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Abstract. Cutaneous [libropapillomatosis in green sea turiles. Chelonia mydas (GTFP), was first
reported over 50 years ago. In the last decade, GTFP has emerged as a significant worldwide epizo-
otic with prevalences as high as Y2% in some green turtle populations. Lesions similar to GTFP have
been observed in other marine turtle species including olive ridleys, Lepidochelys olivacea, flatbacks.
Natator depressus: and loggerheads, Caretta carerta. but disease in these species occurs at lower ire-
quencies and is less well documented. The etiology of GTFP is unknown, and a variety of hypoth-
eses concerning the possible etiology and pathogenesis of GTFP have been proposed and are discussed
in this paper. Possible etiologies include viruses, metazoan parasites, ultraviolet radiation, and chem-
ical carcinogens. Recent evidence from controlled transmission experiments implicates a filterable
infectious agent as the primary ctiology of GTFP. A herpesvirus has been identified in some lesions
but has not been isolated and cultured; consequeritly, Koch’s postulates have not yet been fulfilled
for this agent. The epizootiology and pathogenesis of GTFP are poorly understood. Epizootiologic
evidence, while limited to a few field studies, suggests that environmental conditions in certain near-
shore marine habitats favor a high prevalence of disease expression. The possibility that immune
systemm modulators play a role in the persistence and severity of this disease is discussed. Detailed
investigations ot the epizootiology of GTFP must await identification of the etiologic agent and de-
velopment of specific diagnostic tests. 1n addition, uniil immune function tests can be developed
and validated for free-ranging wurtles, hypotheses about the role of immune system dysfunction in
"GTFP epizootics cannot be tested.
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INTRODUCTION tion), Florida Bay (Barbara Schroeder. Florida Ma-
rine Research Insutute, Tequesta Field Laboratory,

Reports ol neoplasia in chelonians are uncom-  Tequesta, FL 33469, personal communication),
mon (!1-4). For example, reports tabulated by Florida Keys (Herbst, personal observation), and
Machotka (4) cover 25 different neoplastic condi-  Australia (5), in Olive Ridley turtles, Lepidochelys ;
tions in 19 turtle species. Of these, cutaneous pap-  olivacea. Irom the Pacific coast of Costa Rica (Any -
illomas, fibromas, and fibropapillomas in green  Chaves, Universidad de Costa Rica, San Jose,
turtles, Chelonia mydas (Fig. 1), are most fre- Costa Rica, personal communication; Pamela Plot- -
quently documented in the literature. These three  kin, Texas A&M University, College Station, TX
proliferative lesions are the hallmarks of thedisease =~ 77843. personal communication), and in flatback .
referred to as green turtle fibropapillomatosis  turtles. Nararor depressus, from Australia (5). The
(GTFP). The documented increases in GTFP prev-  anecdotal reports are supported by photographic
alence in certain areas and the apparent spread of documentation ot lesions in loggerheads (Fig. 2)
GTEP to locations where it has not been observed  and olive ridleys (Fig. 3) only; to date, only logger-
previously make GTFP the most significant neo-  heads have been confirmed to have libropapillomas
plastic disease of reptiles. by histological examination of lesion biopsies (6).

Heightened awareness following published re- A case of nasal papilloma has been reported from
ports of fibropapillomatosis in green turtles hasled  an aquarium housed hawksbill, Ereimochelvs im-
to increased anecdotal reports of fibropapillomas  bricata. but disease has not been documented in
in other sea turtle species. Fibropapilloma-like le-  free-ranging turtles (6). Taken together. these find-
sions have been observed by field workers in log-  ings raise concerns about the impact of these dis-
cerhead wurtles. Carerta caretta, from Indian River  eases on sea turtle conservation.
Lagoon (Llewellyn Ehrhart, University of Central The purpose of this paper is to compile what is
Florida, Orlando. FL 32816, personal communica-  currently known about fibropapilloniatosis in ma-
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Lutaneous paplllomas fibromas. and fibropap-
|Ilomas were first descnbed by Smith and Coatesin
1938at the New York Agquarium in a captive g green
turtle, Clze!oma mvdas. that had been captured near

 Key West, Flonda 2 years prevnouslv ¢7). Two other
green turlles and 1wo Ioggerheads that were housed
with this animal did not have Ieslons Subsequently,
Smith and Coates observed fi bropaplllomas in3of
200 free-ranamg green turtles 27- 91 kg) captured
off of Key West (7). That same vear. Lucké de-

‘lulu, HI96822.
‘an outbreak of- ﬁbropaplllomatosts occurred in a
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GTFP Was rare 10 nonexistent pnor 10. thls Since’
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" have been reported wuh mcreasmz Irequencx from

Hawaii (11, George Balazs. Natlonal Marisie Fish-
eries Service, Sou(hwest Flshenes “Center. Hono-
personal commumcauon) In 1980,

breedmz group of adult greén turtles at Cayman
Tunle Farm. Ltd. Grand (avman British West In-
dies 112,13). The outbreak began in wild caught
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Fig. 2. A juvenile loggerhead turde, Cureria caretia. with multiple cutaneous fibropapillomas. This wrtle was cap-
tured. tageged. and reieased in Flornida Bay. (Photograph courtesy of Barbara Schroeder. Florida Marine Research
Institute. Florida Department ot Environmental Protection. Tequesta. Florida.)

adults but subsequently developed over several years
in larm raised turtles as well. Ehrhart. Sindler, and
Witherington (14) documented the lirst cases of
GTFP in the Indian River Lagoon, Florida, in 1982.

Netting surveys within the northern’portion of the

Indian River Lagoon system (Mosquito Lagoon) had
been conducted since 1977 without éncountering any
green turtles with fibropapillomas. However, when
the study area was shifted to the central portion of
the system (Indian River) in 1982, affected turtles
were encountered immediately. A review of late
19th century accounts of the Florida east coast
ereen turtle lishery and of reports on Indian River
Lagoon turtles published between 1978 and 1983
failed 1o vield any record of GTFP prior to this
(14.15). Continued monitoring at this site since 1982
has revealed GTFP prevalences of about 50%.

PATHOLOGY
Gross description

Cutaneous fibropapitlomas of green turtles are
single 1o multiple raised masses ranging from 0.1
<m to greater than 30 ¢m in diameter. Individual

masses may be either verrucous or smooth and ei-
ther sessile or pedunculated.-L.arge cutaneous
masses are olten ulcerated and necrotic. Cutaneous
fibropapillomas are usually found on the soft skin
but may be found anywhere on the turtle’s body,
including carapace and plastron. Common sites for
GTFP are the flippers, neck, chin. inguinal and ax-
illary regions, and tail base (Fig. 1). The conjunc-
tiva {especially bulbar conjunctiva) is a common
site for GTFP, and masses may grow over the cornea
(7.8,13.16) (Fig. 4). Tumor pigmentation is usually
related to the pigmentation of the skin at the site
of origin. The gross appearance of cutaneous fibro-
papillomas in loggerheads and olive ridleys is sim-
ilar to GTFP (Figs. 2 and 3).

Visceral nodules have been reported on green
turtles with cutaneous fibropapillomatosis (2,17~
19). Schlumberger and Luckeé (9) discovered numer-
ous spherical 3-5 cm masses in the lungs of one
green turtle. Norton, Jacobson. and Sundberg (17)
observed multiple firm white nodules in both kid-
neys from a juvenile green turtle with extensive cu-
taneous fibropapillomatosis collected in the Florida
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Fig. 3. A nesting adult female olive ridley turtle. Lepidochelvs olivacea, with multiple fibropapilloma-like masses
on the left front ipper. This photograph was taken during an arribeda at Playa Nancite. Guanacaste. Costa Rica.
(Photograph courtesy of Pamela Plotkin. Texas A&M University, College Station, TX 77843.)

Keys. Jacobson, Buergelt, Williams. and Harris (18) multiple discrete 1-4 cm diameter nodules in the
examined two turtles with GTFP and, in one ani- other. They also found similar nodules 1-2 cm di-
mal, found several discrete firm. white foci up to  ameter within both lungs. Approximately 17% (9 of
1 mm diameter on the surface of one kidney and  52) of the green turtles with severe cutaneous tibro-
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Fie. 4. A juvenile green wurile, Chelonia mydas. with extensive bilateral ocular fibropapillomatosis (left eve shown).
Masses onginate from bulbar and palpebral conjunctiva. limbus. dnd cornea.

papillomatosis presented for necropsy at a rehabil-
itation center have been found 1o have similar
internal nodules (Richie Moretti and.Tina Brown.
The Turtle Hospital, Marathon, FL..33050, personal

communication). Williams et al. {19) found lung

and kidney nodules in 41% (7 of 17) of the green
turtles examined from Puerto Rico. Visceral masses
range from 0.1 ¢m to over 20 ¢m in diameter. These
nodules are usually smooth, firm, and white but
some may be gelatinous and translucent. Nodules
are embedded within tissue parenchyma but often
bulge from the surface and may even be peduncu-
lated (Fig. 3). Most visceral nodules appear to be
well demarcated trom suirounding tissue but some
may have irregular borders suggesting infiltration
of surrounding stroma. This is especially true in the
kidney where there is a large amount of fibrous
stroma (Fig. 6). The organs commonly atfected in
a sample of 13 green turtles with cutaneous and vis-
ceral masses were lungs (77%), kidneys (69%).
heart (38%), gastrointestinal tract (31%), and liver
{23%). Nine turtles (69%) had nodules in more than

one organ sysiem. Visceral fibromas have not been
described in any other sea turtle species.

Histo[ogic description
Jacobson et al. {13) described the histologic and

ultrastructural appearance of normal green turtle

skin to provide a basis for comparison with fibro-
papillomas. Normal skin has a relatively thin epi-
dermis four to seven cells thick (Fig. 7). Epithelial
cefls are 1lattened at the surface, nuclei become pyk-
notic and are lost. and cells become covered with
a laver of keratin-like material approximately one-
to two-thirds the thickness of the cell laver. The skin
surface pattern varies from smooth to spiked. In
normal skin. the epidermis is separated rom der-
mis by a basement membrane adjacent to which the
dermis is organized into a thin layer corresponding
to the papillary layer of mammals. Occasional pap-
illary projections into the epidermis are seen. The
papillary layer consists of thin collagenous bundles,
small mononuclear cells, small blood vessels, and
chromatophores. Below the papillary layer, the
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Fig. 5. Lungs from a juvenile green wurtle, Chelonia mydas, with extensive cutaneous fibropapillomatosis. Multiple
nodules ranging from 0.2 10 5 cm in diameter are found in both lungs. Pulmonary nodules are well demarcated, smooth.
and cither firm and white. or gelatinous and translucent. Masses arising deep within the fung parenchyma bulge from
the surlace while those originating near the pleural surface appear pedunculated. Gelatinous translucent (myxoma-
tous) nodules (arrow) appear to arise from firm white {fibromatous) nodules.

reticular layer consists of large collagen bundles. fi-
broblasts, and blood vessels (13).

