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ABSTRACT- In an attempt to characterize biologic properties of green turtle fibropapillomatosis
(GTFP), blood cells, dermis of normal skin, dermis of cutaneous fibropapillomas, and visceral fibro-
blastic nodules of green turtles Chelonia mydas with cutaneous fibropapilloma were examined by flow
cytometry. DNA of each sample was stained with propidium iodide and histograms were recorded uti-
lizing a FACSCAN flow cytometer. All samples examined had similar histograms, indicative of normal
cell cycles and diploid profiles. Small S phase and G,M fractions (<5 %) indicated a low mitotic activity
and a nonproliferating state. Statistical analyses were performed on the coefficient of variation (CV) of
the G, peak for the various tissues analyzed. The mean CV for blood from all the unaffected turtles was
3.21 while that from turtles afflicted with GTFP was 3.43. CVs of normal skin from healthy turtles and
turtles afflicted with GTFP were 4.25 and 4.41 respectively. The mean CV for fibropapillomas was 5.27,
a number which, though higher than either blood or normal skin, probably reflects the difference in
stain uptake characteristics between fibropapillomas and the other 2 tissues rather than any inherent
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DNA or ploidy difference.
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INTRODUCTION

The first reports of green turtle fibropapillomatosis
(GTFP) were in the 1930s, with descriptions of cuta-
neous tumors in green turtles Chelonia mydas col-
lected in the Florida Keys, USA (Lucké 1938, Smith &
Coates 1938). In the early 1980s numerous observa-
tions of GTFP were made worldwide including in the
Indian River Lagoon system of east-central Florida
(Ehrhart 1991), the Florida Keys (Teas 1991}, Hawali,
USA (Balazs 1991), and at near-shore sites in Puerto
Rico, Cayman Islands, Virgin Islands, Barbados,
Venezuela, Colombia, Panama, Belize, and Australia
(Jacobson 1991). The causative agent of GTFP or the
environmental insult responsible for its development
has not yet been elucidated. While spirorchid trema-
tode eggs (Jacobson et al. 1989) and a herpesvirus
(Jacobson et al. 1992) have been observed in GTFEP, the
role of these potential pathogens in GTFP is still
unclear. Recent evidence has indicated an infectious
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agent sucessfully transmitted between green turtles
which was reported to be obtained from papilloma-
derived cell-free suspensions (Herbst et al. 1995).

Although fibropapillomas are considered benign
tumors, the disease can be life-threatening. Corneal
and or scleral involvement in turtles is common and
often results in blindness (Brooks et al. 1994). Turtles
with tumors of large size and numbers may become
entangled in nets and drown or may not be able to
swim and feed normally. Visceral tumors, particularly
in the lungs and kidney, have also been diagnosed
(Norton et al. 1990, Jacobson 1991). Since these tumors
appear benign histologically, their multicentric expres-
sion is likely caused by factors acting on a systemic
level. Still, the etiology of these tumors needs further
investigation.

Flow cytometry has its origins in the 1930s when the
first investigators attempted to count cells while in
flow, utilizing a photoelectric apparatus attached to the
ocular of a microscope (Moldavan 1934). As a continu-
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ation of this work, Wallace Coulter developed the first
'Coulter Counter’, which allowed particles in a fluid to
be counted (Coulter 1956). Coulter Counters are cur-
rently used throughout the world to determine the
numbers of red blood cells in a unit volume of blood.
Over the last 25 yr, flow cytometry has developed into
a sophisticated tool for rapidly quantitating multiple
chemical and physical properties of individual cells or
cell constituents of heterogeneous populations of cells.
Flow cytometry has extremely varied applications
including discrimination of lymphocyte subsets utiliz-
ing surface-antigen-specific monoclonal antibodies,
measurement of cell cycle kinetics, counting blood
cells, measuring intracellular ion concentrations, and
measurements of chromosomal karyotype and cell pro-
liferation (Melamed et al. 1550). One of ithe celiula:
components that can be measured is DNA content.
This has been utilized in both human and veterinary
medicine to help characterize biologic properties of
tumors (Raber & Barlogie 1990). By determining the
DNA content of the cellular populations comprising a
tumor, ploidy status can be determined. In evaluating
human solid tumors, aneuploidy is one accepted
marker for the malignant cell population (Barlogie et
al. 1980).

