald N. Wogan in the discovery of
aflatoxin carcinogenicity. Cancer Research
33(11): November.

Baillie, Sims, Willan, Sharpe, Home, Pearson,
Abernethy, and Denman. (1802) Institution for
Investigating the Nature of Cancer. Edinburgh
Medical and Surgical Journal 2: 382.

Banfield, W.G., Woke, P.A., MacKay, C.M. and
Cooper, H.L. (1965) Mosquito Transmission
of a Reticulum cell sarcoma of hampsters.
Science 148: 1239-1240.

Baumann, P.C., Smith, W.D. and Ribick, M.
(1982) Hepatic tumor rates and polynuclear
aromatic hydrocarbon levels in two
populations of brown bullhead (Ictalurus
nebulosus). In: Polynuclear Aromatic
Hydrocarbons: Physical and Biological
Chemistry (Cooke, M., Dennis, A.J., and
Fisher, G.L., Eds.) pp 93-102. Battelle Press,
Columbus, Ohio.

Baumann, P.C. and Mac, M. (1988)
Polynuclear aromatic hydrocarbons and
tumors in brown bullheads from the Black and
Cuyahoga rivers - cause and effect? Canadian
Technical Report of Fisheries and Aquatic
Sciences 1607: 142-143.

Baumann, P.C. and Harshbarger, J.C. (1995)
Decline in liver neoplasms in wild brown
bullhead catfish after coking plant closes and
environmental PAHs plummet. Environmental
Health Perspectives 103: 168-170.

Baumann, P.C. and Harshbarger, J.C. (1998).
Long term trends in liver neoplasm epizootics
of brown bullhead in the Black River, Ohio.
Environmental Monitoring and Assessment
53: 213-223.

Bell, W. (1793) Description of a species of
Chaetodon , called, by the Malays, Ecan
bonna. Philosophical Transactions of the
Royal Society of London, B. Biological
Sciences: 7-9.

Black, J.J., Evans, E.D., Harshbarger, J.C. and
Zeigel, R.F. (1982) Epizootic neoplasms in
fishes from a lake polluted by copper mining
wastes. Journal of the National Cancer
Institute 69: 915-926.

Black, J.J. (1983) Field and laboratory studies
of environmental carcinogenesis in Niagara
River fish. Journal of Great Lakes Research
9: 326-334.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004, 76

Black, J.J. (1983) Epidermal hyperplasia and
neoplasia in brown bullheads (Ictalurus
nebulosus) in response to repeated
applications of a PAH containing extract of
polluted river sediment. In: Polynuclear
Aromatic Hydrocarbons: Formation,
Metabolism and Measurement: 7th
International Symposium, (Cooke, M. and
Dennis, A. J., Eds.) pp. 99-111. Batelle Press,
Columbus, Ohio.

Black, J., Fox, P., Black, P. and Bock, F. (1985)
Carcinogenic effects of river sediment extracts
in fish and mice. In: Water Chlorination:
Volume 5: Chemistry, Environmental Impact
and Health effects (Jolley, R.L., Bull, R.J., Bull,
W.P., Katz, D.S., Roberts, M.H. Jr., and
Jacobs, V.A. Eds.)  pp. 415-428. Lewis
Publishers, Chelsea, MI.

Boveri, T. (1929) The origin of malignant
tumors. (Translated by Marcella Boveri from
the original 1914 German publication: Zur
Frage der Entstehung malignen Tumoren.
pp.64, Gustav Fischer, Jena) pp.119. Williams
and Wilkins, Baltimore.

Braun, A.C. (1977) The story of cancer : on
its nature, causes and control. Addison-
Wesley.  Reading, MA.

Brem, H. and Folkman, J. (1975). Inhibition
of tumor angiogenesis mediated by cartilage.
Journal of Experimental Medicine 141: 427-
439.

Breslauer, T. (1916) Zur Kenntnis der
Epidermoidalgeschwuelste von Kaltbluetern.
Histologische Veranderungen des
Integuments und der Mundschleimhaut beim
Stint (Osmerus eperlanus L.). Archiv fuer
Mikroskopisch Anatomie 87: 200-264.

Bridges, C. (1916) Non-disjunction as proof
of the chromosome theory of heredity.
Genetics 1: 149-150.

Brown, E.R., Hazdra, J.J., Keith, L.,
Greenspan, I., Kwapinski, J.B.G. and Beamer,
P. (1973) Frequency of fish tumors found in a
polluted watershed as compared to
nonpolluted Canadian waters. Cancer
Research 33: 189-198.