Histologic descriptions of cutaneous GTFP ap-
pear in several publications (6-9,13,16,17.19-21).
The characteristic description ot cutaneous GTFP
is that of papillary epidermal hyperplasia supported
on broad (ibrovascular stromal stalks (Fig. 8). The
ratio ol epidermal to dermal proliferation varies
among lesions. Lesions that are comprised primar-
tly ot proliferating epidermis with little or no un-

derlying dermal involvement are properly called
papillomas while those lesions predominantly com-
prised of proliferating dermal components with rel-
atively normal epidermis are called fibromas (Fig. 9).
Those masses in which both tissues are hyperplastic
are termed fibropapillomas (Fig. 8). Several authors
have postulated that there is a developmental progres-
sion from papilloma (early lesions) through libro-
papilloma to fibroma (chronic lesions) (6.8.13).
Orthokeratotic hvperkeratosis was observed in
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Fie. 6. Kidnevs from a juvenile green wrtle. Chelonia mydas. with extensive cutaneous fibropapillomatosis. Multi-
ple irregularly shaped tirm white nodules (arrows) ranging trom 0.5 10 3 cm in diameter are found in both kidneys.
Although well demarcated from renal parenchyma. the nodules often extend into the tibrous siroma of the kidney.

all studies and ranged from none to marked in dif-
ferent fibropapilloma sections (6-9,13,16.17,20,21).
Epithelial cells in hyperplastic areas tend to be hy-
pertrophied (13.16). The degree of epidermal hy-
perplasia in GTFP varies from mild to moderate

(7-15 cells thick) on skin to extensive (up 1o 30 cells
thick) on some conjunctival and palpebral masses
(13.16). Fibropapillomas with extensive epithelial
hyperplasia often exhibit anastomosing rete ridges
extending deep into the dermis.
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Fig. 7. Normal skin from a green turtle, Chelonia mydas. The epidermis is four to seven cells thick and covered by
a thin keratinized layer corresponding to the stratum corneum. The dermis is organized into a thin papillary laver
{p) consisting of thin collagen bundles, small mononuclear cells. small blood vessels, and chromatophores and a reticular
layer (r) consisting of large collagen bundles, fibroblasts, and blood vessels. H&E., original magnification x 160. (Re-

printed with permission from [13].)

The fibrovascular stroma contains numerous
well-differentiated fibroblasts arranged in a ground
substance containing compact bundles of collagen
iibers. Fibroblasts and collagen bundles tend to be

haphazardly arranged. are more numerous than in
normal dermis. and are denser near the basement
membrane (13.16). Various amounts of collagen
and mucopolysaccharide ground substance have

Fig. 8. Fibropapilloma trom a green turtle. Chelonia nvdas. showing typical arborizing pattern of papillary epider-
mal hyperplasia supported by ftibrovascular stroma. H&E. original magnification x 35.
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Fig. 9. Fibroma from a green turtle. Chefonia mydas. showing extensively proliferating dermal component covered
by mildly hyperplastic epidermis. Only a smal! fraction of the ribrovascuiar component of this mass is shown. H&E,

original magnification x 7.

peen demonstrated in cutaneous tumors by tri-
chrome and alcian blue staining (17). Nerves and
numerous small blood vessels are tound within the
stroma. FFibropapillomas examined in several stud-
ies show no malignant or anaplasuc changes and
Tew mitotic rigures (7.19).

in what they interpreted as the carliest lesions.
Jacobson et al. (13) observed epidermal hyperpia-
sia and multifocal areas ot ballooning degeneration
in the stratum basale (Fig. 10). The papillary layer
of the dermis consisted of numerous fibroblasts and
compact bundles ot collagen fibers, and perivascu-
lar cuifs of lvmphocvies and plasma cells were seen
throughout the dermis.

Differences in tumor pigmentation are due to the
distribution of melanophores within the tissues.

Righly pigmented masses contained diffusely dis-

tributed melanophores within the dermis and be-
tween epidermal cells. {n addition, melanophores
accompany blood vessels within the masses and im-
part a grev-black streaky appearance to the stroma
of some lesions even if the epithelium is unpig-
mented (7).

Brooks. Ginn, Miller, Bramson, and Jacobson
(16) described a series of fibropapillomas from tour
eves of three juvenile green turtles from the Flor-
ida Keys. Masses arose from the cornea, limbus,
vonjunctiva. or mucocutaneous junction ot the eye-
lids. Evelid. conjunctival. and limbal masses tended

to be poivpoid or pedunculated with a high degree
ol arborization while corneal lesions examjned from
two eves tended to be sessile and mulunodular. His-
tologicaily, ocular masses were typicat ot cutaneous
GTFP. composed of hyperplastic epithelium over-
ivine a wetl-vascularized librous stroma.-Epithelial
tvpes that were observed in various lesions ranged

Yrom cornified or uncornified stratiticd squamous

epithelium to epithelia containing numerous gob-
let cells. Two corneal masses were examined and
found to have different histological patterns. One
mass had mild epidermal hyperplasia of stratified
squamous epithelium (up to 15 cells thick). Normal
corneal epithelium was gone. and the fibroblastic
mass blended with normal stroma. The second cor-
neal lesion had marked epidermal hyperplasia (up

10 40 cells thick) forming numerous endophytic

nodular masses and anastomosing cords. This le-
sion was invasive of the cornea and sclera, causing
obliteration of corneal stroma and Descemet’s
membrane. Epithelial necrosis with occasional bal-
looning degeneration of cells in the wing cell layer
were seen in some sections (16).

Other histologic features have been described in
some fibropapillomas but are not tound consis-
tently, so their significance is unclear. They may be
incidental findings. Trematode eggs surrounded by
epithelioid macrophages and multinucleate giant
veils were observed within the dermal capillaries of
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Iig. 10. Papilloma from a green turtle, Chelonia mvdas. Ballooning degenerative changes are seen in cells within the
stratum basale (arrow) in what was interpreted by Jacobson et al. (1989} as the “earliest” GTFP lesion. H&E. original
magnification x 400. (Reprinted with permission tfrom [13].)

~ome libropapillomas (6.13.16-21) (Fig. i) In
~ome lesions containing eggs. cosinophilic granu-
focvie intiltrates were also observed (20). Similar
trematode egp granulomas were observed in normal
dermis and other tissues (17.21). In some tibropap-
illoma specimens. cpithelial cells in the stratum
~pinosum and outer lavers ot ¢epidermis were hvper-
irophic and vacuolated. In these arcas. amphophihc
intranuclear inclusions were sometimes obscrved
t13.21). Lymphocytic perivascular infiltrates (Fig. 12)
were described in several studies (7.13). Clelt for-
mation at the dermal-epidermal junction (Fig. 13)
has also been noted in several tibropapillomas ex-
amined by Jacobson et al. (13). Surfaces of tumors
are colonized by a variety of bacteria. fungi. algae.
and invertebrates including mites (21). Jacobson
ctal. (18) tound eosinophilic intranuclear inclusions
containing herpesvirus-like particles within some su-
perficial cpidermal cells undergoing intracytoplas-
mic vacuolation and ballooning deceneration (Figs.
" 14-16).

The lung nodules described by Schlumberger
and Lucké (9) wére composed ol dense fibrous tis-
sue covered by ciliated columnar epithelium and
were compatible with the dermal component ot cu-
taneous masses. The renal nodules described by
Norton. Jacobson, and Sundberg (17) were sharply
demarcated from surrounding renal tissue and cov-
ered by a renal capsule at the kidney surface. Nor-
mal renal tubules were Tound scattered throughout

the prolifcrating connective tissue. Histologicallv,
these nodules were composed ot spindle-shaped
cells with ovai nuclei arranged within a matnx rang-
ing Irom regularly zrranged cosinophilic collagen
tfibers to lightly basophilic myxomatous ground
substance. These myxotibromas contained both col-
lagen and mucopolysaccharides and were indistin-
cuishable from the dermal component of cutaneous
lesions. Lung and kidney nodules examined by Ja-
cobson et al. {13) were composed ot tibrous ussue
and contained trematode eggs. Some lung nodules
examined histologically by this author demonstrate
a progression [rom myxomatous to fibromatous
ground substance as lesions mature (Figs. S and 17).

Clinical course. morhiditv. and morality

Cutaneous tibropapillomas can become large
cnough to intertere with locomotion and are easiiv
entangled in discarded line. Ocular fibropapillomas
{Fig. $) may occlude vision. and those invading the
cornea may cause secondary panophthaimitis with
destruction of the globe (16). Visceral fibromas grow
by expansion within the stroma of the affected organ
and eventually disrupt normal organ functions. Car-
diac dysfunction. buovancy problems and respiratory
compromise. hydronephrosis, and gastrointestinal
obstruction have all been observed or suspected
causes of death in atfected turtles (Herbst. personal
observation: Balazs. personal communication:
Moretti and Brown. personal communication).
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Fig. 11. GTFP. Spirorchid trematode egg lodged within
a blood ressel and engulfed within a muitinucleate mac-
rophage grang cell. H&E. original magnitication x 330.

Many green turdes with multiple cutaneous tibro-
papillomas become severely debilitated (Fig. 1).
Blood chemistries and blood cell counts of severely
affected green turtles confirm a general pattern of
debilitation (17,22). Abnormalities include non-
regenerative anemia, hypoproteinemia, electrolyte
imbalances, uremia. and elevations in liver enzvmes
{17). The cachexia may be caused by any combina-
tion of the following: inability to locate, ingest. or
digest food; excessive energy demands for growth
by proliferating tumors: increased energetic costs
for locomotion: the physiological effects of certain
cytokines such as tumor necrosis factor, mediated
by the immune system: and/or concurrent disease
such as spirorchidiasis. Whatever the mechanism(s),
a number of animals become sufficiently debilitated
by GTFP to strand (11.23). In one rehabilitation
center about 50% of green turtles that were still alive
at stranding died despite extensive rehabilitation ef-
forts (Moretti and Brown, personal communication).

