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ABSTRACT 

Miller-Edge, M.A. and Worley, M.B., 1992. In vitro responses of cheetah mononuclear cells to feline 
herpesvirus-1 and Cryptococcus neoformans. Vet. hnmunol. Immunopathol., 30: 261-274. 

In vitro T cell function by domestic cats and cheetahs to two common pathogens, feline herpesvirus- 
l (FHV-1) and Cryptococcus neoformans, was assessed. Peripheral blood mononuclear cells (PBM) 
were stimulated with two strains of UV-inactivated FHV-l,  whole heat-killed organisms or capsular 
antigen of Cryptococcus neoformans, and proliferative responses measured. As a group, cheetah PBM 
responded significantly poorer than domestic cat PBM when cultured with FHV- 1. However, individ- 
ual cheetah responses varied widely. Supplementation of cultures with exogenous interleukin 2 (IL- 
2 ) significantly increased the level of  response of individual cheetahs to both strains of FHV- I. Chee- 
tah sera contained slightly higher neutralizing antibody titers to FHV-1 than did domestic cat sera, 
suggesting that B cells function adequately in cheetahs. When stimulated with Cryptococcus neofor- 
roans, both species had similar incidences of positive proliferative responses. 

These data demonstrate that cheetahs exhibit heterogeneous responses to specific antigens, similar 
to domestic cats. However, a lower group response to FHV-I in cheetahs suggests species differences 
occur. In addition, level of variability in major histocompatibility complex (MHC) class I-like genes, 
as determined by Southern blot hybridization, does not appear to correlate with a uniform response 
in in vitro functional assays. Therefore, additional mechanisms influence the final outcome of the 
immune response. 

I N T R O D U C T I O N  

Captive cheetahs appear to have increased susceptibility to specific viral 
diseases (Briggs and Ott, 1986; Evermann et al., 1988; Scherba et al., 1988; 
Heeney et al., 1990). This apparent sensitivity has stimulated speculations 
that this species' immune system is not competent to defend against infec- 
tions, possibly due to lack of  genetic variation (O'Brien et al., 1985). Pre- 
vious studies suggest that the cheetah is genetically monomorphic,  based on 
lack of  polymorphism at red blood cell, leukocyte isoenzyme, and MHC loci 
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as well as delayed rejection in limited allogeneic skin grafting experiments 
(O'Brien et al., 1983, 1985; Yuhki and O'Brien, 1990). Disease susceptibil- 
ity/resistance and antigen responsiveness have been associated with particu- 
lar allotypes in several species such as mouse, chicken, and human (Pazderka 
et al., 1975; Batchelor and McMichael, 1987; Leist et al., 1989). Thus, a pop- 
ulation that exhibits MHC monomorphism might be expected to be uni- 
formly susceptible or unresponsive to certain antigens. 

In this report, we investigated the in vitro proliferative responses of chee- 
tah peripheral blood mononuclear cells to feline herpesvirus-1 (FHV-1 ) and 
Cryptococcus neoformans to assess the uniformity and level of immune func- 
tion. A wide variation in immune responses was observed. Level of prolifer- 
ation did not correlate with specific polymorphic patterns at MHC class I-like 
loci; therefore, genetic factors alone could not directly predict which cheetahs 
would be high and low responders to particular antigens. Other possible 
mechanisms accounting for the differences were examined, including re- 
sponse to exogenous interleukin 2 (IL-2) in low responders. 

M A T E R I A L S  A N D  M E T H O D S  

Animals 
Blood was obtained from adult cheetahs maintained at the San Diego Wild 

Animal Park (Escondido, CA), Wildlife Safari (Winston, OR),  Fossil Rim 
Wildlife Center (Glen Rose, TX),  Columbus Zoo (Columbus, OH),  and 
Phoenix Zoo (Phoenix, AZ). For comparison, blood samples were taken from 
apparently healthy domestic cats at a local animal shelter in San Diego county. 
Both species were under general anesthesia (ketamine hydrochloride ) during 
blood sampling. All cats were negative when tested for feline leukemia viral 
antigen and serum antibody to feline immunodeficiency virus using the com- 
bination CITE kit (Agritech, Portland, ME). 

Reagents 
Serum-containing medium (SCM)consis ted of RPMI 1640 (J.R. Scien- 

tific, Woodland, CA ) supplemented with 2 m M  L-glutamine, 100 U /ml  pen- 
icillin, 100 #g/ml streptomycin, and 10% fetal calf serum (Hyclone Labs, Lo- 
gan, UT).  Fetal calf serum was heat-inactivated at 56 °C for 30 min prior to 
its addition to SCM. Medium was filter-sterilized using a 0.2/~m millipore 
filter. 