Brown, E.R., Keith, L., Hazdra, J.J. and
Sinclair, T.F. (1974) Oncogenic agents found
in fish inhabiting a polluted water system:
implications for leukemia and lymphosarcoma.
Proceedings of the American Association for
Cancer Research.15: 22.

Butlin, H.T. (1892) Three lectures on cancer
of the scrotum in chimney-sweeps and others.
British Medical Journal 1:1341-1346, 2:1-6
and 2:66-71.

Cairns, V.W. and Fitzsimons, J.D. (1988) The
occurrence of epidermal papillomas and liver
neoplasia in white suckers (Catostomus
commersoni) from Lake Ontario. Canadian
Technical Report of Fisheries and Aquatic
Sciences 1607: 151-152.

Cantwell, G.E., Harshbarger, J.C., Taylor, R.L.,
Kenton, C., Slatick, M.S. and Dawe, C.J.
(1968) A bibliography of the literature on
neoplasms of invertebrate animals. GANN
Monograph on Cancer Research 5: 57-84.

Christiansen, M. and Jensen, A.J.C. (1950)
On a recent and frequently occurring tumor
disease in eel. I. Occurrence of the disease
in the various years and its distribution. II.
Investigations of the tumors. Report of the
Danish Biological Station to the Ministry of
Agriculture and Fisheries, 50: 31-44.

Colburn, N. (1989) Cover and cover legend
on tumor suppressor gene studies in
Drosophila by Elisabeth Gateff, mice by Henry
Harris, Syrian hampsters by Carl Barrett and
humans by Eric Standbridge. Cancer
Research 49: April 1 1989.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004,  77

Collinge, W.E. (1890) Note on a tumour in
Anodonta cygnaea, Linn. Journal of
Anatomical Physiology 25: 154.

Collins, C.W. and  Mulcahy, M.F. (2003)  Cell-
free transmission of a haemic neoplasm in the
cockle, Cerastoderma edule. Diseases of
Aquatic Organisms 54: 61-67.

Couch, J.A. (1969) An unusal lesion in the
mantle of the American oyster, Crassostrae
virginica . In: Neoplasms and Related
Disorders of Invertebrate and Lower
Vertebrate Animals, Dawe, C.J. and
Harshbarger, J.C. (eds.). National Cancer
Institute Monograph 31: 557-562.

Couch, J.A., Dawe, C.J., Dupree, H.K.,
Gratzek, J.B., Guarino, A., Harshbarger, J.C.,
Hendricks, J.D., Hoover, K.L., Ishikawa, T.,
Kimura, I., Kligerman, A.D., Lech, J.J. and
Schultz, R.J. (1984) Summary and
recommendations: A consensus report. In:
Use of Small Fish in Carcinogenicity Testing:
Proceedings of a Symposium at Bethesda,
Maryland, 1981, (Hoover, K.L., Ed), U.S.
Government Printing Office: Washington,
D.C., National Cancer Institute Monograph 65:
397-404.

Darwin, C., and Wallace, A.R. (1858) On the
tendency of species to form varieties: and on
the perpetuation of varieties and species by
natural means of selection. Journal of the
Proceedings of the Linnean Society: Zoology
3: 45-62.

Darwin, C. (1859) On the origin of the species
by means of natural selection, or, The
preservation of favoured races in the struggle
for life. London, John Murray.

Dawe, C.J., Stanton, M.F. and Schwartz, F.J.
(1964) Hepatic neoplasms in native bottom-
feeding fish of Deep Creek Lake, Maryland.
Cancer Research 24: 1194-1201.

Dawe, C.J. (1970) Compatative oncology and
environmental carcinogens. UICC Bulletin
Cancer 8: 2-3.

Dawe, C.J., Scarpelli, D.G., and Wellings, S.R.
(1976)  (Volume 20 Eds.) Tumors in Aquatic
Animals. In: Homburger, F. (Series Ed.)
Progress in Experimental Tumor Research.
pp. 438. Karger, Basel.

Dawe, C.J. (1981) Polyoma tumors in mice
and X cell tumors in fish, viewed through
telescope and microscope. In: Phyletic
Approaches to Cancer (Dawe, C.J.,
Harshbarger, J.C., Kondo, S., Sugimura, T.
and Takayama, S., Eds), pp. 19-49. Japan
Scientific Societies Press: Tokyo.

Dawe, C.J., Harshbarger, J.C., Kondo, S.,
Sugimura, T. and Takayama, T. 1981 (eds),
Phyletic Approaches to Cancer. Japan
Scientific Societies Press, Tokyo, 400 pp.