The duration and course of clinical GTFP are

Fig. 12, GTFP. Perivascuiar mononuclzar cell infitrate
is observed in many GTFP sections. H&E. uriginal mag-
mricauon x 330.

poorly understood. primarily because individual

turtles with fibropapillomas ol known duratioh - °

have not been available for longitudinal studies. A =
few green turtles have been held in captivity long” -
enough to provide some generalizations about the
clinical course of the disease. Jacobson et al. (13)
held six immature turtles with multiple cutaneous
GTFP in captivity for several months. Some tumors
on some animals decreased in size while others in-
creased in some animals when examined 4 months
after capture. Ehrhart et al. maintained three green
turtles with GTFEP in captivity for approximately
3 months (14,15). During that time one animal lost
several tumors. a second gained eight new tumors,
and the third exhibited no changes. In these hold-
ing experiments, the length of time that the animals
had the disease prior to capture is unknown. Field
mark and recapture studies also indicate a variable
clinical course. In these studies recapture rates are
generally low and there is no control over the time
interval between capture and recapture. For exam-
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Fig. 13. GTFP. Cleft formation at the dermo-epidermal
junction. There is separation ol the epidermis from the
uperficial dermis and eosinophilic material accumulated
within the clelt. H&E. original magnilication x 387.

ple. of 36 green turtles recaptured in the Indian
River. 7% had tumors when rirst marked but had
none at recapture, 14% contracted tumors between
first capture and recapture, 38% had lesions both
times. wvhile 41% were free of lesions both times
(15). Ti:>se data, while limited in number, support
the conclusion that the clinical course is prolonged
and that some individuals may spontaneously re-
cover from disease. Studies ol the temporal patterns
ol progression and regression ol experimentally
transmitted GTFP in captive turtles are needed.

EPIZOOTIOLOGY

Epizootiology is the study of the temporal and
spatial patterns of disease expression in animal pop-
ulations and includes etforts to identify etiology,
describe incidence and prevalence, morbidity and
mortality, routes ot natural exposure or transmis-
sion, and the conditions that lead to disease out-
breaks (epizootics). The number of turtles that
develop GTFP in the wild over time (incidence) and
the proportion of aftected turtles that develop se-
vere disease and die (morbidity and mortality) are
unknown. These data are desperately needed if we

are to understand the full demographic impact of
GTFP on wild turde populations.

Epizootiologic studies of GTFP are hampered
by several factors. First, there are no diagnostic tests
to detect exposure and early (preclinical) disease be-
cause the etiologic agents(s) has not been identitied.
Thus all prevalence data are based on observation
of gross cutaneous tumors. Second. because green
turtles are migratory and long lived, taking between
20 and 50 years to reach sexual maturity (24-26),
it is difficult to sample certain life history stages
such as the posthatching pelagic phase, and it is im-
possible to conduct longitudinal studies of cohorts.
Third. attempts to correlate disease prevalence with
assorted biotic and abiotic factors are limited by the
geographic scale over which field surveys need to
be conducted. In most areas of the world, turtle
populations are monitored poorly due to limited hu-
man and financial resources. Consequently, surveil-
lance for GTFP and monitoring of potentially
relevant biotic and abiotic factors has been limited:

Finally, even in well-monitored sites, sampling
methodologies introduce biases that affect preva-
lence estimates. Most field studies are conducted on
teeding grounds or nesting beaches: therefore. itis
not surprising that postpelagic juveniles and adult
lemales are overrepresented in the prevalence esii-
mates. Nesting beach surveys underestimate the true
prevalence of GTFP in adult females because de-
bilitated turiles are less likely 1o nest and are there-
Yore not sampled (3). Field survevs and tisheries that
employ tangle nets tend to select for larger turiles
because the small turtles are not caught in the mesh.
Surveys based on stranded sea turtles may overesti-
mate the prevalence of severe debilitating disease.
Cold stunning events and sampling methods that
use direct in-water captures provide the least biased
population samples. The reader is asked to keep
these caveats in mind when evaluating the informa-
tion presented below.

Geographic distribution

Fibropapillomatosis in green turtles has been re-
ported from around the world (Fig. t8). including
the Atlantic (Florida. Bahamas, Brazil), the Carib-
bean {Cayman Islands, Puerto Rico, Virgin Islands,
Barbados, Venezuela, Colombia, Nicaragua, Costa
Rica, Panama, Belize), and indo-Pacific (Califor-
nia. Hawaii, Australia, Sri-Lanka, Sevchelles,
Sarawak, Malaya, Japan) (5.10.11.13.19,27-30.
Karen Bjorndal and Alan Bolten, University of
Florida, Gainesville, FL 32611, personal commu-
nication: Jean Mortimer, University of Florida.
Gainesville, FL 32611. personal communication:
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ﬁz 15. Viral particles in a GTFP. Low magnification electron micrograph showing lmranucleat [{}) and iniracyto-
plasmic {C) viral particles within epidermal cells. Ormnal magmhcauon x 29.575. (Repnnled with permlsston from [18).5.

(\nthna Lageaux.; l.;mversuv of Flonda Gaines-

ville, FE 32611 —personal comimunication: Anne’

\Icvlan Flonda Marine Research Institute, St: Pe-
lersbure FE 3370] personal eommumcauon)

" There’ are msult'cwnt datato- reconstruct the tem-_
. _poral and spaual pattern.of dlsease spread among
e reglons The early reports from Florida. (7) and Ma-

" taysia(10) Suggest thai the disease may have always
"-had a worldvnde albelt sporadic dlstnbuuon.

:Prey_:lences . :

 The prevalence of GTFP varies ai'hong locations
and from year_to year. Tablé 1 summanzes the
avzulab]e prevalernce dala from several field stud-
Jes. A survev conducted by Smith and Coates i n
1938 1unres captured-in the Key West, Florida
ind '_low prevalence (. 5%) ('l) Most
population'momto:mg. however, has been- -con-
ducted since 1975. Momlonng in most areas prior
to 1982 found littlé or no disease, but then preva-
lenc_es 105€ rapidly in the 1980s and have remained
high. This may retlect in part an increased aware-

_ ness of the disease, but miost probably reflects an

increase in the prevalence and severity of GTFP
over time.

Prevalences in well-manitored feeding ground- -
sites range from 0%:in: (5 ahamas (Bjorn-
dal and Bolten, personaI ommumcauon) Bermuda
(\levlan personal cbfnmhm C

Hawau (ID Large dlffér_
demoaraphlcalh mau:h

appears ©
lences with i
peafs tobéa posmve as;omauon between human :
-activity (agnculture. mdi;stry. urban development)
-in’the catchmient aied of neéar:shore waters and -
GTFP prevalencc. althUQh the information on hu-
man impacts in most-areas is limited and anecdotal.
Prevalence data from other species with fibro-
papilloma-like lesions are scant. Adult. fémale ol-
ive ridley sea lurtlcs nesnng at Playa Nacite and’
Playa Ostional, Costd Rica; -have 3 very low preva-
fence of tibropapllloma-like lesions (Chaves. personal .

atioh), and olfshore: R
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Fig. 16. Viral particles in a-GTFP. High maaniﬁcﬁlibn electron micrograph of raature particles with typical herpes-
virus moiphology within the uloplasm of an epidermal cell. Original magnification x 91 978

. (Reprinted with per-
mission from (138].) '

Fig. 17. Pulmonarv nodulc from a grecn turtle, C heloma mydas. Thls secuon |llu5lmles the transition from collag-

- cnous extracellular marrix in‘a fibrous nodule (F)-1o a more myxomatous e'ﬂracellular matrix in an adjacent myxoma
i (M). H&E. original magnitication % 3
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LoH. Herb

Fig. 18 Giobat d;saasbutmrs of GTFP. i oeatities where GTEP bas been repuried ds‘t mar ked b block dos. Aiﬁwug&
monitoring i sporadic in most aress, GTFP has been reported Frosm £vRy WmRjor os:mn bagin i sn wivich groen tursdes,

Chefonin mydos, are found,

Lommummzwm Jt.we:mie fmd aduit Eaggmheads
sampled by mawam caprure iy *Ei(;uda Bay have

abouta 7% prevaimce of i bmg}amiiemavizke lesions
iSchroeder, personal wmmumcatmm while inthe

indian River only two. iegg&rh&atﬁs wuh ﬁbrop‘ap»
itfomas have ever bcen caughs out of hundreds net-
red sinve 39‘82 {Ehrhars ;ws‘semi c\ommumcauen}

Seawnaie!y
. Thereisa seasanai 4t

{Wendy Teas, Saume:asi Fisheries Scigiiwe € enter,
NRFS, Miami, F1. 33148, gzerssma} uommumcm:s}m.,

Asnecdoial reports mdxcate that DIMOFS grow rapidly

tn summer and are qumcem i the. wintgy in re-
SPONSE 1o waker: mnm:ramm {Mmem and Bmwm
personat commnmmmn} T fius amiors mga) Zrow

rapidly in summet waét WaCNY: wa:er tem;&eramres
and may! ‘reank asize! zhaz is deti xmmg by autuny.
The onset of coiﬁcr water temperatisres in winter
may further strm G’IF? affected turtles suffi-
ciently m aauw the wmter Siranémg pe&k

Demograpmc dmﬁbmmn '

GTFP apmarz 6 affect cenasa age and size

clasees of vertles more than otiers. GTEFP & rareé (0~
2%} among nesting adult females and lesions wad

n'the y?févaiéﬁié of
. _(.r TFP amiong sitanded: grien zmk:s i Fiomia 'Mth :
-snore affected turdes simadmg i the witet-months

w be fomi and msizﬁ { B&ia».s. ;}cs‘sonaﬁ mmmsmxca~
tibn: Ehrhart, pess aﬁai cs:xmmsxmmzwm ahhmxg&a '

‘thest are underpstitiates of me e mem aiem:e f

the adul :x;pu%aiﬁon {oee abover. In Hawatian fedd-

mz zrozmé &ites, mzmneémm—med mnicq Mi}aﬁk{}f T

CHE CArADACE: knz&h} wefe RO commcmiv wnd most

~<a_vew£y azzectediii} hhrhar@{iq} msﬁ%hweﬁa-

haw: (“'i?? fid me ihseasc was WOFE SEYETE ih&m; .
inlargeror smaﬁef sz"
stranded-turtles dn i’kmd:a’ 3-28%% wre bctwem 3%
and 69.9 om carapace Eem{i‘s {Teas, psssassai c0m~
mmmalstm} Fow pelagic ;uvemig green tovtles. hs.v

‘ever heen ewsammeti to provide any insight aﬁx)m

this life history stage. However, the consesus i

thar GTFP develops after mvemies have migrated”

ints near-share watefs, Juvenile green tertlec s -
near~shote :eedmg grounds after 2-5 years @ af fre-
tagic existenice, Newly arvived juveniles are récog-
riized by thexr sinall vze (<4Gem straxgm CATAPACE -
ieng&h, ~5 ’kg wezghi) and the lack of f:;::s‘%zmm {ab
gL bfy(szcans feschies, eic.) on thelf carapaces 88
seen wplder resident turtles (5,153, GTFP ks never
been observed in soy.of these néw arrivads (5, 15,35
Although small green nrties <3 ¥y are under-
sepwesenied in el Surveys. 145 cold-sunnsd tarties

lasses 35}, Siitlarty, among o
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were collected in the Mosquito Lagoon, Florida, in

