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ABSTRACT

Miniature Sinclair swine bear-
ing cutaneous melanomas and
nonmelanoma bearing litter-
mate controls were tested for
lymphocyte blastogenic response
in a microculture assay. Lym-
phocytes were assayed for 3H-
thymidine incorporation follow-
ing stimulation with concana-
valin A, phytohemagglutinin or
pokeweed mitogen. Treatment
with all mitogens revealed a sig-
nificantly (p<0.05) reduced
proliferative capacity in mela-
noma swine as compared to lit-
termate controls. These results
lend further support for the use
of miniature Sinclair swine as a
research model for human
melanoma.

RlSUM:

Cette experience consistait A
verifier, A I'aide d'une micro-
technique de culture cellulaire,
la r6ponse blastog6nique des
lymphocytes de porcs nains Sin-
clair, atteints de m6lanomes
cutan6s, ainsi que celle de con-
g6nOres temoins. Aprbs avoir
stimul6 la blastog6nese des lym-
phocytes avec de la concanava-
line A, de la phytoh6magglutine
ou du mitogene phytolaque, on
d6termina l'incorporation de 3H-
thymidine A ces lymphocytes.
L'utilisation des trois mitogOnes
pr6citks rdv6la une reduction
appr6ciable (p<0,05) de la ca-
pacite proliferative des lympho-
cytes des porcs atteints de m6la-

nomes cutan6s, comparative-
ment aux temoins. Ces rdsultats
justifient davantage l'utilisation
de porcs nains Sinclair, A titre de
mod6le de recherche sur le
m6lanome humain.

Over the last several years, there
has been a steadily rising inci-
dence of all primary cutaneous
malignancies, including malig-
nant melanomas (15). The use of
appropriate animal models of
human disease syndromes is
important in the study of the biol-
ogy of the disease process and the
development of new treatment
regimens. Melanomas have been
reported in swine as early as 1926
(7). The majority of the early
reports described the incidence of
malignant melanomas in young
pigs of the Duroc-Jersey breed
(13). Several recent publications
(9, 10, 20) have reported and des-
cribed melanomas in a breed of
miniature swine developed at the
University of Missouri, Sinclair
Comparative Medicine Research
Farms. In 1974 it was suggested
that Sinclair swine were an
appropriate animal model for the
study of melanoma (16). Cutaneous
melanomas develop spontaneously
both pre- and postnatally. In these
swine spontaneous regression of
cutaneous tumors is quite high and
often results in complete reduction
of the tumor mass leaving only an
area of localized depigmentation
and fibrosis (18). It is estimated
that 10-20% of the malignant mel-
anomas in man spontaneously
regress (17).

In swine, cutaneous invasion of
malignant melanomas into the
deep reticular dermis or into the
panniculus is often associated with
a high incidence of metastasis.
Like man, the organs most often
affected by metastasis are the
lymph nodes, lungs and liver (18).
Recently, swine melanoma cells
have been adapted to prolonged
growth in culture. It was found
that these cells appeared morpho-
logically similar to human cul-
tured B-16 melanoma cells. Dou-
bling times and frequency of
DOPA positive cells seen in swine
melanoma culture were very sim-
ilar to that found in B-16 mela-
noma cell cultures (2).
Numerous studies of malignant

melanoma in man (3, 4, 6, 8, 11, 12,
14, 19, 21, 22) have reported a
decreased responsiveness of peri-
pheral blood lymphocytes to mito-
gen stimulation. The purpose of
the present study was to determine
whether porcine lymphocytes
obtained from swine bearing
cutaneous melanomas would
respond to mitogenic challenge in
a manner similar to nonmelanoma
bearing littermate controls.
Twenty-four miniature swine

two to three months of age bearing
cutaneous melanomas (Clark stage
equivalent two to three) and 13
nonmelanoma bearing littermate
controls were obtained from the
Texas A&M University miniature
swine herd.
Twelve mL syringes containing