Dawe, C.J. (1982) Comparative neoplasia. In:
Cancer Medicine (Holland, J.F. and Frei, E.
III, Eds.), 2nd Edition, Chapter 3: 193-240. Lea
and Febiger, Philadelphia,

Dawe, C.J.and Walls, E., (1989) Hans Georg
Schlumberger, B.S.,  M.D. 1913-1967. Journal
of the Arkansas Medical Society 86: 87-88.

Dawe, C.J.and Stegman, J.J. (1991) (Eds.)
Chemically Contaminated Aquatic Food
Resources and Human Cancer Risk.
Environmental Health Perspectives 90, US
Governmental Printing Office, Washington
DC.

Delanney, L.E. and Blackler, K. (1969)
Acceptance and regression of a strain-specific
lymphosarcoma in Mexican axolotls. In:
Biology of Amphibian Tumors, Mizell, M. (ed.).
Recent Results in Cancer Research, Special
Supplement, Springer-Verlag, New York-
Heidelberg-Berlin. pp. 399-408.

Deys, B.F. (1976) Atlantic eels and cauliflower
disease (orocutaneous papillomatosis). In:
Progress in Experimental Tumor Research
(Homburger,F., Ed), Tumors in Aquatic
Animals, (Dawe, C.J., Scarpelli, D.G . and
Wellings, S.R., Eds), 20: 94-100. Karger,
Basel.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004, 78

Farley, C.A. (1969) Possible neoplastic
disease of the hematopoietic system in
oysters, Crassostrae virginica and
Crassostrae gigas. In: Neoplasms and Related
Disorders of Invertebrates and Lower
Vertebrate Animals. Dawe, C.J. and
Harshbarger, J.C. (eds.), National Cancer
Institute Monograph 31:541-556.

Fawcett, D.W. (1956) Electron microscope
observations on intracellular virus-like
particles associated with the cells of the Lucke
renal adenocarcinoma. Journal of Biophysical
and Biochemical Cytology 2: 725-743.

Gardner, G.R., Yevich, P.P., Harshbarger, J.C.
and Malcolm, A.R. (1991) Carcinogenicity of
Black Rock Harbor sediment to the eastern
oyster and trophic transfer of Black Rock
Harbor carcinogens from the blue mussel to
the winter flounder. Environmental Health
Perspectives 90: 53-66.

Gateff, E. and Schneiderman, H.A.(1969)
Neoplasms in mutant and cultured wild type
tissues of Drosophila. In: Neoplasms and
Related Disorders of Invertebrate and Lower
Vertebrate Animals (Dawe, C.J. and
Hashbarger, J.C. Eds.) U.S. Government
Printing Office: Washington, DC,  National
Cancer Institute Monograph 31: 365-398.

Gaylord, H.R. and Marsh, M.C. (1912)
Carcinoma of the thyroid in the salmonoid
fishes. Bulletin of the Bureau of Fisheries 32:
363-524.

Gervais, M.P. (1875) De l’hyperostose chez
l’homme et chez les animaux. Journal de
Zoologie (Paris) 4: 272-284 and 445-465.

Gimbrone, M.A. Jr., Leapman, S.B., Cotran,
R.S. and Folkman, J. (1972) Tumor dormancy
in vivo by prevention of neovasculation.
Journal of Experimental Medicine.136: 261-
276.

Gimbrone, M.A.  Jr., Cotran, R.S., Leapman,
S.B., and Folkman, J. (1974) Tumor growth
and neovascularization: an experimental
model using the rabbit cornea. Journal of the
National Cancer Institute 52: 413-427.

Gordon, M. (1948) Effects of five primary
genes on the site of melanomas in fishes and
the influence of two color genes on their
pigmentation. In: The Biology of Melanomas
(Milner, R.W. and Gordon, M. Eds.), 4: 216-
268. Special Publications of the New York
Academy of Sciences.

Gordon, M. (1959) The melanoma cell as an
incompletely differentiated pigment cell. In:
(Myron Gordon Ed.), Pigment Cell Biology. pp.
215-236, Academic Press, New York.

Haeussler, G. (1928) Uber Melanombildungen
bei Bastarden von Xiphophorus helleri und
Platypoecilus maculatus var. rubra. Klinike
Wochenschrift 7: 1561-1562.

Halver, J.E. and Mitchell, I.A. (1967) (Eds.)
Trout Hepatoma Research Conference
Papers. 70: I-VII, Color Plates 1-4 and pp. 1-
199. Bureau of Sport Fisheries and Wildlife.
Washington D.C.