1985 and provided a relatively unbiased sample:of'

the juvenile turtle population (34). Twenty-elght

"percent of the cold-stunned turtles in this sample
“Were recent recruits (<5 kg), and none of these tur-

" tlestiad GTFP even though the prevalence of GTFP
' rn the overal] sample was 29%. - :
" There' are several explanatlons for the lack of

- -clinical GTFP among smalt )uvemle green turtles
*that have- recently lmmrgrated to riear-shore feed- -

E?mg grounds from the pelagrc environment. One is

* thatvaffectéd pelagrc stagé juveniles do not survive

long enough to récruit to- feedmg grounds. Survr-'
* -vorship of healthy turtles through the 2-5 years of
© pelagic existence is already so low that it is unlikely
" that diseased turiles would survive. “The observauon

~ thar postpe!agrc stage juVenlles develop the dnsease _

in near-shore feeding grounds can be explamed by
WO hypotheses Oiie hypothesns is that while expo-
“sute to the etnolognc agent(s) takes place'in the pe-
- lagic: zone, the' disedse has alonglatent penod that
- results in clinical drsease developmg only i in older
juveniles after they have migrated to neritic feed-
ing grouinds. The second hypothe5|s is that exposure
~to the etlologrc agent(s) occurs after juvemles are
: 'recrutted to nea"‘ shore f '

":"'objectrve dOCumentatto _
“heedéed, ‘there is'a suggat _ that envrronmental
- * degradation may play a role’in’ diséase éxpression.

i g grounds The wnde . fr

' and propose mcchanfsms and tdent_lfy factors that

uman impacts is _
plished with di

407

Factors in certain marine environments may pro-
vide conditions adequate for enther infectious or
noninfectious disease. Certarn sedlment types may
accumulate chemncal contammants and combined
wtth Iow ﬂushlng rates could increase the level of :

'CXDOSUI’C to chermcal carcmogens or lmmunotox~

ins. More vanable water. temperatures in shallow

,embayments could affect the rate of t' bropapnlloma'
__proliferation, pathogen reph_ ‘uon. immune system
function, arid/or toxin metabolrsm For example, - 3¢

thermal stress has been stiown to exacerbate herpes-

‘virus mfectton in hatchlmg green turtles (35,36). -

Some sites may provnde an Optrmum btouc and abi-
otic envnronment for survival and-transtiission of

> an mfecuous euologtc agenr Dlsease tr;ﬁrsmlssron

would be enhanced by h:gh pOpulauon dbnsmes of
vectors or mtermedtate host species, sediment types
favoring pathogen survwal outslde the host, and
low ﬂushmg fates. Some marine sifes may attract
a hlgh densnty of suscepttble turtles .which would
facilitate the. tranmusslon of pathogens in adensity
dependent l‘ashlon. as has been shown for horizon-

tally transmitted damsemsh neurot' bromatosis (37)

and the herpesturus of Lucké” s renal adenocarci-
noma (38 39) ln addrtion. congregauon of turtles
' ‘I,_Sreedtng Stocks mto common

diseasés, mcludmg GTFP : Flnallv, it sofne marine

habltats. gteen: turtles may bé réndered*more sus-

the etrology of
and 2 eomparatwe pa-

dlsease occur ence wnhm and among populattons,

ar dlsease processes.
.sh a 1|st or potermal ett—

rites hgdrous expenmentauon to I’uI-
fill Kochi’s postutdtes. This is most easily accom-
ases caused by infectious agents. -
However, disease’ expressior\ may dépend on a vanety 1 '

:compatible ap: -

ists study the patterns of -



- sive and prohferauon ceases when the mcttmg sttm-

o and pathogenesrs of GT FP.
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of host related, pathogen-related and environmen-
tal factors (40, 4l) Fulfillment of Koch (3 postulates
.'for a neoplastrc dlsease. which may, be caused by
a smgle agent or by a complex |nteract|on of. mul-

uple etlologlc agents, may be mpossnble The cn- :
‘teria for ml‘emng etiology based on epndemtologrc i

o assocrattons are discussed in detml by Foster. Bern-
' “stein, and Huber (42),. .
~ Histologically, GTFP ts charactenzed by bemgn
"prolrferatton of eptdermal cells and well-dtl‘ feren-
uated dermal ﬁbroblasts Thus GTFP has leatures
' '_ln common wnth bemgn prohferattve skin Iestons
found in other vertebrates such as paptllomas. ﬁ-
_ brornas (43), and aberrant wound healing. phenomena
"such as kelordos|s (44) and ‘exuberant granulatton

o ~ tissue (45) Consequently, without knowmg theetj-.

ology and pathogenesns of the, Ieston it is difficult
to classify GTFP as elther a neoplasttc or hyperplas-

' tic condtuon (46). Neoplasla. by definition, mvolves ‘

a permanent change in the cell S genotype leadmg
to relatwely unregulated proltferatton and cltl‘ fer-
_entiation. Hyperplasia, on the other hand, repre-
sents a prohferatton of normal ttssue beyond the

~ usual amount for a site, but the hyperplasttc ceils
N are genotyp|cally normal and are respondmg to

. 'ulr are removed “n. . -
' The general result of demdﬁ Of research mto the

. ;etnology for any particular type of proltferatwe le-"

N | sion may “be difficult if. not’ rmpossrble. Potenttal_
o _,‘causes of . neop_lasuc and hyperplasttc proltl'erattve'

" “lesions.in other vertebraie spécies include abiot

_ '_'.agents lultravtolet light, chemical’ contammants)

tous btologtcal agents (viruses, bacte

_heritable genetic condtttons The l‘ollowmg sectiol

T review and dtscuss evrdence for or agatnst the in-

: _';,_tnc transformauon (50) Thus, ldenulymg a smgle

_ métazoan parasttes). with or’ wnthout predtsposmg

L.H. H'erbst -

Eh ieii'oifrnen'l'dl. Jactors

Ullrawolel Ilgh( Smtth and Coates (7) were the

. l“ rst-to. suggest a ‘role’ for solar radiation in the

pathogeneSts of GTFP Fifty years later there is
mountmg concern that ozone depletton is causing,

. ‘3‘.“ mcrease in. ultravtolet-B (290-320.nm) lrrad|a- L
- 1ion ($1) and that this may be having pervasiveef-. .-

. aquattc ecosystems (52) and on animal - .
health (53). UV-B produces direct DNAdamageby -
\pynmtdme d:mer formation (54) Thls may lead to - -
mutauon in cellular oncogenes and the developmént - .
ol' neoplasta (55). UV-B also causes: immunosup- .
,presston in expenmenta] animals (56-59). The'pro--

pased. rnechamsm mvolves pyndine dlmer formation.

'.(60 61) and/or a trans to cis isomerization of uro- -
“canig acid'in the skin l'ollowmg UV-B absorptron_
:(59,62). For éxample; trout exposed to levels 6f UV:B'

radiauon wnthm the ambrent range recorded for-' |
mtdlatttudes developed sktn damage and'became.
mmunosuppressed ag evndenced by a. high inci- -

. dence of ftmgal skin mfecuons (63).

lncreased UV-B exposure could occur in the:
shallow mshore waters where green |urtles feed.

. However, GTFP prevalenee vanes too greatly overf -

ﬁhtnrepltheltal.prollferatron and to have mutagemc"_ :
and properties underi b, -

.....

naturally occn.lrnng neoplasttc dtsease of loWer ver- .
‘tebrates has been documented bestiin fish. The prev-

alence ol‘ liver, pathology. mcludmg lwer neoplasra_
Cin brmvn bullheads Ictalirus nebulosus ‘was higher
-at eotttammated sttes than at relatwely clean sites.

al Morth American lakes and rivers (66-68).
2AS ._‘prevalenee was. correlated with contaminant

in_fish in one study (67) and wuh sediment
\ another (66) Neoplastic, lesions were in--

'volvement of each of these factors.in the ettology duced expcnmenlally by Ireating bullheads with

L sedtment extracts {66). Stmtlar assoctauons between

ag leadms t.g .génesic mutauon tinltlators) and (2) T
l!u nmtauon leadmg( lmprohfera- Sl
:As mentloned carlier, chemtcal_:’ o
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hepatic neoplasia, polluted sites, and sediment con-
taminant concentrations have been found for mum-

michogs, Fundulus heteroclitus, in Chesapeake Bay

(69) and various bottom fish in Puget Sound (70).

" A similar association has been found between con-

taminated sites, in vitro mutagenesis of water and

.-} sediment extracts from those sites, and the preva-
_ lence of pigment cell’ neoplasm (Chromatopho-
romas) in croakers, Nrbea mitsukurii (71,72). In

addmon expenmental appllcatlon of chemical car-
_cinogens ehctted the tumors in these fish. In most-
“of these studles, polycychc aromatic hydrocarbon
» (PAH) concentratron was a major factor in the as-

sociation between disease prevalence with contam-
inant levels. Srmllarly, PAHs have been implicated

in the pathogenesis of cutaneous neoplasia in tiger

salamanders. Ambystoma ugrmum. ‘from a pol-

luted pond (73,74). Cutaneous papillomas have

been experimentally induced in lizards, Lacerta
agilis, with dimethyl benzanthracene (75).

. Chemical contaminants may-also play a role in
the, pathogenesls of certain ne0plast1c diseases by
disrupting immune functtons that would otherwise
allow the host to eliminate transformed cells. The
effects of various immunotoxins have been reviewed

~ by Dean, Cornacoff, and. Luster (76) The effects
‘of various chemtcal compounds onimmune function
in fish hasalso been revnewed (77—79) and experimen-
wally demonstrated in some specres (80). Contami-
nants may also dlsrupt the immune system indirectly’
by dlsrupung neuroendocnne funct|ons (8.
' The role of chemlcal contammants in GTFPis

unknown Asmentroned prevnously, prevalence data
from some t|eld studles suggest that hlgh GTFP

- prevalence is assoc ed’ wnth marme habltats that"'

ers where GTFP is less prevalent Stmllarly. data on’

contaminant levels in green turtle tissues-are scant

(82-87). While Hall, Behsle, and Sileo (84) l‘ound_-'

sngmﬁcant amounts of hydrocarbons in two green

' ‘turtles that stranded after a major oil spill, most sur-
veys of organochlorme and polychlormated b|phe-_
“nyl residues in. green turtle tlssues mcludlng muscle

and liver (85). Itver and fat (86); liver, kidney, and

fat (87); and . eges (82, 83) have ytelded relatively low’

levels, often below the hrmts of detectlon of the
methods '

There are many problems when trymg torelate’
contaminant levels to disease prevalence. First, the~

biologic ef fect (toxtcnty) of any particular residue

409

level in green turtles is unknown. Second, surveys
of residue levels are usually limited to those chem-
icals that persist in the environment or bioaccumu-
late, while a particular toxic effect such as genetic

- damage, in a multistage carcinogenesis model, can

result from transient exposures. Thus, exposure to
a potent chemical carcinogen may occur transiently
in a completely different habitat from that being

"monitored. Third, toxic effécts may not be direct

as in some experimental models but may involve
‘complex interactions with other abiotic and biotic
factors. Thus, fulﬁlhng the criteria for lmphcatlng
chémical contaminants as primary. ettology of GTFP
or as cofactor could be-extremely difficult (42).
Nevertheless, there is a need to conduct. further tox-
icological studies. Specifically, there is a. -need to col-
lect data on the water, sediment, and: turtle tissue

"burdens of several classes of chernical contaminants

(including known chemical carcinogens and immu-
‘notoxins). from several carefully matched marine
sites with different prevalences of disease. In addi-

_tion, ¢ontrolled experiments involving exposure of

turtles to water or sediment extracts from high and’

‘low préevalence.areas will be necessary in order to

clearly demonstrate a-contaminant effect in the eti-
ology and pathogenesrs of this disease.