1 mL of preservative-free heparin
(1000 units/mL) in RPMI-1640 as
an anticoagulant were used to
obtain sterile cardiac blood sam-
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ples. The lymphocytes were puri-
fied by a modification of the
method of B6yum (5). Six mL of
whole blood was carefully layered
onto 5 mL of sterile Ficoll-
Hypaque solution (sp. gr. 1.080) in
17 x 100 mm plastic tubes with
caps. The tubes were centrifuged
at 1200 x g at 20°C for 45 minutes.
The lymphocyte band at the
plasma Ficoll-Hypaque interface
was aspirated with a sterile Pas-
teur pipette and transferred to
12 x 7 mm plastic tubes with caps
containing 3 mL of RPMI-1640
and sodium heparin. The tubes
were thoroughly mixed and cent-
rifuged for ten minutes at 400 x g
at 20°C. The supernatant was dis-
carded and 3 mL of RPMI-1640
containing antibiotics (penicillin
200 units/mL and streptomycin
200,ug/mL) were added to the cell
button and mixed thoroughly. The
tubes were again centrifuged at
400 x g at 20°C. The supernatant
was discarded and 3 mL of com-
plete RPMI-1640 which contained
10% v/v of fetal calf serum, 2 mM
L-glutamine, 25 mM Hepes (pH
7.4), and antibiotics (as above)
were added per tube. The cells
were resuspended and centrifuged
again for ten minutes at 400 x g at
20°C and the top 2 mL of supernat-
ant discarded. The cell pellet was
resuspended in the remaining
1 mL of fluid and the cells counted
using a Coulter counter. The cell
suspension was adjusted to a den-
sity of 5 x 106 cells/mL using com-
plete RPMI-1640.
One-hundred ,uL aliquots con-

taining 5 x 105 cells were dispensed
into round bottom microtiter cul-

ture plates. Control cell cultures
received an additional 100,1L for
RPMI while experimental cul-
tures received an equivalent
volume containing the appropriate
mitogen. Concanavalin A1 (C on A),
pokeweed mitogen2 (PWM) and
phytohemogglutinin3 (PHA) were
used to stimulate lymphocyte blas-
togenesis. The mitogens were
reconstituted according to the
manufacturer's specifications and
working dilutions of Con A
(2.0,jg/mL, 4.0,ug/mL), PWM
(1: 128, 1:64) and PHA (1:100) were
used. Nine replicate control cul-
tures were plated for each animal.
Triplicate cultures were plated for
each dose level of mitogen. Cul-
tures were incubated at 37°C and
98% humidity for 72 hours and
then pulsed with 50,1L of RPMI
containing 1.0,uCi of tritiated
thymidine (specific activity 6.7 Ci/
mM) for 18 hours. Cultures were
terminated by cooling to 4°C. All
cultures were harvested by collec-
tion of cells onto glass fiber filters
using a multiple automated sam-
ple harvester. The filter papers
were dried and the individual discs
(containing cell contents) punched
out and placed in scintillation vials
containing 3 mL of scintillation
fluid. Samples were counted for
five minutes in a liquid scintilla-
tion spectrometer.

Stimulation indices were deter-
mined by dividing the mean counts
per minute from triplicate stimu-
lated cultures by the mean counts
per minute for nine control cul-
tures. Final values are reported as
the Stimulation Index ± standard
error of the mean (S.E.M.). A Stu-

dent's t-test was calculated using
the means to determine differen-
ces at the p< 0.05 significance
level.

Blastogenic stimulation of peri-
pheral blood lymphocytes obtained
from swine bearing cutaneous
melanomas resulted in signifi-
cantly lower (p< 0.05) 3H-thymi-
dine incorporation into cellular
DNA as compared to littermate
controls (Table I). Diminished
responsiveness of peripheral T-
lymphocytes to mitogenic stimula-
tion has also been reported in
human patients with malignant
melanoma.
Lymphocytes obtained from

both tumor bearing and littermate
control swine responded to
increased doses of mitogen with
higher stimulation indices. Al-
though lymphocytes obtained from
melanoma bearing swine respond-
ed to increased quantities of mito-
gen in a dose response manner, the
level reached was always much
lower than that of lymphocytes
obtained from nontumor bearing
controls. Berkelhammer et al (1)
have reported that swine bearing
regressing malanomas exhibited
substantially greater in vitro lym-
phocyte reactivity against allo-
genic swine melanoma target cells
than did swine bearing melano-
mas. The results of the present
study lend further support for the
use of miniature Sinclair swine as
a research model for human
melanoma.
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TABLE I. Tritiated Thymidine Incorporation into Porcine Peripheral Blood Lymphocytes Following Mitogen Stimulation

Stimulation Indexa, b,
Con A Con A PWM PWM PHA

(2,g/mL) (4 ,g/mL) (1:128) (1:64) (1:100)
Littermate Control Swine 26.04 ± 8.50d 49.80 10.90' 108 ± 16.91' 117.72 ± 15.779 70.2 17.39h

(N = 13)
Melanoma Swine 6.65 ± 2.12d 15.17 ± 2.6e 23.99 ± 4.31' 54.85 ± 7.769 33.75 ± 8.79h

(N = 24)
'Mean Stimulation Index ± S.E.M.
bBased on triplicate cultures per mitogen, per animal
cValues with the same superscript are significantly different at p< 0.05

'Difco Laboratories, Detroit, Michigan.
2Grand Island Biological Company, Grand Island, New York.
3Difco Laboratories, Detroit, Michigan.
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