Harshbarger, J.C. (1969) The Registry of
Tumors in Lower Animals. In: Neoplasms and
Related Disorders of Invertebrate and Lower
Vertebrate Animals (Dawe, C.J. and
Harshbarger, J.C. Eds.) U.S. Govt. Printing
Office: Washington, DC, National Cancer
Institute Monograph 31: xi-xvi.

Harshbarger, J.C. and Gibson, D.I. (1982)
Ganglioneuroblastoma in a trematode,
Otodistomum plunketi Fyfe, 1953. Invertebrate
Pathology and Microbial Control, Proceedings
of the IIIrd International Colloquium on
Invertebrate Pathology and the XVth Annual
Meeting of the Society for Invertebrate
Pathology. University of Sussex, Brighton
England. pp 280-285.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004,  79

Harshbarger, J.C. (1984) Statement on the
causes of reported epidemics of cancer in fish
and the relationship between these
occurrences and environmental quality and
human health. In: Hearing before the
Subcommittee on Fisheries and Wildlife
Conservation and the Environment of the
Committee on Merchant Marine and Fisheries,
House of Representatives, September 21,
1983, pp. 5-14, 23-37. U.S. Government
Printing Office, Washington D.C.

Harshbarger, J.C., Cullen, L.J., Calabrese,
M.J., Spero, P.M., Baumann, P.C. and Parland,
W.K. (1984) Epidermal, hepatocellular and
cholangiocellular carcinomas in brown
bullheads, Ictalurus nebulosus, from
industrially polluted Black River, Ohio. Marine
Environmental Research 14: 535-536.

Harshbarger, J.C. and Clark, J.B. (1990)
Epizootiology of neoplasms in bony fish of
North America. Science of the Total
Environment 94: 1-32.

Harshbarger, J.C., Chang, S.C., DeLanney,
L.E., Rose, F.L. and Green, D.E. (1999)
Cutaneous mastocytomas in neotenic caudate
amphibians Ambystoma mexicanum (axolotl)
and Ambystoma tigrinum (tiger salamander).
Journal of Cancer research and Clinical
Oncology125: 187-192.

Harshbarger, J.C. (2002) Neoplasia and
developmental anomalies. In: BSAVA Manuel
of Ornimental Fish. (William H. Wildgoose Ed.)
Second edition. Chapter 27: 219-224. British
Small Animal Veterinary Association,
Gloucester, England.

Hofer, B. (1896) Die Sogenannte
Pockenkrankheit der Karpfen (The so-called
pox disease of carp). Allgemeine Fischerei
Zeitung 1: 2-3.

Hoover, K.L. (1984) Hyperplastic thyroid
lesions in fish. In: Use of  Small Fish Species
in Carcinogen Testing. Hoover, K.L. (ed).
National Cancer Institute Monograph 65: 275-
289.

Hoover, K. (1984) (Ed.) Use of Small Fish
Species in Carcinogenicity Testing, National
Cancer Institute Monograph 64, pp 409. US
Government Printing Office, Washington DC.

Hueper, W.C. (1963) Environmental
carcinogenesis in man and animals. Annals
of the New York Academy of Sciences 108:
963-1038.

Ishikawa, T., Shimamine, T. and Takayama,
S. (1975) Histologic and electron microscopy
observations on diethylnitrosamine-induced
hepatomas in small aquarium fish (Oryzias
latipes). Journal of the National Cancer
Institute 55: 909-916.

Kennaway, E. (1955) Identification of
carcinogenic compound in coal tar. British
Medical Journal  2: 1-4.

Khudoley, V.V. (1971) Induction of hepatic
tumors by nitrosamines in aquarium fish
(Lebistes reticulatus). Voprosy Onkologii
(Leningrad) 17: 67-72.Kimura, I., Taniguchi,
N., Kumai, H., Tomita, I., Kinae, N., Yoshizaki,
K., Ito, M. and Ishikawa, T. (1984) Correlation
of epizootiological observations with
experimental data: Chemical induction of
chromatophoromas in the croaker, Nibea
mitsukurii . In: Use of Small Fish in
Carcinogenicity Testing, (Hoover, K.L. Ed),
National Cancer Institute Monograph 65: 139-
154.

King, T.J. and McKinnell, R.G. (1960) An
attempt to determine the developmental
potentialities of the cancer cell nucleus by
means of nuclear transplantation. In: Cell
Physiology of Neoplasia. Austin. University of
Texas Press. Pp 591-617.

