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Abstract. Three different species of nhonhuman primates (baboons [Papio hamadryas], rhesus monkeys
[Macaca mulatta], and African green monkeys [ Cercopithecus aethiops]) were evaluated for their natural killer
cell activity, and for the ability of their peripheral blood mononuclear cellsto proliferate in response to known
mitogens (concanavalin A, phytohemagglutinin, and pokeweed mitogen) and to react with a panel of mouse
monoclonal antibodiesdirected against human leukocyte surface antigens. Rhesus monkeys displayed the highest
natural killer cell cytotoxic activity (185.7 + 33 lytic units) compared with those of baboons (83.8 + 19 Iytic
units) and of African green monkeys from West Africa (39.08 + 8 lytic units) and from the Caribbean basin
(37.9 £ 9 lytic units). No correlation was observed between the natural killer cell cytotoxic activity and the
percentage of CD 16' natural killer cellsamong the three species studied. High spontaneous proliferative capacity
was observed in African green monkeys obtained from West Africa compared with those of the other species
studied. Although no significant differences were noted in T and B cell mitogen-induced in vitro proliferation,
baboon mononuclear cells were less responsive to concanavalin A (stimulation index of 16 + 3 [x + standard
error of mean]) than to phytohemagglutinin (stimulation index of 47 + 12). However, rhesus and African green
monkey cells proliferated more efficiently in response to concanavalin A. Unlike in human beings where the
ratio between helper-inducer (CD4 +) and cytotoxic-suppressor (CD8+) T -lymphocytesisgenerally> |, the CD4+/
CD8. ratios in baboons and rhesus and African green monkeys were 0.58, 0.69, and 0.35, respectively. Basic
information on normal immune functions in these primates is important because of their increased use as
experimental animal models for the study of human diseases such as acquired immunodeficiency syndrome
(AIDS).

Key words: Acquired immunodeficiency syndrome (AIDS); lymphoproliferation; natural killer cell; non-
human primates.

During the past several years, the use of nonhuman
primates as animal models for the study of human
diseases has become increasingly important. Some hu-
man viruses, such as HIV-1 and hepatitis A, B, and
non-A non-B (C) viruses, can infect only pri-
mates. 19,1124 Furthermore, the relatively recent discov-
ery of a simian lentivirus, simian immunodeficiency
virus (SIV), with biological properties similar to those
of HI'V-1714 and capable of inducing an AIDS (acquired
immunodeficiency syndrome)-like disease in rhesus
monkeys, has made the nonhuman primate model im-
portant for the understanding of virus-induced ac-
quired immunodeficiency diseases.

Very few studies on the basic immunological param-
eters in nonhuman primates have been reported. In-
formation on the phenotypic expression of some lym-
phocytic antigens in primates has been used to establish
phylogenetic distances among different species<!?and
to compare the ability of different monoclonal anti-
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bodies to identify homologous subsets ofleukocytesin
human beings and in nonhuman primates.>'-" Natural
killer cells represent an important first line of defense
against viral infections, against neoplastic cell growth,
and in the control of hematopoiesis.” A few studies
have examined the natural killer cell activity in some
primate species (e.g., rhesus monkeys [Macaca mu-
latta]), and the cells responsible for the observed cy-
totoxic activity have been, in some instances, char-
acterized. 22,2730 In this report, wedescribe the reactivity
of a panel of murine monoclonal antibodies specific
for human leukocytic antigens against peripheral blood
lymphocytes obtained from rhesus monkeys, African
green monkeys (Cercopithecus aethiops), baboons (Pa-
pia hamadryasi, and healthy human volunteers. We
have also evaluated the normal natural killer cell ac-
tivity and the proliferative responses of peripheral blood
lymphocytes to mitogens to provide normal back-
ground values that may be useful when virus-induced
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alterations ofthese immunological functions are stud-
ied. For example, the onset of human AIDS correlates
with an impairment of natural killer cell functions--w>
and of T and B cell proliferative capacity':" and with
a sharp decrease in the absolute number of cells be-
longing to the helper-inducer T cell (CD4+ cdls),6,15
among other clinical abnormalities. Information on
these immune functions in nonhuman primates is
therefore important, considering their role as animal
models for the study of potential therapies and vac-
cines directed toward the control of human retrovirus
infections.