Recombinant IL-2 
Human peripheral blood mononuclear cells were cultured in RPMI 1640 

supplemented with 1000 U/ml  human recombinant IL-2 (Hoffman La Roche, 
Nutley, NJ ). Conditioned medium, harvested at 48 h, was used as the source 
of exogenous IL-2 (kindly provided by Dr. Jackie Hank, University Hospital, 
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University of Wisconsin-Madison, Madison, WI). Supernatants were clari- 
fied by ultracentrifugation and filter-sterilized. Conditioned medium was di- 
luted in SCM to a final IL-2 concentration of 100 U/ml.  

Mitogens and antigens 
Concanavalin A (Con A) (Calbiochem-Behring Corp., La Jolla, CA) was 

prepared as a stock solution of 1 mg/ml  from lyophilized samples. Stock was 
diluted in SCM and filter-sterilized before use. Previous studies have shown 
optimal response at a Con A concentration of 10/zg/ml. 

Stocks of feline herpesvirus-1, pathogenic and vaccine (temperature-sen- 
sitive mutant)  strains, were obtained from the American Type Culture Col- 
lection (Rockville, MD).  Virus was grown in Crandell feline kidney cells 
(CRFK).  Cultures were subjected to three freeze-thaw cycles after extensive 
cytopathic effect (CPE) was observed in the monolayer. Supernatants were 
centrifuged to remove cellular debris, then tested in a plaque assay on CRFK 
cells to determine virus titer. Virus was UV-inactivated by placing superna- 
tant in plastic Petri dishes and irradiating for 15 min. Virus thus treated was 
rendered noninfectious. Mock-infected culture supernatants were processed 
as above and appropriate dilutions used as background controls in prolifera- 
tive assays. 

Cryptococcus neoformans cultures were kindly provided by Dr. Charles 
Davis and Mr. Phil Payne (University of California, San Diego Medical Cen- 
ter, San Diego, CA). Sabouraud's broth cultures were inoculated and flasks 
incubated at 35°C. Organisms were heat-killed by subjecting cultures to 90 
min in a 55 °C waterbath. Tissue culture fluids were centrifuged and the pel- 
lets washed and resuspended in phosphate-buffered saline (PBS). Presence 
of capsule was determined using India ink stain. A final concentration of 
1 X 10 6 organsims/ml was used in culture wells. 

Capsular antigen was prepared according to the method of Murphy and 
Cozad ( 1972 ). Briefly, Sabouraud's broth was inoculated with a Cryptococ- 
cus colony and incubated at 35 °C for 72 h. Organisms were killed by adding 
buffered formalin to a final concentration of 2%. Cell debris was pelleted and 
the supernatant extensively dialyzed against PBS. This crude antigen super- 
natant was concentrated using an XM-50 membrane in an Amicon ultrafiltra- 
tion system, and filter-sterilized with a 0.45/~m millipore filter. Dose re- 
sponse experiments were performed to determine the optimal dilution for 
stimulation (final dilution in wells was 1:50). Approximate protein concen- 
tration of stock was 8 mg/ml.  

Isolation of peripheral blood mononuclear cells (PBM) 
Peripheral blood was obtained by venipuncture and collected in acid-citric- 

dextrose (ACD) vacutainers (Becton-Dickinson, Rutherford, NJ).  Whole 
blood, diluted 1:2 with calcium-free, magnesium-free PBS, was layered on 
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Ficoll-hypaque ( 1.077 g / c m  3 ). After centrifugation for 40 min at 800 g, cells 
at the interface were removed, washed, and resuspended in SCM. Cells were 
enumerated and viability judged by eosin dye exclusion. 

Proliferative assays 
PBM were diluted to 2 × 10 6 cells/ml in SCM and 100 pl samples added to 

9 6 -  well round-bot tomed microtiter plates (Corning, Newark, CA). Mito- 
gens and antigens were diluted to twice the indicated final concentration in 
SCM and 100/A added to replicate sets of six wells. Due to the variable num- 
ber of  cells available for analysis, not all forms and /o r  concentrations of  an- 
tigen were tested in each individual. In experiments testing the effect of IL-2, 
conditioned medium was added to a final IL-2 concentration of  100 U / m l  at 
the initiation of cultures. 