Using flow cytometry, the amount of DNA within a
nucleus can be determined by use of fluorescent dyes
that bind stoichiometrically, with fluorescence inten-
sity emitted by each cell proportional to its DNA con-
tent. Accumulating DNA content data on several
thousand nuclei allows one to graphically depict cell
populations as a histogram. In a population of slowly or
non-proliferating cells, the majority are within the
Gy¢/G; (presynthetic) phase of growth and exhibit a
single narrow peak on the histogram.

In an attempt to better understand the etiology of
GTFP, blood and biopsies of tumors and normal skin
from affected and normal turtles were obtained and
examined by flow cytometry. The results of this study
are reported below.

MATERIALS AND METHODS

Blood was obtained from 6 and 11 green turtles Che-
lonia mydas respectively in Bermuda and Panama.
Five of the samples from Panama were obtained from
turtles with GTFP and 6 were from clinically healthy
turtles. The 6 turtles collected in Bermuda were clini-
cally healthy. From Hawaii, 6 blood samples and 6
biopsies of normal skin from 6 clinically healthy turtles,
and 7 blood samples and 7 biopsies of normal skin and
fibropapillomas from 7 affected turtles were obtained.
From Florida, 5 normal skin biopsies and 5 fibropapil-
lomas were obtained from 5 affected green turtles

which were submitted to the University of Florida for
necropsy. In 6 turtles with visceral nodules, up to 4
nodules from each turtle were also evaluated. Biopsies
of fibropapillomas from 6 additional turtles in Florida
were obtained from field cases.

Seventeen blood samples from Bermuda and
Panama were collected and stored in heparinized glass
tubes, immediately frozen and transported frozen to
the University of Florida. Blood samples from Hawaii
were collected and stored in lithium heparin micro-
tainer tubes and shipped on dry ice. Solid cutaneous
tissue samples were collected with 6 mm biopsy
punches, wrapped in saline-soaked gauze, frozen
immediately and shipped on dry ice. All blood samples
were collected in lithium microtainer tubes. Solid tis-
in cryotubes and shipped on cold packs. Upon receipt,
all samples were immediately frozen at -80°C. From
each turtle with GTFP, portions of cutaneous and vis-
ceral tumors were fixed in neutral buffered 10% for-
malin and routinely processed for light microscopy.
Sections were cut at 6 pm and stained with hema-
toxylin and eosin (H&E).

Cells harvested from the dermis of normal skin and
fibropapillomas, and from the core of visceral nodules,
were obtained by scraping the frozen samples for 3 to
5 min with a no. 10 scalpel blade and collecting the
cells into 1 ml aliquots of Hanks buffer (Gibco BRL,
Gaithersburg, MD, USA). Cell concentrations from
solid tissues were measured on a hemocytometer
using 30 pl of cells from solid tissues which were
stained with 70 nl of a propidium-iodide-based fluo-
rescent solution (Cycle Test Kit; Becton Dickinson,
Immunocytometry Systems, San Jose, CA, USA). For
blood samples, 10 ul of cells were stained with 90 pul
propidium iodide solution. The concentrations were
adjusted to between 500000 and 2500000 cells per
ml~!. Each sample of cells was then centrifuged in a
1.5 ml microcentrifuge tube at between 200 and 300 x
g, a force mild enough to avoid clumping but high
enough to remove much of the debris. The super-
natant was aspirated making sure not to expose the
cells to the air. Following resuspension with 1 ml of
Hanks buffer, the samples were filtered through
40 pm nylon mesh to remove the large clumps, fol-
lowed by slow centrifugation at 200 to 300 x g. Next
the samples were resuspended in 50 to 100 pl of
Hanks buffer Samples were then processed with a
Becton Dickinson Cycle Test DNA Reagent Kit, which
is based on the method of Vindelov in which cells are
dissociated with trypsin followed by fluorescent stain-
ing with propidium iodide (Vindelov & Christensen
1990). Nuclear fluorescence was measured with a
FACSCAN (Becton Dickinson) flow cytometer. The
flow cytometer was calibrated with alcohol-fixed
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blood cell nuclei from chickens, and with blood cell
preparations from green sea turtles which were con-
sidered to be clinically normal. The G, peak of the
DNA histogram was adjusted to channel 200. Data
were collected for up to 20000 cells per sample. A
Consort 30 computer system running Cell-Fit software
(Becton Dickinson) was used to collect and analyze
the data using the 'RFIT’ model.