Kirby, W. and Spence W. (1826) Diseases of
insects. In: An Introduction to Entomology; or,
Elements of the Natural History of Insects with
Plates, 4: 197-232. Longman, Rees, Orme,
Brown, and Green: London.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004, 80

Kimura, I., Toniguchi, N., Kumai, H., Tomita,
I., Kinae, N., Yashizaki, K., Ito, M and
Ishikawa, T. (1984) Correlation of
epizootiological observations with
experimental data: Chemical induction of
chromatophoromas in the croaker, Nibea
mitsurkurii. In: Use of Small Fish Species in
Carcinogen Testing. Hoover, K. (ed.). National
Cancer Institute Monograph 65: 139-154.

Kosswig, C. (1931) Ueber
Geschwulstbildungen bei Fischbastarden. 3.
Mitteilung. Zeitschrift fuer Induktive
Abstammungs und Vererbungslehre 59: 61-
76.

Kraybill, H.F., Dawe, C.J., Harshbarger, J.C.
and Tardiff, R.G. (1977) (Eds.) Aquatic
Pollutants and Biological Effects with
Emphasis on Neoplasia. Annuals of the New
York Academy of Sciences, 298, 604pp.

Landahl, J.T., McCain, B.B., Myers, M.S.,
Rhodes, L.D. and Brown, D.W. 1990.
Consistent associations between hepatic
lesions in English Sole (Parophrys vetulus)
and polycyclic aromatic hydrocarbons in
bottom sediment. Environmental Health
Perspectives 89: 195-203.

Leatherland, J.F. (1994) Reflections on the
thyroidology of fishes: from molecules to
mankind. Guelph Ichthyology Reviews 2: 1-
67.

Lee, A. and Langer, R. (1983) Shark cartilage
contains inhibitors of tumor angiogenesis.
Science 221: 1185-1187.

Ljungberg, O. (1976) Epizootiological and
experimental studies of skin tumours in
northern pike (Esox lucius L.)  in the Baltic
Sea. In: Progress in Experimental Tumor
Research, vol.. 20, Homburger, F, (ed), Dawe,
C.J., Scarpelli, D.G., Wellings, S.R., (eds),
Karger: Basel, pp. 156-165.

Ljungberg, O. (1980) Skin tumours in northern
pike (Esox lucius  L.): transmission and
immunization studies. In: Advances in
Comparative Leukemia Research 1979 (Yohn,
D.S., Lapin, B.A. and Blakeslee, J.R., Eds),
pp. 213-214. Elsevier/North-Holland:
NewYork, pp. 213-214.

Lucke, B. (1934) A neoplastic disease of the
kidney of the frog, Rana pipiens. II. On the
occurrence of metastasis. American Journal
of Cancer 22: 326-334.

Lucke, B. (1934) A neoplastic disease of the
kidney of the frog, Rana pipiens. American
Jourinal of  Cancer 20: 352-379.

Lucke, B. and Schlumberger, H.G. (1941)
Transplantable epitheliomas of the lip and
mouth of catfish. I. Pathology. Transplantation
to anterior chamber of eye and into cornea.
Journal of Experimental Medicine 74: 397-408
and Figure Plates 18-22.

Maccubbin, A.E., Black, J.J. and Harshbarger,
J.C. (1987) A case report of hepatocellular
carcinoma in bowfin, Amia calva L. Journal of
Fish Diseases 10: 329-331.

Maccubbin, A.E. and Ersing, N. (1991) Tumors
in fish from the Detroit River. Hydrobiologia
219: 301-306.

Mani, M.S. (1964) Ecology of plant galls. pp.
434, Dr. W. Junk, Publishers. The Hague.

Masahito, Prince, Ishikawa, T., Okamoto, N.,
and Sugano, H. (1982) Nephroblastomas in
the Japanese eel, Anguilla japonica Temminck
and Schlegel. Cancer Research 52: 2575-
2579.

Mawdesley-Thomas, L.E. (1972) Some
tumours of fish. In: Diseases of Fish (L.E.
Mawdesley-Thomas, Ed.) pp.380, Academic
Press, London. Symposium of the Zoological
Society of London 30: 191-283.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004,  81

May, E.B., Lukacovic, R., King, H. and Lipsky,
M. (1987) Hyperplastic and neoplastic
alterations in the livers of white perch (Morone
americana) from the Chesapeake Bay. Journal
of the National Cancer Institute 79: 137-143.

McCain, B.B., Pierce, K.V., Wellings, S.R. and
Miller, B.S. (1977) Hepatomas in marine fish
from an urban estuary. Bulletin of
Environmental Contamination and Toxicology
18: 1-2.

McFarland, J. (1901) Epithelioma of the mouth
and skin of a catfish. Proceedings of the
Pathology  Society of Philadelphia 4: 79-81.
1901.