Infecuous dcsease

The eplzoouologrc pattcrns observed among free-
ranzmg green-turtle populations mcludmg the sud-

~ - den appearance of GTFP at new zeographlc sites,

vidriation in prevalence over. relatlvelv short dis-

" tances; and temporal variation wnthma locality are-

xompatrble with an infectious etiology. The obser-

vatron that some ammals recover from GTFP is also
compattble wnth an infectious disease. In addrtlon. '

‘the most plausnble explanatlon for the appearance

: and spread of GTEP. among captive green. turtles

is that an infectious agent is the primary. cause of

" GTFP:'A GTFP outbreak documented at Cayman
‘Turtle Farm, Grand Cayman, in 1980 began in wild

-¢aught adults and subsequently developed in cap-

~ tivereared turtles over several years. Once elimi-

‘nated, GTFP has not recurred at Cayman Turtle
Farim' despité little change in husbandry conditions
(12;13). A similar outbreak occurred in a head start-
'ing facility in the Florida keys among 2-year-old
captive reared green turtles that had been held in
a pond where GTFP-affected turtles were rehabil-

* itated and possibly had diréct contact with affected

turtles (88). _
" Viruses. A number of virus families (Papova-
‘viridae, Herpesviridae, Adenoviridae, Poxviridae,
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Retroviridae) are known to induce prolifera_t_ive
and/or neoplastic lesions. Papillomiaviruses (papo_-
.vaviridae) are the documented cause of papil_loma;,'
fibromas, and fibropapillomas.in many mamma-
lian and avian species.(89).and are associated with

_ mahgnant neoplasia as well (90,91). Among rep- -

tiles, a papillomavirus has-been described from a
‘hyperplastic skin lesion of five Bolivian side-necked

turtles, Platemys platycephala (92), and papovavirus-.

like particles have been observed in papillomas of

:green Ilzards, Lacerta viridis (93,94), A polyoma-'_

virus (papovaviridae) of hamsters. produces benign
" cutaneousneoplasia in these rodents (95), but other

polyomaviruses of rodents and primates do not pro-.
duce diseasein their natural hosts (96). Herpesviruses
- . have. been associated with cutaneous papillomas

-and/or fibromas in green lizards, Lacerta viridis.

(93);-african elephants, Loxodonta africana (97); .

"carp, Cyprinus carpio (98, 99); and'several salmo-
- nids (100-104). Poxviruses are responsible for fibro-
epithelial prohferatrve lesions in. sqmrrels (105,106),

] rabbrts(107 108), and prrmates(109) Retrovrruses .

have been associated with or proven-the cause of

dermal sarcomas_ in walleyes, Stizostedion vitreum.
- (110); lip fibromas in angelfish (111); neurofibro- -

mas in damselfish, Pormacentrus partitus (112);.and

tibromas and sarcoriias ina varieiy of mammalian.

. species: including cats (113, 114) and primates
“(115,116).- The molecular mechanisms. of virus-

: ;rnduced prohferatron and oncogenesis vary, but all. '
LA some way. disrupt:the eells’; signal transducuon‘_

o ne&work (17-119): ‘Certaigi viruses: ‘produce. pro-.

- :-prOtem. polyomavu'us T-antigen, and paptlloma-

- gicus BF target'the. cell cycle comrol protein pRB

“(retinoblastoma: gene productl Poxviruses may

- . produce epidermal.growth factor (EGF)-like pep-
. tidés(123), and a retrovirus (simian sarcoma virus) .

¢ ;- produces arPDGF-lrke peptide (sis) (1 17) Certarn

RN herpesvrruses may express a protein: (nbonucleonde
- reductase) with protein kinase activity smular tore-.

: eeptor kinases (124).

Hrstologrc Evidence for Viruses. The penvascu- .

lar lymphocytic infiltrates observed in some GTFPs

are consistent with, although not specific for, virus.

infection. Smith and Coates (7) failed to find virus-
‘like inclusions within the tumors that they exam-
ined. Jacobson et al. (13) examined tumors from six

"-jtems thal bmd lo and acuvate cellular receptors or B
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turtles from Florida and one turtle from Hawaii by
light and electron microscopy. In some sections,

cells in the stratum spinosum and outer layers of the
eprdermrs were hypertrophlc and vacuolated, and
amphophilic intranuclear inclusion bodies sugges-
tive of herpesvirus infection were occasionally seen.

Ultrastructural examination revealed mild acantho-
sis (three o srx cells tluck) and rntracy!oplasmrc vac-
uoles contammg 150-170 nm diameter granules of
varying electron densities were described within the
superl' cial epldermrs but not identified (13). Aguirre,

Balazs, Zrmmerman and Spraker(Zl)descnbed ba-
sophilic intranuclear inclusions in several lesions

that they suspected to be nucleoli but also consid-

ered compatible with viral mclusnons However, vi-
ral particles were not found within these inclusions
when examined by electron microscopy. They also
observed intracytoplasmic electron dense granules
approximately 150 nm in diameter that were mor-
phologically similar to viral particles. These, however,

were found in boih normal and GTFP epithelium.

These intracytoplasmic granules are now generally
accepted 1o be mucin granules that are produced
and secreted by normal turtle keratinocytes as they

differentiate (13,21,125)..

- A herpesvirus has been corclusively demion- -

s strated in some ﬁbropdpillomas taken from two ju-

venile green ‘turtles housed'in the same rehabilitation
facrluy in the Florida Keys (18): In 3 fibropapillo-
mas exammed from one turtle and'1 of 14 tumors
e'(ammed from a 'second turrle focal areas of bal-
loomng degenerauon of supemcral epithelium were

rt'ound to comam eosmophrhc rmranuclear inclu-
. .sxons (F’g 14). Electro ;mlcroscopy (Figs.. lS and.

emonslrated the presence of parucles within

ad- s he_ nucleus conlormmg in size and morphology '
o eROVIFUSS ElB*prmem and- the paprllbn;avr fus. E6.

A prozem ‘bind--and inactivate cell cycle checkporm{
“~protein p53 (117;119): Similarly;: adenovlrus EIA

_(rcosahedral 77-90 nm- dlameter) with immature
_ herpemrus and mtracytoplasmrc particles conformi- -
ing with mature enveloped herpesvrrus (110-120 nm

dlameler) Thrs agent was not successlullv isolated

-and: cultured

Molecular Evrdence lor Viruses. Jaeobson etal.
(l3). in their survey of l“ bropaprllomas from one
Hawaiian and six Flonda green ‘turtles, examined
paraffin embedded sections’ for the presence of pap- .
|llomavrrus group-specrl" c structural antigens using
peroxrdase—anuperoxrdase immunohistochemistry.

Total DNA extracted from portions of these same

tUmOrs was probed under low stnngencv conditions
with bovine paprllomavu'us type 2 virion DNA. Fi-
nally, a reverse Southem blot was performed in
which radiolabeled tumor DNA from two turtles
was allowed 10 hvbndrze with blots containing 25
different cloned papillomavirus genomes {6 bovine.
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7 human, and dog, rabbit, coyote, mouse, rat, and
parrot papillomaviruses). These screenings for pap-
illomavirus yielded negative results (13). Similarly,
Marc Van Ranst (Einstein Medical College, Bronx,
New York, personal communication) performed
low stringency southern blot analysis on DNA ex-
tracts of {1 tumors collected from a single imma-
ture green turtle from the Florida Keys. Probes
included full genomic DNA from human papillo-
maviruses HPV-1, HPV-2, and HPV-S, bovine
papillomavirus BPV-1, canine oral papillomavirus,
and pygmy chimpanzee papillomavirus PCPV-{.
Results were negative.

Preliminary experiments have also been con-
ducted using the polymerase chain reaction (PCR)
and degenerate PCR primers tor conserved se-
quences in the El and L1 mammalian papilloma vi-
rus genes. These primers failed to amplify any
sequences in 11 GTFP biopsies from one green tur-
tle (Van Ranst, personal communication).

Experimental Evidence for Viruses. The most
direct way to demonstrate the infectious nature of
a neoplastic disease is to conduct transmission stud-
ies with cell-free preparations of tumor tissue. Re-
cently, Herbst, Jacobson, Moretti, Brown, and
Klein (126.127) demonstrated that fibropapillomas
can be produced in experimenztal turtles by inject-
ing cell-free homogenates of cutaneous green tur-
tle fibropapillomas. Four replicate transmission
experiments were set up using a separate wild caught
GTFP affected donor and four unexposed captive-
reared vearling green turtles for each replicate.
GTFP homogenates were inoculated by intradermal
injection or skin scarification into several anatomic
sites on each recipient. Sham treated sites received
sterile saline inoculations. In addition, four captive-
reared turtles were kept as untreated controls, Fibro-
papillomas developed at one or more inoculation
sites in turtles from three replicate transmission ex-
periments. Transmission was successful with both
0.45 pm filtered and untiltered homogenates. in the
fourth replicate experiment and in the control
group, no tumors developed atter 6 months of ob-
servation. Histologic findings within experimental
lesions were consistent with GTFP. These limited
experimental resuilts suggest that a subcellular in-
fectious agent is present within some fibropapillo-
mas at some stage in their development and is the
etiology of GTFP.

Assessment of the Evidence for a Viral Etiol-
ogy. Surveys of fibropapilloma biopsy specimens
by light and electron microscopy for virus particles,
bv antibody and nucleic acid probes for viral anti-
gens, and viral DNA have been limited and largely
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unsuccessful. With the exception of the herpesvirus
described by Jacobson et al. (18), no virus particles
have been observed in tumors and no viral antigens
or viral DNA have been associated with lesions. The
experimental evidence of Herbst et al. (126,127
provides the clearest indication that an infectious
subcellular agent, most probably a virus, is the eti-
ology of GTFP. The agent responsible for positive
expernimental transmission has not yet been identified.