Materials and Methods
Animals

The three species of nonhuman primates used in this study
included 24 rhesus monkeys, nine African green monkeys,
and ten baboons. The African green monkeys were divided
into two groups, according to their geographic origin; group
I included four monkeys obtained from West Africa, and
group 2 included 5 monkeys from the Caribbean basin. At
the time of the studies, all animals tested seronegative for
simian T-lymphotropic virus type-l, type D retroviruses
(SRV-l and SRV -2), and simian immunodeficiency virus.
Serologic tests for two other common virusesin these species,
foamy virus and Epstein-Barr virus, were not done. All an-
imals were housed at the Southwest Foundation for Bio-
medical Research. Health human laboratory workers were
used as controls (n = 7).

Separation of peripheral blood lymphocytes

Peripheral blood lymphocytes were separated on a Ficoll-
Hypague (Sigma Chemical Co., St. Louis, MO) density gra-
dient as previously described." The cells obtained were re-
suspended in compl ete medium, which included RPMI- 1640
(Cél Culture Laboratories, Cleveland, OH) supplemented
with 100 V/ml penicillin, 100 ug/ml streptomycin, 2 mM
L-glutamine, | M Hepes buffer, 1% nonessential amino acids,
and 10% heat inactivated fetal bovine serum (Hazelton Bio-
logics, Lenexa, KS).

Cell lines

The mycoplasma-free human cell lines K562 and U937
(obtained from the American Type Culture Collection, Rock-
ville, MD) were cultured in RPMI-1640 complete medium.
The cell lines were determined mycoplasma-free by lack of
hybridization with a mycoplasma DNA probe (Mycoplasma
T.C. Detection Kit, Gen-Probe, San Diego, CA).

Lymphocytic subset characterization

The relative percentages of different subsets of lympho-
cytes were evaluated by viable membrane immunofluores-
cence.!" Murine monoclonal antibodies directed against hu-
man lymphocytic antigens included anti-Leu-4-FITC (total
CDS3. T cells), anti-Leu-5b-FITC (total CD2. T cells), anti-
Leu-3a-PE and OKT4a-FITC (helper-inducer CD4+ T cells),
anti-L eu-2a-PE (cytotoxic-suppressor CDS+T cells), and anti-
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Leu-1 la-FITC (CDI6+ NK cells). The Leu monoclonal an-
tibody series was obtained from Becton-Dickinson (Moun-
tain View, CA), and the OKT4a-FITC was purchased from
Coulter Immunology (Hialeah, FL). A solution of 2 x 10¢
cells in 50 ul of phosphate-buffered saline supplemented with
5% fetal bovine serum and 0.1% sodium azide (washing so-
lution) was incubated at 4 C with with 20 nl of the appropriate
monoclonal antibody for 30 minutes. After the incubation,
the cells were washed twice and fixed in 4% paraformalde-
hyde for flow cytometric analysis using a FACS-Scan (Bee-
ton-Dickinson). The scatter gate was set on the lymphocyte
peak, and 5 x 10° cells were counted. The percentage of
positive cells was calculated as the percentage of cells that
stained more intensely than the threshold defined by the
negative control cells (cells without the monoclonal antibody
or cells stained with a combination of irrelevant IgG I-FITC
and 1gG2a-PE to evaluate nonspecific staining; Simultest
Control, Becton-Dickinson).

Cytotoxicity assay

K562 target cells (I x 10% were labeled with 100 uCi of
siCr (NazS 10, and incubated at 37 C for | hour. The la
beled cells were washed three times in complete medium and
resuspended at | x 105cells/ml in complete medium. Mono-
nuclear cells obtained from the different species examined
were used as effector cells. They were added to targets in
triplicate wells of round bottom 96-well microtiter plates at
effector: target ratios of 50: I, 25: 1, 12.5: 1, and 6.25: | to
determine experimental 5ICr release. Controlsincluded trip-
licate cultures of target cells in assay medium (spontaneous
5ICrrelease) and in | N NaOH (maximum SICrrelease). The
plateswere spun at 200 x gfor 5 minutesand then incubated
at 37 Cin a5% CO, humidified incubator for 4 hours. After
incubation, radioactivity in 100 ul of supernatant fluid was
determined with a gamma counter. The percentage of 51Cr_
specific release was determined using the following formula:
{[(experimental release) - (spontaneous release)]l[(maxi-
mum release) — (spontaneous release)]} x 100. Spontaneous
release of target cells incubated in the absence of effector cells
was always less than 20%. The results were expressed in lytic
units. One lytic unit was defined as the number of lympho-
cytes required for 20% specific "Cr release from 5 x 103
target cells, as estimated by exponential regression analysis
for four effector: target cell ratios." The data were calculated
as lytic units per 107 lymphocytes.