Cultures were incubated at 37 °C in a humidified atmosphere of 5% CO2 
and air for 4 (mitogen) or 7 (antigen) days. Plates received 1 #Ci/well  3H- 
thymidine (ICN Radiochemicals, Irvine, CA) during the last 24 h of  incu- 
bation. Cells were harvested onto glass fiber filter paper using a multiple au- 
tomated sample harvester (PHD, Cambridge Technology, Watertown, MA). 
Samples were dried, then counted in a liquid scintillation counter. Data are 
represented as the difference in mean 3H-thymidine incorporation between 
stimulated and control wells, and expressed as counts per minute  (CPM).  
Single paired comparisons were made using the one-tailed Student 's t-test. 

Virus neutralization assay 
Neutralization titers were obtained by preparing two-fold serial dilutions 

of serum in 96-well fiat-bottomed microtiter plates. All serum was heat-treated 
for 30 min in a 56°C waterbath to inactivate complement  and filter-steri- 
lized. FHV-1 (pathogenic strain) was added at 50 plaque-forming units 
(PFU) /we l l  and incubated with serum samples for 1 h at 37 ° C. CRFK cells 
were added to each well at this time. Plates were incubated for 3 days, then 
monolayers fixed with formaldehyde and stained with crystal violet. Titers 
are expressed as the highest serum dilution that resulted in total inhibition of 
CPE. 

Southern blot analysis 
DNA was extracted from cheetah peripheral blood mononuclear  cells as 

described by Alexander et al. (1987). DNA samples (10 pg) were doubly 
digested at 37 °C with 20 units each of  BamHI and EcoRI (Boehringer-Man- 
nheim Biochemicals, Indianapolis, IN ). 

Horizontal slab gels of  1.0% agarose (BRL, Gaithersburg, MD ) were used 
in a 20 × 30-cm electrophoresis chamber (C. Scott, Del Mar, CA). Wells were 
loaded with the entire digested sample, along with HindIII-digested lambda 
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DNA as molecular weight markers. Gels ran at 20 V for 95-113 h, with daily 
changes of  buffer. 

Gels were prepared and transferred to Hybond-N membrane (Amersham, 
Arlington Heights, IL) as described by Maniatis et al. ( 1982 ). At the end of 
the transfer, membranes were exposed on a UV lightbox for 5 min, then pre- 
hybridized in 50% de-ionized formamide, 5 × Denhardt's solution (0.1% Fi- 
coil, 0.1% polyvinyl-pyrrolidone, 0.1% bovine serum albumin fraction V), 
5×  standard sodium citrate (SSC) (0.75 M sodium chloride, 0.075 M so- 
dium citrate), 0.2% sodium dodecyl sulfate (SDS),  20 m M  sodium phos- 
phate, and 10 #g/ml  salmon sperm DNA at 42 °C overnight. The HLA class I 
cDNA probe, HLA-B7 (Sood et al., 1981 ), was labelled with 32p-dCTP and 
32p-TTP (Amersham) to a specific activity of 5 × 108 CPM/pg of DNA using 
a random-primed labelling kit (Boehringer-Mannheim). Radiolabelled probe 
was added to the blot and incubated for another 22-25 h at 42°C. Mem- 
branes were washed twice in 2 ×  SSC/0.1% SDS for 5 min, then twice in 1 × 
SSC/0.1% SDS for 30 min at room temperature. Membranes were exposed 
to Kodak X-Omat RP film using an intensifying screen at - 70°C. 

RESULTS 

Proliferative responses to mitogen 
Peripheral blood mononuclear cells from a number of captive cheetahs have 

been tested for their in vitro ability to respond to mitogens (Miller-Edge and 
Worley, 1991 ), an assay used in other species to measure general immune 
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Fig. 1. Proliferative responses of  Con A-stimulated cheetah (open symbols) and domestic cat 
(solid symbols) PBM. Cells were cultured with 10/Lg/ml Con A for 4 days. Net values of 3H- 
thymidine incorporation in replicate wells are expressed in counts per min (CPM), and calcu- 
lated as mean CPM in stimulated wells minus mean CPM in background control wells. Each 
data point represents an individual animal. There is no significance to the horizontal spatial 
relationship of data points within each group. 
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capability (Cockerell et al., 1975; Kateley and Bazzell, 1978 ). Because in vi- 
tro functional assays give relative values, data from the cheetah population 
were compared with results from a group of  domestic cats. As previously 
shown, a wide range of  individual variation occurred both within and be- 
tween species; however, the mean responses of the two species to Con A were 
similar (domestic cats - -  12 528 + 11 872 CPM; cheetahs - -  11 636 + 10 435 
CPM; P >  0.25) (Fig. 1 ). These results suggest that cheetahs as a group are 
not immunologically impaired or identical. 