McKinnell, R.G. (1985) Cloning of frogs, mice,
and other animals. University of Minnesota
Press Minneapolis. Revised Edition 127 pp.

Metcalfe, C.D., Cairns, V.W. and Fitzsimons,
J.D. (1988). Experimental inductions of liver
tumours in rainbow trout (Salmo gairdneri) by
contaminated sediment from Hamilton
Harbour, Ontario. Canadian Journal of
Fisheries and Aquatic Sciences 45: 2161-
2167.

Mikaelian, I., Lapointe, J.-M., de Lafontaine
Y., Harshbarger, J.C., Cote, R.J., Naydan, D.K.
and Martineau, D. (2000) Suprasellar
germinoma in three lake whitefish (Coregonus
clupeaformis). Acta Neuropathologica 100:
228-232.

Mikaelian, I., de Lafontaine, Y., Gagnon, P.,
Menard, C., Richard, Y., Dumont, P., Pelletier,
L., Mailhot, Y. and Martineau, D. (2000)
Prevalence of lip neoplasms of white sucker
(Catostomus commersoni) in the St. Lawrence
River basin. Canadian Journal of Fisheries
and Aquatic Sciences 57(Supplement 1): 174-
181.

Mikaelian, I., de Lafontaine, Y., Menard, C.,
Tellier, P., Harshbarger, J.C. and Martineau,
D. (1998) Neoplastic and nonneoplastic
hepatic changes in lake whitefish (Coregonus
clupeaformis) from the St. Lawrence River,
Quebec, Canada. Environmental Health
Perspectives 106: 179-183.

Miller, D.R., Anderson, G.T., Stark, J.J.,
Granick, J.L. and  Richardson, D. (1998)
Phase I/II trial of the safety and efficacy of
shark cartilage in the treatment of advanced
cancer. Journal of Clinical Oncology 16: 3649-
3655.

Mizell, M. (1969) (ed) Biology of Amphibian
Tumors. In: Recent Results in Cancer
Research, Special Supplement, Springer –
Verlag, New York-Heidelberg-Berlin. 484 pp.

Mueller, J. (1838) Uber den feinerin bau und
die formen der krankhaften geschwulste.
Berlin, G. Reimer.

Mulcahy, M.F. (1963) Lymphosarcoma in the
pike, Esox lucius L., (Pisces; Esocidae) in
Ireland. Proceedings of the Royal Irish
Academy, Section B: Biological, Geological
and Chemical Science 63: 103-129, Plates V
and VI.

Mulcahy, M.F. and O’Leary, A. (1970) Cell-free
transmission of lymphosarcoma in the
northern pike Esox lucius  L. (Pisces;
Esocidae). Experientia (Basel) 26: 891.

Murchelano, R.A. and Wolke, R.E. (1985)
Epizootic carcinoma in the winter flounder,
Pseudopleuronectes americanus . Science
228: 587-589.

Nakatsuru, Y., Masahito, Prince, Okamoto, N.,
Sugano, H., Nakamura, Y. and Ishikawa, T.
(1992) Japanese eel nephroblastomas and
molecular cloning of the eel WT gene.
Proceedings of the American Association for
Cancer Research 33:105.

Nemoto, N., Kodama, K. and Tazawa, A.,
Masahito, Prince and Ishikawa, T. (1986)
Extensive sequence homology of the goldfish
ras gene to mammalian ras genes.
Differentiation 32: 17-23.

Ohlmacher, A.P. (1898) Several examples
illustrating the comparative pathology of
tumors. Bulletin of the Ohio Hospital for
Epileptics 1: 223-239.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004, 82

Peters, E.C., Halas, J.C. and McCarty, H.B.
(1986) Calicoblastic neoplasms in Acropora
palmata, with a review of reports on
abnormalities of growth and form in corals.
Journal of the National Cancer Institute. 76:
895-912.

Pinkney, A.E., Harshbarger, J.C., May, E.B.
and Melancon, M.J. (2001) Tumor prevalence
and biomarkers of exposure in brown
bullheads (Ameiurus nebulosus) from the tidal
Potomac River, USA, watershed.
Environmental Toxicology and Chemistry 20:
1196-1205.

Pott, P. (1775) Chirurgical observations
relative to the cataract, polypus of the nose,
the cancer of the scrotum, the different kinds
of rupture and the mortification of the toes and
feet. Hawes, Clarke and Collins, London.

Rose, F.L. (1976) Tumorous growths of the
tiger salamander, Ambystoma tigrinum,
associated with treated sewage effluent. In:
Tumors in Aquatic Animals, Dawe, C.J.,
Scarpelli, D.G. and Wellings, S.W. (eds.),
Progress in Experimental Tumor Research,
Homburger, F. (ed.), S. Karger, Basel 20: 251-
262.

