


IMMUNOSUPPRESSION CAUSED BY A LENTIVIRUS IN THE AETIOLOGY OF JAAGSIEKTE

Skin sensitization assay

The in vivo cellular immune response of experimental
animals was tested by means of a delayed hypersensitiv-
ity skin test. After sensitizing the sheep w1LEe 10 mg of
killed Mycobacterium avium' in 5 m¢ of liquid paraffin
injected intramuscularly, 0,1 m¢ of PPD of avian tuber-
culin® was inoculated intradermally 6 weeks later. The
thickness of folded skin was measured at O h, 48 h and
72 h using a Hauptner caliper. In the case of JS-sheep,
the sensitization was started as soon as clinical symp-
toms of the disease were seen, in order to measure the
animals’ cellular immune response at a comparable stage
in the development of the tumour.

Isolation of monocytes

Monocytes were isolated from the peripheral blood of
sheep essentially according to the method of Carlson &
Kaneko (1973). Blood collected in 2 heparinized vacu-
tainer tubes per sheep was centrifuged for 30 min at
1000 x g. The buffy coats were pooled and resus-
pended in 4 m€ of Dulbecco’s phosphate buffered saline
(PBS). Remaining red blood cells were lysed by the
addition of 20 m¢ of distilled water, followed by the
restoration of isotonicity by adding 10 m¢ of PBS con-
taining 2,7 % NaCl after 30 s of gentle mixing. The
white blood cells were centrifuged (400 X g for 10 min),
washed once in PBS and then resuspended in F-12
nutrient medium’. The monocytes were subsequently
removed from the white blood cell fraction by adherence
to a plastic substrate for 2 h at 37 °C. Fresh F-12 nutrient
medium was added to these tissue culture flasks and the
adherent monocytes were dislodged by vigorous shak-
ing.

Thymidine incorporation assay

Monocyte suspensions were added to the upper com-
partments of Modified Boyden Chambers. Glass fibre
membranes separated upper and lower compartments of
the chambers, where the latter compartment contained F-
12 nutrient medium with foetal calf serum serving as
growth stimulant. The monocytes, which adhered to the
glass fibre membranes, were seeded at 8 x 10° cells/
upper compartment/200 u€ F-12 nutrient medium. 3H-

ymidine (specific activity 21 Ci/mmol)*, was added at
the same time to each Boyden Chamber at 1 x 10’ Ci/
upper compartment/0,5 m¢ F-12 nutrient medium and the
experiment allowed to run for 72 h in a 5 % CO, incu-
bator at 37 °C. The assay was terminated by removing the
membranes from the chambers and washing them by
gentle swirling in PBS before placing them in glass scin-
tillation vials, where the adherent monocytes were lysed
with 250 u€ 1 % sodium dodecy] sulphate per mem-
brane. Each lysed sample was dissolved in Beckman
Ready-Solve TM scintillation cocktail and read on a
Beckman LS 9000 Scintillation counter.

In vitro infection of alveolar macrophages with lentivirus

Alveolar macrophages (AMs) isolated from the bron-
cho-alveolar lavage performed on the excised lungs from
a normal, healthy sheep, as described in Myer, Ver-
woerd & Garnett (1987a), were seeded into two sets of
plastic tissue culture flasks. Each set consisted of 2
flasks containing 2 X 10° cells/flask/10 m¢ F-12 nutrient
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medium. One set of flasks was inoculated with 25 %
RDP-positive supernatant from a previous AM culture
producing lentivirus (4,5 X 107 cpm/flask) while the
other set was cultured in F-12 nutrient medium only.
After 24 h incubation at 37 °C, supernatants were dis-
carded from both sets of flasks. The flasks were rinsed 3
times in PBS before addition of fresh F-12 nutrient
medium. After incubation for 48 h, the supernatants
were collected and assayed for RDP activity as described
previously.

Chemotaxis assay

Assays for the chemotactic activity of various macro-
phage cultures were done as previously described (Myer
et al., 1987a). Briefly, the chemoattractant used was
either conditioned medium from 15.4 tumour cell cul-
tures or N-formyl-L-methionyl-L-phenyl-alanine (N-
FMet)’. A stock solution of 10-°M N-FMet was diluted
1:25 in F-12 nutrient medium prior to use in the assay
and arbitrarily referred to as 100 % N-FMet. Varying
concentrations of this solution was added to the lower
compartments of modified Boyden chambers, which
were separated by 10 um pore size polycarbonate mem-
branes® from the upper compartments containing 10°
macrophages. After 3 h of incubation at 37 °C, the dis-
tance that the cells had migrated into each membrane
was measured microscopically as described by Myer et
al., 1987a.

Infection with Pasteurella haemolytica

A P. haemolytica Type I strain, originally isolated
from a field case, was passaged twice in mice to increase
virulence before inoculation into serum broth for over-
night culture. It was then transferred to 200 m{ of tryp-
tose phosphate broth’ containing 0,5 % glucose. After
incubating overnight at 37 °C on a rotary shaker, it was
transferred to fresh tryptose-glucose broth in which it
was grown for another 6 h. The bacteria were then har-
vested by centrifugation (800 X g for 60 min), washed
and suspended in 10 m{ of saline. Plate counts were
performed to determine the concentration of viable
organisms. Both lentivirus-infected and control animals
were inoculated intratracheally with 1 X 10" organisms
in a volume of 10-20 mf, according to the size of the
animal. Temperatures were taken daily for a period of 3
weeks and all animals observed for clinical signs of res-
piratory distress.