Proliferative responses to antigen 
Although the species' mitogen responses were comparable, antigen-specific 

assays were performed to evaluate potential differences in individual and spe- 
cies' responses to pathogens. In order to eliminate possible low response ar- 
tifacts due to immunologic naivet6, only individuals with known vaccination 
histories were included in the analysis. Animals were vaccinated with com- 
mercial feline vaccines containing FHV-1, with the last immunizat ion 1-13 
months  prior to sampling. There was no correlation between level of  FHV- l- 
stimulated proliferation and interval after last vaccination. 

Feline herpesvirus-1 (FHV-1 ) infection has been associated with clinical 
disease in cheetahs (Scherba et al., 1988; San Diego Wild Animal Park med- 
ical records, unpublished observations, 1989 ) and is routinuely included in 
vaccination programs. Two different concentrations of a pathogenic isolate 
and a temperature-sensitive vaccine strain of  FHV-I were used in stimulation 
assays. As shown in Fig. 2, both strains of UV-inactivated virus were immu- 
nogenic for domestic cat and cheetah PBM and resulted in a wide range of  
responses. However, when comparing species, cheetah PBM had a signifi- 
cantly lower mean response (P<  0.05 ) to all strains and concentrations used 
(i.e., mean net responses to 106 P F U / m l  pathogenic strain: domestic cats - -  
1822 + 2835 CPM, n = 9; cheetahs - -  215 ___ 1006 CPM, n = 25 ). Therefore, 
cheetahs, as a group, appeared to have reduced capacity to recognize and re- 
spond to a specific pathogen (FHV-1 ). 

Interestingly, approximately 40% of  this cheetah population ( 10 animals) 
have had documented clinical problems with rhinotracheitis, conjunctivit is/  
keratitis, and /o r  herpetic skin lesions. None of  the vaccinated domestic cats 
had similar medical histories. Due to individual variation and the low num- 
ber of animals in each group, no statistical differences in responses between 
cheetahs with or without a history of disease were seen. 

Similar studies were performed to evaluate responses to Cryptococcus neo- 
formans. Therefore, PBM f rom cheetahs and domestic cats were incubated 
with whole heat-killed organisms or a crude capsular preparation. Since Cryp- 
tococcus is a ubiquitous fungus in the environment  and assessment of  pre- 
vious exposure is difficult, both herpesvirus-vaccinated and unvaccinated an- 
imals were screened (Fig. 3 ). Although domestic cats tended to have slightly 
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Fig. 2. Proliferative responses of FHV-1-stimulated cheetah (open symbols) and domestic cat 
(solid symbols) PBM. Cells were cultured with 106 (squares) or l07 (circles) PFU/ml UV- 
inactivated pathogenic (A) or temperature-sensitive (B) strains of FHV- 1 for 7 days. Net val- 
ues of 3H-thymidine incorporation are expressed in CPM and calculated as described in Fig. I. 
Symbols representing responses of a single individual to both concentrations of virus are aligned 
vertically; however, there is no significance to the horizontal spatial relationship of data points 
within each group. Not all individuals were tested with both strains and concentration of virus. 
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Fig. 3. Proliferative responses of cheetah (open symbols) and domestic cat (solid symbols) 
PBM to Cryptococcus neoformans. Cells were cultured with capsular antigen (squares) or whole 
heat-killed organisms (circles) for 7 days. Net values of 3H-thymidine incorporation are ex- 
pressed as CPM and calculated as described in Fig. 1. Symbols representing responses of a single 
individual to both antigen preparations are aligned vertically; however, there is no significance 
to the horizontal spatial relationship of data points within each group. 
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higher responses to both antigens, the differences between species were not 
significant (P>0 .05) .  Comparison of responses to the two preparations 
showed no significant differences (P>  0.05). Because responses to mitogen 
and cryptococcal antigens were similar in both species, the data suggest that 
cheetahs are generally immunocompetent .  The low level of feline herpesvi- 
rus-stimulated proliferation may represent an antigen-specific difference in 
recognition and /o r  response between species. 