Rossi, L., Richardson, R., and Harshbarger,
J. (1997) (Eds) Spontaneous Animal Tumors:
a survey. pp. 444. Press Point di
Abbiategrasso, Milano,

Rous,P.(1911)A sarcoma of the fowl
transmissible by an agent separable from the
tumor cells. Journal of Experimental Medicine,
13: 397-411.

Russell, F.E. and Kotin, P. (1957) Squamous
papilloma in the white croaker. Journal of the
National Cancer Institute 18: 847-861.

Ryder, J.A. (1887) On a tumor in the oyster.
Proceedings of the Academy of Natural
Sciences of Philadelphia 39: 25-27.

Sano, N., Moriwake, M. and Sano, T. (1993)
Herpesvirus cyprini: Thermal effects on
pathogenicity and oncogenicity. Fish
Pathology 28: 171-175.

Scharrer, B.V. and Lochhead, M.S. (1950)
Tumors in the invertebrates: a review. Cancer
Research 10: 403-419.

Schleiden, M. (1838) Beitrage zur
phytogenesis. Archiv fur Anatomie Physiologie
und Wissenschaftliche Medicin. 137-176.

Schlumberger, H.G. and Lucke, B. (1948)
Tumors of fishes, amphibians, and reptiles.
Cancer Research 8: 657-753.

Schlumberger, H.G. (1950) Polycystic kidney
(mesonephros) in the goldfish. Archives of
Pathology 50: 400-410.

Schlumberger, H.G. (1952) Nerve sheath
tumors in an isolated goldfish population.
Cancer Research 12: 890-899.

Schlumberger, H.G. and Katz, M. (1956)
Odontogenic tumors of salmon. Cancer
Research 16: 369-370.

Schlumberger, H.G. (1957) Tumors
characteristic for certain animal species. A
review. Cancer Research 17: 823-832.

Schmale, M.C., Hensley, G.T. and Udey, L.R.
(1986) Neurofibromatosis in the bicolor
damselfish (Poacemtrus partitus) as a model
for von Recklinghausen neurofibromatosis.
Annals of the New York Academy of Sciences
486: 386-402.

Schmale, M.C., Gibbs, P.D.L., and Campbell,
C.E. (2002) A virus-like agent associated with
neurofibromatosis in damselfish. Diseases of
Aquatic Organisms 49: 107-115.

Schwann, T. (1839) Mikroskopische
untersuchungen to uber die Ubereinstimmung
in der struktur und dem wachsthum der thiere
und pflanzen. Sander, Berlin.

Shimkin, M.B. (1980) Cover and cover legend
on the operation of a Registry of Tumors in
Lower Animals by Clyde J. Dawe and John C.
Harshbarger. Cancer Research 40(9):
September.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004,  83

Smith, C.E., Peck, T.H., Klauda, R.J. and
McLaren, J.B. (1979) Hepatomas in Atlantic
tomcod Microgadus tomcod (Walbaum)
collected in the Hudson River Estuary in New
York. Journal of Fish Diseases 2: 313-319.

Smith, E.F. and Townsend, C.O. (1907) A plant
tumor of bacterial origin. Science 25: 671-673.

Smith, I.R. and Zajdlik, B.A. (1987) Regression
and development of epidermal papillomas
affecting white suckers, Catostomus
commersoni (Lacepede), from Lake Ontario,
Canada. Journal of Fish Diseases 10: 487-
494.

Snieszko, S.F., Nigrelli, R.F. and Wolf, K.
(1965) (Eds.) Viral Diseases of Poikilothermic
Vertebrates. Annals of the New York Academy
of Sciences, 126, 680pp.

Sonstegard, R.A.(1976) Studies of the etiology
and epizootiology of lymphosarcoma in Esox
(Esox lucius L. and Esox masquinongy). In:
Progress in Experimental Tumor Research
(Homburger, F., Series Ed.), Tumors in Aquatic
Animals (Dawe, C.J., Scarpelli, D.G . and
Wellings, S.R., Volume Eds), 20:141-155.
Karger, Basel.

Sparks, A.K. (1985) Tumors and tumorlike
lesions in invertebrates. Chapter III In:
Synopsis of Invertebrate Pathology Exclusive
of Insects, Elsevier Science Publishers B.V.,
Amsterdam, Oxford, New York, pp 91-131.