The coefficient of variation (CV) for the G, peaks of
the histograms were determined for the various tissues
examined. Two sample {-tests were used to compare the
mean CV value for nuclei obtained from: (1) blood cells
of chinically healthy green turtiles and those with fi-
bropapillomas and (2) the dermis of normal skin and
those obtained from the dermis of fibropapillomas.
Among the affected turtles, analysis of variance was
used to compare the mean CV for the G, peaks of differ-
ent tissue types, with Bonferroni's multiple comparison
procedure used to determine which specific groups dif-
fered. A 2-way analysis of variance was performed to
compare mean CV for the G, peaks of fibropapillomas
obtained from Florida and non-Florida green turtles.

RESULTS

The light microscopic appearance of all cutaneous
tumors was consistent with that reported for GTFP
(Jacobson et al. 1989). The visceral nodules were com-
posed of masses of proliferating fibroblasts and were
similar to those previously described for green turtles
with GTFP (Schlumberger & Lucké 1948, Norton et al.
1990).

All samples examined had similar histograms,
indicative of normal diploid profiles (Fig. 1). The G,
peak was the major peak for all samples examined.
In all samples the S phase was found to be a small
component of the DNA profile (0.1 to 3%). The G,M
peaks for all samples examined were also small or non-
existent.

No significant differences were found (p = 0.38)
when the CV of the G, peaks for blood cells for normal
turtles (3.21%) and those with GTFP (3.43%) were
compared (Table 1). The CV for the G, peak of blood
cells obtained from Florida green turtles showed
greater variability than those from other locations. No

No. of cells

Fig. 1 Chelonia mydas. Histograms
(relative no. of cells versus relative
DNA content as measued by fluores-
ence intensity) of tissues from healthy
green turtles and green turtles with
GTFP. (A) Blood from a healthy E
Hawaiian green turtle. (B) Blood from
a Hawaiian green turtle with GTFP.
(C) Normal skin from a healthy
Hawaiian green turtle. (D) Normal
skin from a Hawailan green turtle
with GTFP. (E) Fibropapilloma from a 0
Hawaiian green turtle with GTFP.
(F} Cardiac stomach nodule from a
Florida green turtle with GTFP
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Table 1 Chelonia mydas. Comparison of GTFP-affected and unaffected turtle coefficient of variation (CV) values for different
tissue types. A 2-sample f-test was used to determine whether the mean (¢} CV value differed for the 2 groups of turtles. The
results showed that there was no significant difference (t = - 0.898, p = 0.378 for blood and t=-0.394, p = 0.701 for normal skin).

CI: 95% confidence interval

Sample

Blood

Normal
skin

Health status

Normal
Fibropapilloma

Normal
Fibropapilloma

No. of turtles
examined

18
21

5
8

Mean G,

cv
3.21
3.43

4.25
4.41

CI

3.03 « u<3.39
2.96 < pu<3.89

349 <u<5.01
3.76 < pu < 5.06

SD

0.36
1.02

0.61
0.78

0.09

SE p-value

0.38
0.22
0.28 0.70
0.28

significant difference (p = 0.70) was found when the
CV of normal skin from all normal green turtles was
compared to normai appearing skin from turtles with
GTFP (Table 1). The mean CVs of the G, peak for
nuclei obtained from fibropapillomas in green turtles
in Hawaii and Florida were 4.88 and 5.66 % respec-
tively (Table 2). With the exception of gastric nodules
in 2 turtles, visceral nodules in the lungs, kidneys, and
liver produced a mean CV of 3.0 %.