Exogenous IL-2 supplementation of antigen-stimulated cultures 
One possible explanation for low response to FHV-1 may be insufficient 

production of interleukin 2 (IL-2), an antigen-nonspecific lymphokine re- 
quired for T cell proliferation (Smith, 1988 ). In order to assess the role of IL- 
2 in FHV-I responses, domestic cat and cheetah PBM were stimulated with 
virus in the presence or absence of  supernatant containing human recombi- 
nant IL-2. When cheetahs were ranked according to response to FHV-1, the 
low responders tended to show the greatest enhancement  of  proliferation in 
the presence of IL-2 (Fig. 4). As a group, exogenous IL-2 significantly in- 
creased the mean proliferative responses of  cheetah PBM to both strains of 
virus (P<  0.025). However, mean domestic cat PBM responses did not sig- 
nificantly change with addition of IL-2, except in individual cases, where both 
enhancement  and suppression were observed (data not shown ). These results 
support the hypothesis that inadequate levels of  IL-2 may be at least partially 
responsible for low proliferative responses by cheetah PBM. Once optimal 
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Fig. 4. Augmentation of FHV-l-stimulated responses by exogenous IL-2. Cheetah PBM were 
stimulated with UV-inactivated pathogenic strain of FHV- 1 ( 106 PFU/ml)  in the absence (cir- 
cles) or presence (squares) of 100 U/ml  IL-2 for 7 days. Net values of 3H-thymidine incorpo- 
ration are expressed as CPM and calculated as described in Fig. 1. Controls included unstimu- 
lated cultures supplemented with exogenous IL-2. Individual FHV-l-stimulated responses (in 
the absence of IL-2) are ranked from lowest (left) to highest (right). 
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conditions for stimulation exist, additional IL-2 may not augment the re- 
sponse (high responders). When mean responses of  FHV-l-stimulated do- 
mestic cat PBM were compared to the mean cheetah response after IL-2 sup- 
plementation, there was no statistical difference ( P > 0 . 0 5 )  (cheetah vs. 
domestic cat: pathogenic strain - -  1992 vs. 1822 CPM, respectively, vaccine 
strain - -  2359 vs. 2606 CPM, respectively); thus, cheetah PBM appear ca- 
pable of  responding to the same degree as domestic cat PBM under optimal 
conditions. 

Humoral  immune response to FHV-1 
Since both branches of the immune system play a role in host defense against 

viral infection, an evaluation of  humoral immunity was performed using viral 
neutralization assays. This method is commonly employed to quantitate the 
relative functional concentration of  circulating antibody. Neutralizing anti- 
body titers to FHV-1 were not significantly different ( P >  0.05 ) between vac- 
cinated domestic cats (mean titer 1:47; range 1 :8 -1 :256)  and cheetahs 
(mean titer 1:64; range 1 :8 -1 :512) .  Therefore, it appears that cheetah hu- 
moral immune capabilities are comparable to those of domestic cats, and the 
difference in response to FHV-1 is restricted to cell-mediated immune 
function. 
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Fig. 5. Comparison of proliferative responses among full-sibling cheetahs. PBM from 14 indi- 
viduals in five litters were cultured with 10/~g/ml Con A (A) for 4 days, or 10 6 PFU/ml  path- 
ogenic strain ofFHV-I  (B) for 7 days. Net values of 3H-thymidine incorporation are expressed 
in CPM and calculated as described in Fig. 1. Each data point represents an individual animal. 
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Proliferative responses among genetically similar cheetahs 
To evaluate the genetic contribution to the level of in vitro immune re- 

sponse, proliferation of PBM from cheetah littermates was compared. Fig. 5 
shows that individual variation occurred among full-sibling cheetahs when 
stimulated with either Con A (panel A) or FHV-1 (panel B). Analysis of 
MHC class I-like genes in cheetahs using Southern blot hybridization suggests 
that diversity exists even between full-siblings (manuscript in preparation). 
Because of the low number of full-sibling cheetahs in this study ( 12 animals ), 
no significant correlation (P> 0.05 ) was apparent between level of response 
to either mitogen or antigen and specific patterns of restriction fragment length 
polymorphisms (RFLP) detected by Southern blot (data not shown ). There- 
fore, although genetic factors influence immune response, other mechanisms 
play a role in determining the ultimate host response. 

DISCUSSION 

Our studies have shown that in vitro mitogen- and antigen-stimulated chee- 
tah PBM exhibit a wide range of responses, similar to other outbred species 
(Cockerell et al., 1975; Kateley and Bazzell, 1978 ). The relatively poor T cell 
responses of cheetahs to feline herpesvirus appear to be antigen-specific, since 
responses to mitogen and C. neoformans were similar in both species. There- 
fore, low responses were not due to general immunosuppression or compro- 
mise. In addition, the presence of antibody titers indicated that antigen was 
delivered effectively during immunization. 