Stanton, M.F. (1965) Diethylnitrosamine-
induced hepatic degeneration and neoplasia
in the aquarium fish, Brachydanio rerio.
Journal of the National Cancer Institute 34:
117-130.

Stark, M.B. (1937) The origin of certain
hereditary tumors in Drosophila. American
Journal of  Cancer 31: 253-267.

Strand, D., Unger, S., Corvi, R., Hartenstein,
K., Schenkel, H., Kalmes, A., Merdes, G.,
Neumann, B., Krieg-Schneider, F., Coy, J.F.,
Poustka, A., Schwab, M. and Mechler, B.M.
(1995) A human homologue of the Drosophila
tumour suppressor gene l(2)gl maps to 17pll.2-
12 and codes for a cytoskeletal protein that
associates with nonmuscle myosin II heavy
chain. Oncogene 11: 291-301.

Takahashi, K. (1929) Studie uber die
Fischgeschwulste. (Study on fish tumors).
Zeitschrift fur    Krebsforschung 29: 1-73.

Thiyagarajah, A. and Bender, M.E. (1988)
Lesions in the pancreas and liver of an oyster
toadfish, Opsanus tau (L.), collected from the
lower York River, Virginia, USA. Journal of Fish
Diseases 11: 359-364.

Thomas, L. (1931) Les tumeurs des poissons
(etude anatomique et pathogenique). Bulletin
de l’Association Francaise pour l’Etude du
Cancer 20: 703-760.

Thompson, J.S. and Kostiala, A.A.I. (1990)
Histological and ultrastructural
characterization of true histiocytic lymphoma
in the northern pike, Esox lucius L. Cancer
Research (Supplement) 50: 5668s-5670s.

Twomey, E. and Mulcahy, M.F. (1984) A
proliferative disorder of possible hemic origin
in the common cockle, Cerastoderma edule.
Journal of Invertebrate Pathology 44: 109-111.

Van Beneden, R.J.,Watson, D.K., Chen, T.T.,
Lautenberger, J.P. and Papas, T.S. (1986)
Cellular myc (c-myc) in fish (rainbow trout):
Its relationship to other vertebrate myc genes
and to the transforming genes of the MC29
family of viruses. Proceedings of the National
Academy of  Sciences of the United States of
America 83: 3698-3702.



Bull. Eur. Ass. Fish Pathol., 24(1) 2004, 84

van Hansemann, D. (1890) Ueber
asymmetrische zellteilung in epithelkrebsen
und deren biologische bedentung. Virchow’s
Archivs fur Pathologische, Anatomie und
Physiologie, 119: 229.

Virchow, R. (1859) Cellular pathology as
based upon physiological and pathological
histology. (Translated from 2nd German edition
by B. Chance) Reproduced in 1971 by Dover
Publications, NY.

Vogelbein, W.K., Fournie, J.W., Van Veld, P.A.
and Huggett, R.J. (1990) Hepatic neoplasms
in the mummichog, Fundulus heteroclitus,
from a creosote-contaminated site. Cancer
Research 50: 5978-5986.

Weisburger, John H. (1990) Cover and cover
legend on respective contributions by Kurt
Kosswig, Myron Gordon and Fritz and
Annarose Anders on inherited melanoma in
Xiphophorus fish hybrids due to deregulation
of an activated oncogene (tu). Cancer
Research 50(14): July 15.

Wellings, S.R., Alpers, C.E., McCain, B.B. and
Myers, M.S. (1977) Fish disease in the Bering
Sea. In: Aquatic Pollutants and Biologic Effects
with Emphasis on Neoplasia. (Kraybill, H.F.,
Dawe, C.J., Harshbarger, J.C. and Tardiff, R.C.
Eds), Annals of the New York Academy of
Sciences 298: 290-304.

Williams, J.W. (1890) A tumour in the fresh-
water mussel (Anodonta cygnea , Linn.).
Journal of Anatomical Physiology 24: 307-308.

Wolf, P.H. 1969. Neoplastic growth in two
Sidney rock oysters , Crassostrae
commercialis (Iredale and Roughley). In:
Neoplasms and Related Disorders of
Invertebtate and Lower Vertebrate Animals,
Dawe, C.J. and Harshbarger, J.C. (eds.).
National Cancer Institute Monograph 31: 563-
574.

Woodhead, A.D. and Chen, T.C. (2001) (Eds.)
Special Issue: Aquaria Fish Models of Human
Disease. pp. 261. Marine Biotechnology
(Supplement 1) 3.

Yamagiwa, K, and Ichikawa, K.J. (1918)
Experimental study of the pathogenesis of
cancer. Journal of Cancer Research 3: 1-29.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