The herpesvirus identified by Jacobson et al. (18)
has not been successfully isolated and cultured.
Therefore, the experiments to fulfill Koch’s postu-
lates with this agent cannot be conducted. Koch’s
postulates have been fulfilled for several herpesvirus-
induced skin tumors of fish (98,100-104). In addi-
tion, herpesviruses are the cause of other forms of
neoplasia including Marek’s disease in chickens (128),
Lucke’s renal adenocarcinoma in frogs (38,39), lym-
phoma in spider monkeys, owl monkeys, and mar-
mosets infected with Herpesvirus saimiri type 2
(129), and Burkitt’s lymphoma in humans infected
with Epstein-Barr virus (130). However, herpes-
viruses also have a propensity for colonizing tumors
and tissues of debilitated animals, and thus the as-
sociation of herpesvirus with GTFP may represent
a secondary infection. One example is the herpes-
virus that causes gray patch disease in young green
turtles, which causes similar skin lesions (acantho-
sis, hvperkeratosis. and ballooning degeneration)
(131). As a further illustration of the problem of as-
signing causation. Raynaud and Adrian (93) found
three distinct virus types in papillomas of green liz-
ards. Lacerta viridis, including herpesvirus, papova-
virus, and reovirus-like particles, whereas Cooper.
Gschmeissner, and Holt (94) found papovavirus-
like particles in one papilloma from the same spe-
cies. None of these associations can be interpreted
as causative without isolation and culture of each
agent separately followed by controlled transmis-
sion experiments,

Preliminary searches tor an association of pap-
illomavirus antigens and DNA with GTFP yielded
negative results. However, the data are insufficient
to rule out papillomavirus involvement. First, pap-
illomaviruses are extremely diverse, and it is not un-
likely that a reptilian papilloma virus would fail to
react with mammalian and avian probes and anti-
sera (132). Second, papillomavirus virion produc-
tion occurs only in the most superficial terminally
differentiated epidermal cells of a permissive host
species (133). Papilloma virus also infects nonper-
missive tissues and nonpermissive species and may
cause hyperplastic or neoplastic lesions in the ab-
sence of virion production (133,134). Equine sar-
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.. coids, for example, are fibromatous tumorsthat are

belteved to be caused by bovine papilloma virus m-
l’ectnon. Intact.or partial viral genomes are found

‘within sarcoid ﬁbroblasts as unintegrated epnsomes' '
(135-137); but infectious virion production never

. occurs: Thus. tumors could be inclusion body and

_ virus parttclc negauve and consequently, vrral_‘

structural antigen free. Third, virion production.oc-
- curs only in the most superﬁcral epithelium after a

..prepatent perlod (l38), and the productive phase
..may be very limited. Thus, hbropaptllomas may'

-vary in maturity, and when producing papilloma-

: virus particles the relevant superhc_ral keratinizing
-cpithelial cells may be lost with-minor trauma, sam-.

ple handling, and processing. Finally, the expres-
sion of many poikilothermic viral drseases may be
modulated by temperature and other environmen-

tal factors. For example, Lucké’s renal adenocar-_'

cinoma in leopard f rogs, Rana pipiens, is caused by

-a herpesvirus. lntranuclear vrral inclusion bodres

and infectious viral particles are produced in tumors
only at low environmental temperatures. (38, 39).
ngher temperatures (20-22 °C) cause the virus to
enter: a cellulolytic phase followed by a quiescent
phase in which virion, productton ceases and tumors

are not mfect\ous (39 139,140).. Slmllar processes__

may be occurrmg m green turtle, ﬁbropaplllomas
,The molecular approaches havé been lrmrted ()

paptllomavrruses Consequently, the role of onco-

. genic retraviruses: has not been mvestlgated ‘As wrth

_the. paprllomavrruses. retrovnruses may cause: neo-__

plasra wrthout ever: developtng a patent life cycle in
the host ( ll 7) ln the absence ol electron mrcroscoplc

th "urpor. lt is drfﬁcult 10 rmphcaterettovrrus_ 2

ettology. Detectlon of mtegratcd retrovrral genorn

‘green turtles. Benrgn paptllomatous lesions in the
' gallbladder of greenl turtles have been descrrbed in.
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sions however, and little inflammation is observed
within tumors unless the surtace is ulcerated. More-
over, the transmission experiments using 0.45 um
filtered tumor homogenatés rule out the involve-
ment of most bacteria species (126, 127)
Metazoan parasites. An association between
parasttes and neoplasra has been made in several
spec1es Dogs mlected with the'nematode, Spiro-
cerca lupi, which encysts in the esophagus, mayde-
velop fibrosarcoma at the site (145). Rats with
tapeworm. Cysticercus (Taema). Cysts were re-
ported to develop hepatic carcinomas with high fre:
quency (146). Schistosoma mansorii infection in
humans has been associated with bladder cancer.
The pathogenesis is associated wnh egg shedding

'(147). Studies of the pathogenesrs of Schistosoma

mansoni indicate that ﬂuke eggs antigens can elicit

a fibrotic response in the host (148-150). This phe-

nomenon has supported the hypothesns that spiror-
chid trematode eggs may induce fibromas by similar
mechanisms (46). Assocrattons of tumor with spi-
rorchid trematode eggs and marine leeches have also

led to speculatron that these organisins may be in-

volved in the etrology and ‘pathogenesis of GTFP.
. Evidence for a Metazoan Parasite Etiology. Ma-

'_nne turtles are host 10 avanety of digenetic trematode
specres At least lZspet:tes of spirorchid trematodes

have been descrrbed in the | green turtle (151). Their

" natural hrstor v is very similar to Schistosorna in that
~adult worms lnhabtt the vascular svstem and eggs
musi, mrgrate through tlssues 10 reach an outlet to
"""the_envrronment “The association of fluke egg de-
‘:posmon with f'bropaplllomatoms was tirst.noted by

€20); who found eggs ot Haplo-
ln sections ol OVCI' half of 230

..portions. of its genome sequenced Until then it ts'_ “ily

-, unlikely-that. nonspecific retrovtral probes. would’
- yield concluswe results given the ubtquny of endog- _ in any secttons ‘0f 28 tumor bropsres collected from
6 Flortda green turtles’ but epgs were present in tu-

- Bacteria. Chronic bacterral ml‘ectrons may. m- ’

- ¢nous, retrovrral sequences in vertebrates (l4l)

duce proltferatlve Iesrons in some tissues. For ex-

. ample, intracellular Campylobacler-lrke orgamsms )

are assocrated wrth proh ferative enterms in ferrets,

_hamsters, and swine 42, 143) An invasive spiro-
ehaete has. been observed in. papxllomat0us foot le- -
sions in cattle, but expenments to fulﬁll Koch” S

postulates have not yet been c0nducted (l44) Nu-
merous bacteria species have been cultured from the
_surfaces of cutaneous green turtle fibropaptllomas
{21). Bacteria are not seen within intact GTFP le-

Jacobson et al (13) dxd not find trematode ova’

mor sectlons from | Hawaiian turtle, However,

Norton et al (17) and Jacobson'et al. (18) found
_eggs in many secttons of tumors from 3 Florida tur-
tles, erhams et al, (19) found eggs in fibropapil-
loimas examined from 39 Canbbean green turtles,
and Agutrre etal. (21 found eggs in biopsy sections

_from 8 of 10 Hawanan turtles attected with GTFP.

More recently, trypsm dlgestlon of whole fibropap-
illomas’ has led to recoverv of trematode ova from

.all ﬁbropapullomas examined from both Hawaiian

‘and Florida green wurtles {(Murray Dailey, Califor-
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nia State University, Long Beach, CA 90840, per- '

sonal communication; Ellis Greiner, University of
Florida, Gainesville, FL 32610, personal commu-
nication). Thus, trematode ova are probably present
in most fibropapillomas but not always found in tis-
sue sections.

- Spirorchid trematode ova have been found in
16.0f 21 (76%) wild green turtles, 3 of 10 (33%)
oceanarium-reared green turtles, and 3 of 102 (2.9%)
*'farmied green turtles from Queensland, Australia,

‘whilethe prevalence of fibropapillomatosis was 0%

(32,153). Pathological lesions associated with egg
. deposition in tissues of sea turtles have been de-
scribed (32,153-157). Microscopically, lesions are
characterized by mononuclear cell infiltrate and
granulomatous-inflammation with Langhans giant
cells, vasculitis and perivasculitis, and fibrosis

(Fig. 11). In turtles with GTFP, such lesions. are

" found within tumors as well as in otherwise normal
tissues (17;21).

Heérbst et al. (127, 158) conducted prehmlnary
" experiments in which aliquots of 50 viable spirorchid
trematode eggs from each of 2 species (Learedius
learédii and an unidentified species) were injected
into several intradermal and subcutaneous sites in
3 recipient green turtles. Neither of these turtles de-

veloped cutaneous GTFP after more than 1 year of .

observation. While these preliminary experiments
did not vary dosages of eggs or frequencies of in-
‘jéction. the results suggest that spirorchid trema-
- tode eggs do not play a direct role in the etiology
_ of GTFP lesions. Sirilarly, in two experimental tur-
tles that developed GTFP after receiving tumor ho-
" mogenates, neither animal: was found to harbor

‘adult spirorchids ‘of ‘their eggs in. any: tissue, and
when. tumor homogendties from these.trematode- .

" frée turtles were.ised in a transmission experiment
"_""'both recipient tuftlés-developed tumors.
" " Finally, an argumeiit has been put forward that
-“external parasités may have somerole in the patho-
genesis of ‘fibropapillomatosis. Nigrelli (159) and
- ngrelll and Smith (160) found leeches, Ozobran-
‘chus branchiatus, infesting the folds of papillomas
‘and suggested that the leeches may act as vectors of
the causative agents; Most authors agree, however,
that léeches do not.cause tumors directly although
hirudinin secretion may cause some inc¢reased vas-
cularization at leech attachment sites (151,160).
"Assessment of Evidence for a Parasite Etiol-
“ogy: The significance of metazoan parasites in the
“etiology of GTFP rémains unclear. Smith and Co-
* ates (20) concluded that the trematode eggs were in-

cidental, tending to accurnulate passively in the .

microvasculature of tumiors. Similarly, other au-
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thors have also tended to discount the eggs as pri-
mary causes (13,151). On the other hand, some
authors have characterized cutaneous fibromas
from green turtles as a hyperplastic response to
trematode eggs (46). The occurrence of trematode
egg-induced lesions in otherwise normal tissues and
in green turtles that do not have GTEP argues against
a direct hyperplastic/tumorigenic effect. The exper-

imental evidence (127,158) also does not supporta
direct role for metazoan parasites as.the etiology of,

GTFP, although the egg dose and dose rate may
have been insufficient to elicit a resporise. Inidirect
roles for metazoan parasites in the:pathogenesis or
epizootiology of the disease remain as distinct pos--
sibilities. Parasites may serve as vectors for an in-
fectious agent, as was suggested in one epizootic
in captiveturties (88). Both trematode and leech in-
festations may severely debilitate the host (32,153,
155,156,161), so that the immune system cannot ef-
fectively respond to the GTFP agent. Spirorchid egg
deposition within tumor vasculature may trigger a.
chronic inflammatory and .immune response that
could result in either a continuing hyperplastic re-
sponse within tumors or eventual tumor rejection.
The effect of concurrent parasitic diseases on the
pathogenesis of GTFP deserves further investigation.