In vitro assays detect secondary antigen-specific responses and have been 
used to measure cell-mediated immune response to other herpesviruses 
(Rouse and Babiuk, 1974; Lopez and O'Reilly, 1977 ). Although all the chee- 
tahs used in this study had been previously immunized with a commercial 
feline herpesvirus vaccine, it was not possible to control for other environ- 
mental conditions that could affect immune response, such as nutrition, stress, 
and other subclinical disease conditions. However, individuals from which 
serial samples were tested showed consistent responses. 

Virus-induced suppression has been observed in several species (Lopez and 
O'Reilly, 1977; Filion et al, 1983; Del Gobbo et al., 1990). Studies have shown 
that herpesvirus-infected cells can suppress T cell proliferation in vitro (Carter 
et al., 1989). This effect was due to viable virus since UV-inactivated virus 
did not mediate inhibition. Because UV-inactivated noninfectious virus was 
used as antigen in our experiments, suppression due to infection or cytotox- 
icity in vitro could not account for low responses. 

Initial studies investigating mechanisms resulting in low responsiveness 
suggested that decreased IL-2 production may be one possible factor in- 
volved. IL-2 is an antigen-nonspecific lympholine which is necessary for stim- 
ulated T cell expansion (Smith, 1988 ). Supplementation of virus-stimulated 
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cultures with exogenous IL-2 resulted in significant enhancement of certain 
individual cheetahs' responses. As a group, the mean response of FHV-1- 
stimulated cheetah PBM supplemented with IL-2 was comparable to domes- 
tic cat PBM responses, with or without IL-2. Therefore, cheetah PBM appear 
to have similar potential immunologic competence as that of domestic cats. 
Interestingly, the individuals with the poorest responses were those that tended 
to respond most favorably with IL-2 supplementation. This trend has been 
repeated in other in vitro systems (Miller-Edge and Splitter, 1986). Our re- 
suits appear to rule out an inability of cheetah PBM to respond to antigen by 
lack of IL-2 receptor expression, as has been shown to occur in some low re- 
sponder conditions (Pink and Vainio, 1983; Kierszenbaum et al., 1989). 
However, further studies of IL-2 production by stimulated cheetah PBM are 
required to determine whether insufficient endogenous IL-2 is the underlying 
cause of poor response. If IL-2 supplementation can augment in vivo re- 
sponses as well, incorporation of this lymphokine into prophylactic regimens 
with killed or subunit vaccines may be beneficial, especially in exotic species 
where data are lacking regarding safety and efficacy of current vaccines. Pre- 
liminary investigations using IL-2 in vivo have shown that it may provide an 
immunological boost in vaccination programs (Weinberg and Merigan, 1988; 
Kawashima and Platt, 1989; Reddy et al., 1989 ). 

The observed wide individual variation in responses to mitogen and anti- 
gen has special significance with regard to the cheetah since it has been pro- 
posed that apparent increased susceptibility to certain viral infections is due 
to a uniform species-specific unresponsiveness linked to genetic monomorph- 
ism (O'Brien et al., 1985 ). In order to assess the effect of similar genetic back- 
ground on immune responses, mitogen- and antigen-stimulated proliferation 
were compared among cheetah littermates. Differences were observed even 
between related individuals (Fig. 5 ). Although T cell responses appear to be 
restricted to epitopes that can bind particular MHC molecules, there is vari- 
ation in responses even among syngeneic individuals (Gammon et al., 1990 ). 
Recent results (Yuhki and O'Brien, 1990; Miller-Edge and Worley, manu- 
script in preparation) have demonstrated some polymorphism in cheetah 
MHC class I-like genes. However, attempts to correlate level of mitogen- or 
antigen-stimulated proliferation with specific RFLP were unsuccessful. Other 
studies attempting to correlate expression of specific MHC antigens with abil- 
ity to respond to antigens have given equivocal results (Clerici et al., 1989). 
Therefore, mechanisms, in addition to genetic factors, influence the final out- 
come of the host's response. Selection and proliferation of specific T cell clones 
depend on in vivo factors such as route, dose, form, and number of exposures 
to antigen, as well as host factors (Hammerberg et al., 1989 ). 

In summary, in vitro responses of antigen-stimulated cheetah PBM show 
wide individual variation, even among littermates, and could not be corre- 
lated with specific RFLP patterns in MHC class I Southern blots. Therefore, 
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a direct effect of genetic variation on level of immune response could not be 
demonstrated. FHV-stimulated cheetah PBM proliferated significantly less 
than PBM from domestic cats. Further analyses suggested that this species 
difference was probably mediated by the cellular immune response. Further 
characterization of the mechanisms resulting in low responses may lead to the 
use of immunomodulators to supplement in vivo responses. 