When the CV of the G; peak of blood, normal skin,
and the dermal portion of cutaneous fibropapillomas
from all turtles with GTFP were analyzed using a 1-way
analysis of variance, significant differences (p < 0.0001)
were found, fibropapillomas having noticeably higher
CVs (Table 3). Significant effects due to geographic ori-
gin and tissue type were also detected (Table 4). Blood

samples from Florida had significantly higher CVs than
from either Hawaii or Panama. Fibropapillomas had
CV's which were significanily higher than those from
normal skin which were higher than those from blood. A
test for interaction between these 2 factors was per-
formed; this was not statistically significant.

DISCUSSION

In this report both normal chicken and green sea tur-
tle blood cells were used as internal controls to help
identify the position of the diploid G4/G; population of
cells. Since red blood cells of birds and reptiles are
nucleated, blood is a convenient tissue to use in this
calibration.

Table 2. Chelonia mydas. Mean (i) CV values for the G, peak of the DNA histograms, by tissue type, geographical region, and
the absence or presence of fibropapillomas. Where duplicates of the same tissue from 1 turtle were run, the average of the CV
values was used. ClI: 95% confidence interval; nd: not determined

Sample Location Fibropapilloma turtle Normal turtle
No. of turtles Mean G, CI No. of turtles Mean G; CI
examined CcV examined Ccv
Blood Bermuda nd 6 3.57 3.33<u<3.76
Panama 5 2.86 2.57 < p<3.15 6 3.15 2.88 < <342
Hawaii 7 2.93 2.58 < u <3.27 6 2.92 2.58 << 3.27
Florida 9 4.13 3.18 < p < 5.07 nd
Normal skin Hawaii 3 4.50 2.02<u<6.98 5 4.24 349 <pu <501
Florida 5 4.36 344 <u<5.28 nd
Fibropapillomas Hawaii 6 4.88 3.70 < u < 6.07 nd
Florida 8 5.66 479 < u<6.32 nd
Visceral Florida
nodules in:
Lung 2 (4)¢ 340 257 <u®<567 nd
Kidney 1(2) 2.80 nd
Liver 1(1) 2.80 nd
Stomach 2 (3) 6.30 nd
*Number of nodules per tissue type
bConfidence interval of mean CV of visceral nodules
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Table 3. Chelonia mydas. Comparison of CV values (%) of different tissue
types (ANOVA, p £0.0001) of green turtles with GTFP. CI: 95% confidence

interval; p: mean

Sample No. of turtles Mean G, Cl
examined Ccv

Blood 21 3.31 2.96 < pu<3.89

Normal skin 8 3.41 3.76 < p < 5.06

Fibropapilloma 14 5.33 4.69 < p <597
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sues rather than any inherent differences

in their DNA.

Blood by its nature is a collection of dis-

sociated cells unlike turtle skin and fibro-
SD SE papillomas which are composed of tightly
interwoven cells. The procedures neces-
102 0.22 sary to dissociate skin and fibropapillo-
078 0.78 mas result in the production of relatively
111 030 large amounts of debris which persists to

In evaluating and interpreting the histograms of
tissue, the CV is one of the most important criteria
(Dressler & Bartow 1989). It corresponds to the ability
to resolve 2 peaks in the histogram. The smaller the
numerical value, the better the resolving power. The
greater the CV, the wider the peak and the greater the
chance of missing an abnormal population that lies
close to 2N, the diploid state. G; CVs of 2% require a
4% difference in DNA in order to resolve a bimodal
peak. CVs of 3% require a difference of 6% (Vindelov
et al. 1983, Benson & Braylan 1994). Histograms with
CVs <5% are generally considered acceptable (Dress-
ler & Bartow 1988).