Genetic factors

Neoplastic translormauon olten mvolves the ac-
cumulation of multiple genetic changes within the

cell.. Familial patterns of neoplastic disease arise.. .. '
-from'a heritable (germline) genetic lesion that ren-’

ders individuals more susceptibléto disease devel-

opment following. subsequent somatic cell geneuc; R
damage. For example, a.germdine.loss of: funcuon PRI
mutation in a-tumor. suppressor locus would predls-.‘, : R
pose an'individual to neoplasm following any evént - ' :
that-disables the remaining functional allele (162- " -

164). Familial patterns of neoplasia are well docu-

mented in humans. Examples include Ln-Fraumem '

syndrome, Wilm’s tumors, retinoblastoma, and neu:

rofibromatosis (163,164). Laboratory mice show

extensive strain variation in susceptibility to’ exper- '

imental tumorigenesis (165).-A well-documented ex- '
ample of genetic susceptibility to neoplasia among.

lower vertebrates is found in certain platyfish, Xi-
phophorus maculatus/ Xiphophorus helleri, hy-

brids, which have high rates of spontaneous and
ultraviolet light-induced melanoma due to loss of
a functional tumor suppressor gene (166-168). Het- .

itable defects in DNA repair mechanisms could also

render individuals more prone to neoplasia as is the
case in xeroderma pigmentosa (169.170). The famil-

ial pattern of epidermodysplasia verruciformis is be-
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lieved to involve heritable defects in cellular immune
function and an inability to eliminate papillomavi-
rus infection (171,172). In rabbits, certain major
- . histocompatibility loci have been associated with

the regression--or progression to malignancy of

Shope papillomavirus-induced tumors (173). In ad-
_ dition, individuals of some species have genetic pre-
- . dispositions to exuberant hyperplastic responses
‘to 'wounding, e.g. keloidosis-in humans (44) and

“proud flesh™in horses. (45), that can resemble be-

mgn neoplasia.

-+ . The possnblllty that some green turtles have a ge-
" netic predisposition to develop GTFP must be con-
- -sidered. However, there is no evidence that this is
the case because genealogical studies in this species
are impractical and methods to distinguish susceptible
“from .resistant individuals  are unavailable, Al-
though some histological features of GTFP resem-
- .ble granulation tissue, an aberrant wound response
“is unlikely. The author has conducted wounding ex-
periments in both healthy-and GTFP-affected green

turtles while obtaining multiple skin biopsies for:

: other purposes. Both GTFP-affected and -unaffected
- green turtles have normal wound healing responses.
The anecdotal reports that GTFP lesions tend to

- .oceur at sités that.are vulnerable to wounding (mat-

ing scars, bites, entanglements, etc.) can be ex- -

plained equally \tell bv expOsure to an infectious
. agent

P-\THOGENESIS

Pathogenesns is the developmental process of a
'“"~d|sease. To'understand pathogenesis both etiglogy
~.and host response must be identified (174). There

- aré numerous questions regarding the pathogenesis
© +:of GTFP that'cannot bé answered adequately un<-
“:"til-an €tiologic agent is identified and available for . .
© ~experimentation. or uhttl diagnostic reagents and
-+ techiniques bécome available for exploririg themolec- -
" ulaf-basis of the lesion.’/Among these are: Is GTFP: -

--a‘hyperplastic or neoplastic process? If GTFP is a
" neoplastic diseasé, which cells are transformed and

- what is the molecular mechanism-of transforma-

tion? Is there progression from benign to more ma-

" lignant diséase? Are visceral nodules part of GTFP
.and dothey represent multicentric or metastatic dis- .
ease? What is the mechanism of tumor regression?.
Is the immune: syste’n’t involved in tumor rejection .

and how? Does i tmmune dysfunction playa role in
_ the pathogenests of GTFP" ;

, Is GTFP h yperplas:a or. neoplas:a’ .
- Histologically; fibropapillomas-are charactenzed

‘by proliferation of apparently normal epidermal
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and/or dermal elements. GTFP cells are well dif-
ferentiated and show no anaplastic characteristics.
Growth is slow with few mitotic figures seen with
light microscopy. Flow cytometric analysis of
GTEFP cell DNA content shows them to be diploid
(Elljott Jacobson, University of Florida, Gaines-
ville, FL 32610, personal communication). As pre-
viously discussed, these charactenstlcs are consistent
with either hyperplasia.or bemgn neoplasia. It is im-
portant to know if GTFP is a neoplastic disease be-
cause the approaches to prevention and control as
well as the prognosis for success depend on this in-
formation. There is a need to conduct in vitro and
in vivo testing of both epidermal and fibroblast cell

lines denved from GTFP tumors to resolve these

questions.

_The key criteria dlstlngmshmg neoplastic cells
from normal cells undergoing hyperplasia are that
the neoplastic (transformed) phenotype is irrevers-
ible and involves independence from regulation.

- Neoplastic cells continue to proliferate in an envi-

ronment that would inormally inhibit proliferation.
In vitro, neoplastic cells may exhibit one.or more
of the following pheno_typic characteristics which
represent different pathways of regulation: (1) an-
chorageindependence, (2) loss of contact inhibition,
(3) reduced serum dependence, and (4) immortal-
ity. In vivo, neoplastic cells should cause tumors in
the appropriate host. On the other hand, activated
normal cells (hyperplastic), while exhibiting mor-

-phological changes associated with rapid prolifer-

ation similar to neoplastic cells; are highly regulated
by..exogenous tactors, respond appropriately to

these stimuli, and become inactive when the stim-
.. ulicease. In. culture, cells dérived from hyperplas-
-ticlesions should be phenotyplcallv normal.

- If GTFP represents true neoplasia, the molecular

: basts of the lesion needs to be identified. If hyper-

plasna, the causative stimulus needs to be identified.

Work in this.areais only j just beginning, and toward

this end. several workers have successfully estab-
lished hbroblast and epithelial cell cultures derived
from GTFP (175,176, Herbst et al., unpublished).

- Mansell, Jacobson, and Gaskin (175) described the

in vitro morphology and growth characteristics of

GTEP-derived. fi broblasts but failed to establish
matched normal fibroblast lines for comparison. In
addition, no attempt was’ made to demonstrate
transformed phenotype in these cell lines. Simpson,
Jacobson, and Balazs (176) were the first to attempt
to- demon;tra_te in vivo tumarigenicity of GTFP-

- derived cell lines in irradiated anoles (177) and in
. normal immature green turtles. Neither experiment

demonstrated tumorigenicity in vivo. While these
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preliminary data suggest that GTFP cells are not
transformed, it remains possible that bona Jfide
GTFP neoplastic cells failed to become or remain
established in culture. It is also possible that the
majority of cells within a fibropapilloma are not
neoplastic but hyperplastic. Many of the cells, com-
prising the bulk of a tumor, may be responding to

.paracrine proliferative signals generated by a few

neoplastic cells (178).

Does GTFP progress to malignancy?

Cutaneous GTFP is characterized by self-

“limiting fibro-epithelial tumors that may eventually

regress if the turtle does not become debilitated and
die due to impaired vision, swimming ability, or
other organ function. However, in some cases some
tumors may behave more aggressively and slowly

invade tissues such as the cornea (16) and carapace.

{Herbst, personal observation). Smith and Coates
(20) described an eyelid mass from one green tur-

tle that exhibited adenomatous changes suggestive

of early malignancy. Whether these cases represent
malignant transformation is unclear. Because the
tumors are composed of fibroblasts and mesenchy-
mal cells, these cells are able to proliferate and

"expand throughout the stromal component of an

organ. in their normal location, without “invading”
across basement membranes or along blood vessels.
\Whether internal mesenchymal tumors are the re-

" sult of metastasis (which is characteristic of malig-
‘nancy) or multiple independent oncogenic events

also remains to be determined.

" Relationship betweeén visceral .

s

and cutaneous tumors

Vtsceral fibromas and myxofibromas have been.
. reported only in green turtles with extensive cuta-

neous GTFP lesions. There are relatively few op-
portunities to necropsy green turtles with healthy
integuments to search for internal nodules. How-
ever, no internal nodules were found at necropsy

.in over 100 cutaneous GTFP-free green turtles.taken

in the Nicaraguan fishery in 1993 (Lageaux. per-

sonal communication). The association of visceral

tumors with cutaneous GTFP suggests that they
arise from the same pathologic process. The distri-
bution of internal tumors primarily to lungs and
kidney supports hematogenous spread of neoplajs-
tic cells or an oncogenic pathogen. Given the evi-

-dence for an-infectious etiology presented above.

the pathogenesis of visceral lesions may involve vi-
remia followed by multifocal transformation of sus-
ceptible cells. Internal fibromas are also found in
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deer (179) and european elk (180) with papilloma-
virus infections. Whether visceral tumors arise-in
synchrony with cutaneous fibropapillomas or de-
velop only in turtles with chronic skin lesions is an
important questlon Furtheri investigation of the re-
lattonshtp of internal tumors to cutaneous GTFP

will have to. -await the development ol? molecular
probes

Mechdirisin(s) of tumor'# grésslon?
Spontaneous regressron of ﬁbropaptllomas has
been observed in some. treld studies (15, Mevlan.
personal commumcatron, Balazs, personal commu-
nication). F_hrhart found that of 25 recaptured

'green turtles that had fibropapillomas on first cap-

ture. about 16% were free of GTFP on subsequent
recapture (15). In. capmnty. one turtle that was given
an autogenous tumor graft, subsequently showed
tumor- regresston (Moretti and Brown, personal
communtcatton) ‘The.mechanism of spontaneous
GTFP regression needs to be determined.
Envrronmental factors -may play a major rolé in
the progressron or regressnon of tumors in poikilo-

.thermic species,: For example, the prevalence of

paplllomas of Japanese newts, Cynops pyrrhogaster,
varies, seasonallv with hmhest prevalences found in
the autumn (l81) These. papxllomas begin 1o regress
spontaneouslv at certain temperatures (4 or 25-
30°C) but prozress at othsrs temperatures (10 and

i3 2Q) (l82) Thevalsoregress in response 1o exper-

tmental doses of. ultravxolet radtatton (183). Herpes-
\Il'US expremon and tumor grOWth rates of. Lucke (3

'renal adenocarcmoma of leopard frogs. Rana

ptprens, vary wuh season and temperature Virion

.produetton ceases and tumors grow more rapidly
and rhetastasize more frequently at warm temper-
| atures in the summer (38,39). Retrovnrus induced

dermal sar¢oma of walleves, Sluostedton vitreum,

also shows seasonal variation with htghest preva--'
lences inthe sprmz followed by spontaneous tumor
regresston tn summer (184,185). Tumor growth is
also influenced by temperature (186). Similarly,

r_retrovrrus-mdueed northern pike lymphosarcoma
is effected by temperature (187) and shows seasonal _
regression (188). On the other hand, spontaneous

regression is not seen in bicolor damselfish, Poma-
centrus partitus, afflicted with damselfish neurofi-
bromatosis: ¢189)..