~,CKNOWLEDGEMENTS 

The authors thank the veterinary medical staff at the San Diego Wild Ani- 
mal Park, Wildlife Safari, Fossil Rim Wildlife Center, and Phoenix Zoo for 
obtaining cheetah blood samples, and the staff of the South County Animal 
Shelter for domestic cat samples. We appreciate the generous gifts of the cDNA 
probe, HLA-B7, form Dr. Peter Parham and Peter Ennis (Stanford Univer- 
sity), recombinant I1-2 supernatants from Dr. Jackie Hank (University of 
Wisconsin-Madison), and Cryptococcus neoformans cultures from Dr. Charles 
Davis and Phil Payne (University of California-San Diego Medical Center). 

The work was supported by the Zoological Society of San Diego, the Mars 
Foundation, the Dakin Fund of the R. Dakin Company, Inc., and a grant 
from the Nixon Griffis Fund. M.M.E. was supported by a postdoctoral fellow- 
ship from the Ellen Browning Scripps Foundation. 

REFERENCES 

Alexander, A.J., Bailey, E. and Woodward, J.G., 1987. Analysis of the equine lymphocyte anti- 
gen system by southern blot hybridization. Immunogenetics, 25: 47-54. 

Batchelor, J.R. and McMichael, A.J., 1987. Progress in understanding HLA and disease associ- 
ation. Br. Med. Bull., 43: 156-183. 

Briggs, M.B. and Ott, R.L., 1986. Feline leukemia virus infection in a captive cheetah and the 
clinical and antibody response of six captive cheetahs to vaccination with a subunit feline 
leukemia virus vaccine. J. Am. Vet. Med. Assoc., 189:1197-1199. 

Carter, J.J., Weinberg, A.D., Pollard, A., Reeves, R., Magnuson, J.A. and Magnuson, N.S., 1989. 
Inhibition ofT-lymphocyte mitogenic responses and effects on cell functions by bovine her- 
pesvirus 1. J. Virol., 63:1525-1530. 

Clerici, M., Stocks, N.I., Zajac, R.A., Boswell, R.N., Bernstein, D.C., Mann, D.L., Shearer, G.M. 
and Berzofsky, J.A., 1989. Interleukin-2 production used to detect antigenic peptide recog- 
nition by T-helper lymphocytes from asymptomatic HIV-seropositive individuals. Nature 
(London), 339: 383-385. 

Cockerell, G.L., Hoover, E.A., LoBuglio, A.F. and Yohn, D.S., 1975. Phytomitogen- and anti- 
gen-induced blast transformation of feline lymphocytes. Am. J. Vet. Res., 36: 1489-1494. 

Del Gobbo, V., Villani, N., Marini, S., Balestra, E. and Calio, R., 1990. Suppressor cells induced 
by influenza virus inhibit interleukin-2 production in mice. Immunology, 69: 454-459. 

Evermann, J.F., Heeney, J.L., Roelke, M.E., McKeirnan, A.J. and O'Brien, S.J., 1988. Biologi- 
cal and pathological consequences of feline infectious peritonitis virus infection in the chee- 
tah. Arch. Virol., 102: 155-171. 



RESPONSES OF CHEETAH MONONUCLEAR CELLS TO PATHOGENS 273 

Filion, L.G., McGuire, R.L. and Babiuk, L.A., 1983. Nonspecific suppressive effect of bovine 
herpesvirus type 1 on bovine leukocyte functions. Infect. Immun., 42:106-112. 

Gammon, G., Klotz, J., Ando, D. and Sercarz, E.E., 1990. The T cell repertoire to a multideter- 
minant antigen. Clonal heterogeneity of the T cell response, variation between syngeneic 
individuals, and in vitro selection ofT cell specificities. J. Immunol., 144:1571-1577. 

Hammerberg, C., Schurig, G.G. and Ochs, D.L., 1989. Immunodeficiency in young pigs. Am. 
J. Vet. Res., 50: 868-874. 

Heeney, J.L., Evermann, J.F., McKeirnan, A.J., Marker-Kraus, L., Roelke, M.E., Bush, M., Wildt, 
D.E., Meltzer, D.G., Colly, L., Lukas, J., Manton, V.J., Caro, T. and O'Brien, S.J., 1990. 
Prevalence and implications of feline coronavirus infections of captive and free-ranging 
cheetahs (Acinonyxjubatus). J. Virol., 64: 1964-1972. 

Kateley, J.R. and Bazzell, S.J., 1978. Immunologic studies in Holstein-Friesian cattle: an im- 
munocompetence profile. Am. J. Vet. Res., 39:1683-1687. 