In vitro proliferative responses

Peripheral blood lymphocytes were resuspended at 2 x
10¢ cells/ml in complete medium and cultivated in triplicate
wells in flat bottom microtiter platesin the presence of | ug/
ml concanavalin A, | ug/ml phytohemagglutinin, or 10 ug/
ml pokeweed mitogen. Cells cultivated in medium alone
served as controls. The plates were incubated in a 5% CO,
humidified incubator for 72 hours. After incubation, *H-
thymidine was added at | uCi/well, and the plates were in-
cubated for an additional 12 hours. The cells were then
collected from the wells onto fiberglass filters, using a sem-
iautomated microharvesting device (Brandel, Gaithersburg,
MD), and the amount of radioactivity incorporated was mea-
sured in a scintillation counter.
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The data were expressed either as mean counts per minute
from unstimulated or mitogen-stimulated culturesor as stim-
ulation index calculated by dividing the mean counts per
minute of mitogen-stimulated cultures by the mean counts
per minute of unstimulated cultures. Student'st-test was used
to compare mean values.

Results
Natural killer cell activity in nonhuman primates

The natural killer (NK) cell activity in normal healthy
human volunteers, baboons, rhesus monkeys, and Af-
rican green monkeys was evaluated using the erythro-
leukemia cell line K562 as target. Among the various
species examined, different degrees of NK cell cyto-
toxic activity were observed (Fig. 1). Baboonsand both
groups of African green monkeys had significantly low-
e NK cell activity compared with that of normal hu-
man volunteers (300 + 37 lytic units [LU] in human
beings compared with 83.3 + 19 LU in baboons, and
39.0 £+ 8LU and 37.9 + 9LU in African green monkey
group 1(AGM 1) and group 2 (AGM 2), respectively,
P < 0.05). The NK cell activity of the 24 rhesus mon-
keys (185.7 + 33 LU) studied was also lower than that
of the human controls, but the difference was not sta-
tistically significant. When NK cell activity among pri-
mates was compared, there was a significant difference
(P < 0.05) between the NK cell activity of rhesus mon-
keys and those of both groups of African green mon-
keys and baboons. Similar results were obtained with
another NK cell-sensitive human cell line (U937) as
target cells in the cytotoxicity assays (data not shown).

When peripheral blood lymphocytes (PBL) obtained
from these species were stained with anti-Leu-lla
monoclonal antibodies (mADb) directed against the sur-
face marker CD 16 associated with cells belonging to
the NK cell lineage," there were no significant differ-
ences in the relative percentages of cells bearing the
CDI6 phenotype (Table 1). Although baboon PBL
showed the highest mean percentage of cells expressing
the CD 16 surface marker, they displayed a relatively
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Fig. 1. Natural killer cell activity in human beings (n =
7), baboons (n = 10), rhesus monkeys (n = 24), African
green monkey group | (AGM 1) (n = 4), and African green
monkey group 2 (AGM 2) (n = 5) using K562 cells as tar-
gets. Each dot represents individual values. Horizontal bars
represent mean lytic units + standard error of the mean.

lower NK cell activity compared with those of human
and rhesus PBL.

In vitro proliferative responses

The proliferative responses of PBL to the T-cell mi-
togens concanavalin A and phytohemagglutinin and to
the B-cell activator pokeweed mitogen were eval uated

Table 1. Percentage of peripheral blood lymphocytes* from human beings and nonhuman primates that reacted with a

variety of monoclonal antibodies.

Monoclonal Antibodies

Species n . . . . .
Anti-Leu-a Anti-Leu-5b Anti-Leu-2b Anti-Leu-3a OKT4a Anti-Leu-11 a
Human beings 7 60.6 = 4.2 73.4 £ 29 215 + 2.2 424 + 30 B5.7 + 2.8 15.0 = 4.0
Baboons 10 327 + 84 824 + 20 65.2 £ 25 379 + 2.7 323 + 34 234 + 18
Rhesus monkeys 24 518 + 3.2 78.4 £ 24 372 £ 18 259 + 31 351 + 27 129 + 16
AGM It 4 374 £ 73 68.0 £ 3.8 747 £ 1.3 26.2 + 4.0 349 + 54 11.7 = 19
AGM 2% 5 ND§ 539 + 59 439 * 35 ND 406 + 16 ND

* Mean percentagepositive cells + standard error of the mean.
t Africangreen monkey group |.

i African green monkey group 2.