+ - Environmental mediation of tumor regression

‘may:occur-as.a direct effect on tumor virus repli-
- cation catising a switch from cell proliferative to cy-

tolytic phases, a direct anti-proliferative effect on
neoplastic cells. or as an indirect consequence of en-
vironmental modulation of the immune system.
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Role of the host immune system in regression

Many viral tumors of homeothermic vertebrates,
including warts and fibropapillomas caused by pap-
illomaviruses (43,138), and fibromas caused by pox-
1 viruses (109), also undergo spontaneous regression.

Cell mediated immune responses aré thought to be
‘important in spontaneous recovery from these dis-
eases (190). Regression of human warts is associated

with cell mediated imimune response (172,191,192).
.. .| asis regression of bovine fibropapillomas (193) and’

| Shope papillomas in rabbits (173,194). Possible
mechanisms include cell mediated cytotoxicity -

- and/or cytokine mediated suppression of papilloma
- 1 cell proliferation (195-197). In several species, anti-
viral and anti-tumor cell antibodies are produced
(198-205). The role of humoral immune response
in tumor rejection is thought to be minimal, al-
though an arthus-like reaction characterized by
thrombosis within blood vessels of regressing hu-
man papillomas has been described (199,200).
Important questions regarding the pathogenesis
-of GTFP are whether or not and how the host im-
mune system responds to the etiologic agent and/or
neoplastic cells. Neoplastic tissues do not necessarily
elicit host immune responses. To elicit an immune
response, fibropapillomas must express abnormal
or novel antigens to which the-host has not been

tolerized, such as virus structural antigens, non-'

structural viral antigens, abnormal host cellular.an-
. tigens, and host cellular antigens that are-normally
‘expressed only in immunologically privileged sites

“beitig expressed at inappropriate sites or times dur-

|ng ontogenv Fibropapillomas resulting from-de:

rangement of the lntracellular signaling network -

caused by spomaneous or chemically induced mu-
tations or by retroviral integration into the genome:

" may not express novel antigens. On the other hand,

ﬁbropaplllomas that are caused by an infectious

"agent-are llkely to express amlgens agamst whnch N

an lmmune respOnse can be moumed

E wdence jor lmmune syslem )
mvolvemenl in GTFP

_ There is some histologic evndence that the green

turtle’s immune system is involved in the pathogen-
‘esis’of GTFP. Perivascular lymphocyte infiltrates
have been observed in many tumors (7,13,16) but
whether these cells were responding to spirorchid

trematode eggs or other secondary pathogeris is un-" .

known (see below). Cleft formation at the dermo-
epidermal boundary has been observed in several
. cutaneous GTFP biopsies (13). These clefts (Fig.-13)
. resemble those that develop in certain autoimmune
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skin diseases of mammals such as pemphigus and
systemic lupus erythematosus, which are character-
ized by immunoglobulin deposition within specific
layers of the skin (206). This phenomenon may rep-
resent part of the green turtle immune response to
abnormal (infected) basal epidermal cells. A similar
process involving acantholysis and cleft formation
between basal and suprabasal cells has been de-
scribed in regressing bovine fibropapillomas (193).
Histopathological studies of the immune re-
sponse to fibropapillomas are confounded by the
presence of secondary infections by opportunistic
pathogens and skin surface commensals following
trauma to the tumor surface, and by the accumu-
lation of spirorchid trematode eggs within tumors.
These foreign organisms elicit inflammatory and
immune responses that can make interpretation of
tumor immunopathology difficult. The availabil-
ity of relatively uncontaminated experimentally in-
duced fibropapiliomas, fibropapilloma cell lines,
and reagents to detect green turtle antibody classes
and immunocytes will make studies of the immu-
nopathogenesis of GTFP practical.

Role of immune dysfunction

_in GTFP pathogenesis

Studies of virus-induced papillomas-and fibro-.
papillomas in human and other vertebrates indicate
that, while immune suppression is not a necessary
prerequisite for viral infection, disease tends to be
more persistent and severe (207-210) and more
likely to progress to malignancy (211) in those in-
dividuals with compromised cellular immune func-’
tion. A genetic defect in cell mediated immune’
function may permit papillomavirus infection to .
persist in patients suffering from epidermodyspla- .
sia verruciformis (171.172). N

Failure of the turtle’s immune system to either

- recognize or to eliminate the relevant pathogen(s}

and/or transformed fibropapilloma cells may be a

‘major factor in the development of severe persis-.
tent fibropapillomatosis in green turtles. Many fac-

tors may impair the ability of the green turtle

-immune system to cope successfully with disease-

producing agents. The reptilian immune system, as
in other poikilotherms, is influencéd by both sea-
son and temperature (212-215). Seasonal changes
in immunologic status may be modulated by neu-

- roendocrine mechanisms associated with corticoste-

roid and reproductive steroid hormone levels
(214,215). One hypothesis for the seasonal strand-
ing pattern seen in GTFP-affected green turtles pre-
dicts that, given a certain lag time for an effective

- immune response to develop, individuals infected
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late in the fall are unable to eliminate tumors as
their immune system competence declines with fall-

ing water temperatures. On the other hand, rapid

tumor growth in the summer may itself debilitate
animals sufficiently so that by winter, they are un-
able to survive.

Other stressors that influence immune function
either directly or through neuroendocrine mecha-
nisms that may be important in marine environ-
ments with high GTFP prevalences are extremes of
salinity, uitraviolet irradiation, chemical contami-

nants, disturbance by human activities (boat traf-:
fic, fishing, acoustic disturbances), food availability
(nutritional deficiency), crowding and social inter-

actions, and concurrent diseases such as parasitism.
Any combination of these factors may modulate the
green turtle’s immune system in ways that abrogate
an effective response to fibropapillomatosis.
Implicating immune system dysfunction in the
pathogenesis of GTFP will be difficult because few
turtle-specific immunological reagents are available,

immune function assays have not been validated in

. green turtles, and normal reference ranges have not

been established. Immune system studies in sea tur-.

tles are in their infancy. Collins (216) reviewed the
available information on turtle immunology and
provided initial anatomic descriptions of green tur-

tle lymphoid tissues. The immunoglobulin classes.

of green turtles have been described (217,2 18)',' and
some preliminary investigations of cellular immune

functions in green turtles have been conducted
(219).-Studies have been initiated to meet the.need -
for green turtle-specific immunological reagents = -
(220). Evemually. systematic surveys that compare .
variation in immuné function parameters of appar-
ently healthy. turtles among populations with high-
and low GTFP prevalences using these reagents
could test thc hypothesis: that.lmmunqlqga_c_al dys--

function has rendered some green turtle populations

more susceptible to severe GTFP. If immune dys-.

function is found to play a role in GTFP pathogen-
esis, then it will become important to identify those
factors' responS|ble for lmmunomodulanon in those
populauons :

~ CONCLUSION
This'vpap'é_r'has brought together the available in-
formation about GTFP and has pointed out the

gaps in our understanding of this important disease ,

of free-ranging green turtles. A major question con-
cerns the impact of GTFP on the long-term survival

of green turtle populations. According to demo-~

graphic models, large juvenile and adult turtles have
the highest reproductive value and changes in sur-
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vivorship among these two classes have more im-
pact on population trends than changes in egg,
hatchling, or small juvenile survivorship (221). Be-
cause GTFP primarily ef fects large juveniles and,

to a lesser extent, adult green turtles, it poses a sig-
nificant.threat to the long-term survival of thisen-
dangered-species. Accurate estimates of mortality
due to-GTFP are needed to further assess the im-
pact of.this'disease. It will also be i important to be

-ableto momtor green tun!e populations for exposure

to the agent (s) responsnble for ﬁbropapnlloma;osns_'

.and to estimate the percentage of the populauon_

that'is exposed Prevalence estlmates currently rely
on identification of turtles wnh visible cutaneous
masses, and this uniderestimates:the true prevalence \
of mfecuon/exposure in the populauon ‘Specific
and practical diagnostic assaysare needed for con-
ducting epizootiologic surveysto-estimate the num-
bers of suscepub_le“ammals that become infected
and either never develop clinical disease or having
developed clinical disease, recover. Diagnostic tests
will also be needed in studies designed to elucidate
natural routés of transmission.and 10 identif y nat-
ural reservoirs in the environment.

Prerequisite to the development of these diag-
nostic tools is the identification'and description-of

‘the euologlc agent(s). Now that transmission exper-

iments have implicatéd a filterable infectious agent
as the cause of GTFP, effotts to identify and cul-
tre it must be continued. Once identified, isolated,
and cultured, the putative agenl(s) must-be tested
in transmission studies to fulfill Koch's postulates. .
lnvauganon of palhogencsm. including progres- - .

vsuon regression, dlsscmmaﬁon toother organs, and -

host immune tesponse are needéd as soon'as the ma:
terials dre available to conduct the studies, Expen- :

.mentally mduced fibropapillomas wnli facilitate
these studies. Establlshmcm of bong, ﬁd;GTFP cell:

lines including development of méthods: and crite-
riato dlsungulsh them from normal celf lines would: -
be exiremély valuable in studies"of-thé molecular
palhogenesu of this disease and in in Vitro studies
of green turtle immune responses 10" GTFP L5
An understanding of the factors thai may. have-
rendéred apparently healthy turtles more suscepti--
bleto ﬁbmpaplllomatosns and allowed this disease
to become pandexmc will be critical to the Iong-term
management of sea turtle stocks. This cannot be ac-
complished without concurrent studies aimed at im-
proving our understanding of the function of the

- green turtle’s immune system.

- Finally, there is a need to better charactenze cu-
taneous fibropapillomatosis in other species of ma-
rine turtles. The questions regarding epizootiology,
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etiology, and pathogenesis are the same for these

‘species and, as progress is made with GTFP, it
is hoped that these questions will become easier to
answer. '
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