When histograms of blood cells from normal green
turtles were compared to those of green turtles with
GTFP, no significant differences were found for the CVs
of the G, peaks for the 2 groups. The CVs of the G,
peaks were <4 %. This suggests that blood cells from the
turtles with GTFP had a normal cell cycle with nuclei
having normal ploidy. Similarly, when normal skin ob-
tained from normal green turtles was compared to nor-
mal skin from turtles with GTFP, both groups had nor-
mal cell cycles with comparable CVs (<5 %) for the G,
peaks of their respective histograms. While histograms
of blood, normal skin, and fibropapillomas from turtles
with GTFP indicated a normal cell cycle, statistically sig-
nificant differences were found when the CVs of the G,
peaks for these histograms were compared. These dif-
ferences, however, may reflect the stain uptake charac-
teristics and the specific physical properties of the tis-

some extent even after centrifugation
with Hanks buffer. In histograms of nor-
mal skin and fibropapillomas, the irregular profiles to
the left of the G| peaks are caused by debris from sam-
ple collection. Debris is a source of extraneous flucres-
cence. Debris also influences the region to the right of
the G, peak (Vindelov & Christensen 1990).

Fibropapillomas from Hawail and Florida had CVs of
4.88 and 5.66 % respectively and were at the limits of
resolution for distinguishing the presence of abnormal
peaks, had they been present. Of the various visceral
tumors evaluated, those from the lung, kidney, and
liver had normal appearing histograms, with G, peak
CVs <4%. While 3 stomach tumors also had normal
histograms, the mean G, peak CV was 6.30%. This
high numerical value would preclude discrimination of
a peak with a minor DNA-content abnormality, if it
were present.

DNA flow cytometry is a gross measurement of DNA
content, and abnormalities such as gain or loss of up to
several chromosomes are usually not detected by this
technique (Merkel et al. 1987). Abnormalities such as
translocations, where the overall cellular DNA content
is unchanged, also cannot be detected. In a study with
slider pond turtles Pseudemys scripta inhabiting seep-
age basins containing low concentrations of radio-
active and non-radioactive contaminants, significantly
greater variation in DNA content in blood cells was
seen compared to turtles from a control population
(Bickham et al. 1988). The authors attributed this dif-
ference and the higher mean CV in the experimental
population to radiation or chemical-induced chromoso-

Table 4. Chelonia mydas. Green turtles with GTFP from different geographical locations were compared with a 2-way ANOVA
of mean CVs (overall F-test, p < 0.0001; tissue type, p < 0.0001; location, p = 0.0003). CI: 95% confidence interval; p: mean

Sample Location No. of turtles
examined
Blood Florida 9
Hawaii, Panama 12
Normal skin Florida 5
Hawaii, Panama 3
Fibropapilloma Florida 8
Hawaii, Panama 6

Mean G, CI SD SE
Ccv
4.13 3.18 < p < 5.07 1.23 0.41
2.90 270 < p < 3.10 0.31 0.09
4.36 344 < <528 0.74 0.33
4.50 2.02<p<6.98 1.00 0.58
5.54 4.79 <pu <632 1.04 0.33

4.88 3.70 < u < 6.07 1.13 0.46
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mal damage. Evidence of aneuploidy mosaicism was
found in 4 of 20 experimental site turtles and sup-
ported this contention.

While histograms of dermal scrapings from fibro-
papillomas had G, peaks with a mean CV significantly
greater than that of normal skin and blood from turtles
with GTFP, no abnormal peaks were seen in any of the
histograms. However the wide G, peak for the fibro-
papillomas may have masked the detection of an adja-
cent abnormal peak.

This study indicated that fibropapillomas and vis-
ceral tumors have normal cell cycles. The vast majority
of the cells examined were in the G, phase. This find-
ing correlates with the histological appearance of the
tumor, which has an extremely low mitotic index, is
relatively acelluiar in the dermal component, contains
cells with only 1 relatively normal sized nucleus and
thus appears to show no indication of malignancy.
Since fibropapillomas often occur concurrently at mul-
tiple cutaneous sites in the same turtle and also have a
visceral component, more than likely the causative
agent exerts some systemic influence which results in
these multicentric changes. Such a causative agent
may exist in the filtered cell-free suspension that was
reported to have transmitted GTFP (Herbst et al. 1995,
this issue).
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