Kawashima, K. and Platt, K.B., 1989. The effect of human recombinant interleukin-2 on the 
porcine immune response to a pseudorabies virus subunit vaccine. Vet. Immunol. Immu- 
nopathol., 22: 345-353. 

Kierszenbaum, F., Sztein, M.B. and Beltz, L.A., 1989. Decreased human IL-2 receptor expres- 
sion due to a protozoan pathogen. Immunol. Today, 10:129-131. 

Leist, T., Althage, A., Haenseler, E., Hengartner, H. and Zinkernagel, R.M., 1989. Major histo- 
compatibility complex-lined susceptibility or resistance to disease caused by a noncytopathic 
virus varies with the disease parameter evaluated. J. Exp. Med., 170: 269-277. 

Lopez, C., and O'Reilly, R.J., 1977. Cell-mediated immune responses in recurrent herpesvirus 
infections. I. Lymphocyte proliferation assay. J. Immunol., 118: 895-902. 

Maniatis, T., Fritsch, E.F. and Sambrook, J., 1982. Molecular Cloning. A Laboratory Manual. 
Cold Spring Harbor Press, Cold Spring Harbor, NY, pp. 382-386. 

Miller-Edge, M. and Splitter, G., 1986. Detection of impaired T cell-mediated immune re- 
sponses to herpesvirus (BHV- 1 ) in cattle. Vet. Immunol. Immunopathol., 13: 1-18. 

Miller-Edge, M. and Worley, M., 1991. In vitro mitogen responses and lymphocyte subpopula- 
tions in cheetahs. Vet. Immunol. Immunopathol., 28: 337-349. 

O'Brien, S.J., Wildt, D.E., Goldman, D., Merril, C.R. and Bush, M., 1983. The cheetah is de- 
pauperate in genetic variation. Science, 221: 459-462. 

O'Brien, S.J., Roelke, M.E., Marker, L., Newman, A., Winkler, C.A., Metlzer, D., Colly, L., 
Evermann, J.F., Bush, M. and Wildt, D.E., 1985. Genetic basis for species vulnerability in 
the cheetah. Science, 227: 1428-1434. 

Pazderka, F., Longenecker, B.M., Law, G.R.J., Stone, H.A. and Ruth, R.F., 1975. Histocom- 
patibility of chicken populations selected for resistance to Marek's disease. Immunogenetics, 
2: 93-100. 

Pink, J.R. and Vainio, O., 1983. Genetic control of the response of chicken T lymphocytes to 
concanavalin A: cellular localization of the low responder defect. Eur. J. Immunol., 13:571- 
575. 

Reddy, P.G., Blecha, F., Minocha, H.C., Anderson, G.A., Morrill, J.L., Fedorka-Cray, P.J. and 
Baker, P.E, 1989. Bovine recombinant interleukin-2 augments immunity and resistance to 
bovine herpesvirus infection. Vet. Immunol. Immunopathol., 23:61-74. 

Rouse, B.T. and Babiuk, L.A., 1974. Host defense mechanisms against infectious bovine rhin- 
otracheitis virus: in vitro stimulation of sensitized lymphocytes by virus antigen. Infect. Im- 
mun., 10: 681-687. 

Scherba, G., Hajjar, A.M., Pernikoff, D.S., Sundberg, J.P., Basgall, E.J., Leon-Monzon, M., Ner- 
urkar, L. and Reichmann, M.E., 1988. Comparison of a cheetah herpesvirus isolate to feline 
herpesvirus 1. Arch. Virol., 100: 89-97. 

Smith, K.A, 1988. Interleukin-2: inception, impact, and implications. Science, 240:1169-I 176. 
Sood, A.K., Pereira, D. and Weissman, S.M., 1981. Isolation and partial nucleotide sequence of 



274 M.A. MILLER-EDGE AND M.B. WORLEY 

a cDNA clone for human histocompatibility antigen HLA-B by use of an oligodexoynucleo- 
tide primer. Proc. Natl. Acad. Sci. USA, 78:616-620. 

Weinberg, A. and Merigan, T.C., 1988. Recombinant interleukin 2 as an adjuvant for vaccine- 
induced protection. Immunization of guinea pigs with herpes simplex virus subunit vac- 
cines. J. Immunol., 140: 294-299. 

Yuhki, N. and O'Brien, S.J., 1990. DNA variation of the mammalian major histocompatibility 
complex reflects genomic diversity and population history. Proc. Natl. Acad. Sci. USA, 87: 
836-840. 