RESULTS

Cellular immune response in jaagsiekte-infected sheep

When jaagsiekte is transmitted to new-born lambs by
intratracheal inoculation with pellets containing both
JSRV and SA-OMVYV, the latent period before clinical
signs appear varies between 3 months and a year. In a
few individuals no symptoms are seen after a year and
only small, localized lesions are revealed by necropsy.
In order to test whether suppression of the cell-mediated
immunity (CMI) could be responsible for this variation
in susceptibility, the delayed hypersensitivity response
of each sheep was measured by means of a tuberculin
skin test as described under MATERIALS AND METHODS.
The 48 h differential measurements are shown in Fig. 1
as a function of the time of onset of jaagsiekte symp-
toms. The regression curve, fitted to the data according
to Dunn (1977), clearly indicates a linear relationship,
suggesting that there is a positive correlation between the
latency period of clinical jaagsiekte and the CMI of the
animal.
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FIG. 4 Effect of lentivirus replication on the chemotactic response of
alveolar macrophages infected in vivo with lentivirus

illustrates a loss of chemotaxis in infected cells com-
pared to that of normal macrophages (Fig. 5 A).

These results suggest that lentivirus replication in
mafrophages inhibit their response to a chemotactic sti-
mulus.
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FIG. 5 Effect of lentivirus replication on the chemotactic response of
alveolar macrophages infected in vitro with lentivirus
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TABLE 1 3H-thymidine incorporation by peripheral blood monocytes
from normal, resistant and JS-sheep

Number of Group Standard

Group animals average cpm | deviation
Normal 4 1115 + 30
Resistant 4 1131 + 102
Jaagsiekte 6 A0S + 09

Pasteurella haemolytica infection as a test for immuno-
suppression

As controls, a group of 9 lambs were sensitized with
M. avium 1 week after birth. Nine weeks later a tubercu-
lin test was carried out, the results indicting a normal
group average skin swelling of 9,0 mm (Table 2), which
was lower than the 13 mm obtained for a larger group of
adult animals (Fig. 2). When these sheep were inoc-
ulated 2 months later with 1 X 10" P. haemolytica
organisms, one showed no symptoms at all, 7 had a
transient fever reaction only, and one animal died with
acute septicaemia.

Seven lambs were infected with 1 X 10° RDP units of
lentivirus within one week after birth and sensitized with
M. avium 4-9 weeks later. Their delayed hypersensitiv-
ity response was measured after 6 weeks. The results
show considerable variation between the individual ani-
mals, one animal showing a normal skin swelling of 10,4
mm. The average for the others was 5,8 + 2,3 mm (not
shown in Table 2) which is below that of the controls of
9 £ 2,9 mm. A student’s t test according to Dunn
(1977), between the 9 and 5,8 mm averages, gave a t
value of 2,3 (13 degrees of freedom), corresponding to a
97.5 % level of significant difference between the con-
trol and lentivirus-infected sheep. By oversight these
lambs were immunized with pasteurella vaccine at 2
weeks of age. Nevertheless, when they were challenged
at an average age of 7 months, with the same high dose
of virulent organisms as the controls, the reactions were
significantly stronger (Table 2). Two out of seven ani-
mals died from acute septicaemia, and one from pneu-
monia, while 4 showed clinical signs of respiratory dis-
tress (pneumonia) such as coughing dyspnoea and nasal
discharge. These 4 sheep recovered clinically, while P.
haemolytica, reisolated from the lungs of those animals
that had died, was subsequently shown to be type 1,
thereby confirming that the fatal infection was caused by
the organisms inoculated.

DISCUSSION

The human and ovine lentiviruses are similar in mor-
phology and morphogenesis and also share some homo-
logous nucleotide sequences (Gonda, Wong-Staal,
Gallo, Clements, Narayan & Gilden, 1985). For both
groups the primary target cell seems to be the monocyte/
macrophage. In the case of HIV most primary isolates
from brain and lung tissues produce 10 to 100-fold more
virus in mononuclear phagocytes than in lymphocytes.
The virus appears to have a unique ability to acquire an
affinity for T4 lymphocytes however, and the prototype
HIV, which was selected for growth in T cells, has a
10 000-fold lower ability to infect macrophages than T-
cells (Gartner, Markovits, Markovitz, Kaplan, Gallo &
P;)tpovic, 1986). At least part of the immunosuppressive
effect of HIV is thought to be caused by depletion of T4-
lymphocytes.

In contrast visna virus, the prototype ovine lentivirus,
does not seem to be able to infect lymphocytes. In addi-
tion, virus replication in macrophages is severely
restricted in vivo (Gendelman, Narayan, Molineaux,
Clements & Ghotbi, 1985). This may be the reason why
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