§ NO = not done.
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Table 2.
and mitogen-stimulated cultures.
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Proliferative response of peripheral blood lymphocytes from human beings and nonhuman primates in control

Mitogens
Species n Control* Phytohemaggl utinin Concanavalin A

. . Stimulati . Stimulati
Counts per Minute’ 'Imngeleon Counts per Minute 'T:]Léexlon
Human beings 7 1,452 + 497 22,166 + 4,231 72 + 39 34,742 + 7,299 66 £ 29
Baboons 6 1,236 + 769 17,374 + 839 47 £ 12 9,331 + 3,476 16+ 3
Rhesus monkeys 24 378 £ 52 47,786 + 8,900 170 + 22 67,362 + 6,257 231 £ 27
AGM 1f 4 27,563 + 10,164 135,757 + 31,325 o+4 149,368 + 24,460 9+ 3
AGM 28 5 139 + 46 15,641 + 6,896 261 =+ 130 16,724 + 3,834 239 + 78

* Mean counts per minute + standard error of the mean of triplicate cultures.
Mean stimulation index * standard error of the mean (stimulation index = x counts per minute of mitogen-stimulated cultures/x

counts per minute of unstimulated [control] cultures).
} African green monkey group |.
§ African green monkey group 2.

(Table 2), Although all the species studied exhibited a
proliferative response against these mitogens some dif-
ferences were noted, particularly between AGM 1and
AGM 2. The proliferation of AGM 1 PBL was high
even in the absence of any stimulus (medium alone),
Proliferative capacity of PBL from AGM | was higher
than that of AGM 2 when the mean net counts per
minute (mean counts per minute in the presence of
mitogen — mean counts per minute in the absence of
mitogen) were compared, but when the data were cal-
culated as stimulation index, the AGM | had lower
proliferative capacity, Although the phytohemagglu-
tinin-induced proliferation of baboon PBL was com-
parable to that of human and rhesus monkey cells,
proliferation in response to concanavalin A was lower
than that of the other species examined. In contrast,
concanavalin A seemed to be more effective in induc-
ing T-cell proliferation, both in rhesus monkeys and
in African green monkeys, than phytohemagglutinin.

Phenotypic characterization of primate PBL

Mouse mADb directed against human lymphocytic
surface antigens react with nonhuman primate periph-
eral mononuclear cells.22: These mADb have been use-
ful in the identification of conserved epitopes on the
surface of primate mononuclear cells and in the de-
termination of the phylogenetic relatedness among these
species. Because we observed differences in NK cell
activity and proliferative responses in the primates
studied, we examined the relative percentages of
T-lymphocytes and NK cells in the peripheral blood.
For T-lymphocyte identification, anti-Leu-4 and anti-
Leu-5b mAb, which recognize the CD3 and CD2 de-
terminants, respectively, were used; CD2 ishighly con-
served among primates. The data showed that the
relative percentage of cells expressing the Leu-5b de-
terminant was significantly higher than the percentage

of cells binding the anti-Leu-4 mAb in each of the
species studied (P < 0.05) (Table ).

An important parameter in the study of T-lympho-
cyte responses in immunodeficiency diseases is the
proportion of cells belonging to the two main subsets
oflymphocytes, the inducer-helper (CD4+) and the cy-
totoxic-suppressor (CD8+) T-lymphocytes. In healthy
human beings, the ratio between CD4+ cellsand CD8+
cellsis always> I, whereas in the nonhuman primate
species in this study, the ratio of CD4+: CD8+ was < I.
Two different mAb specific for the CD4 receptor, anti-
Leu-3a and OKT4a, were used. Although OKT4a rec-
ognized a greater percentage of T-lymphocytes than
did anti-Leu-3a, the CD4+: CD8+ ratios were <1 in
each of the nonhuman primate species examined (ba
boons = 0.5, rhesus monkeys = 0.9, AGM 1= 04,
AGM 2 = 0.9), whereas the CD4+: CD8+ ratio in nor-
mal human volunteers was 2.5.

Discussion

This report details a comparative study in human
beings and nonhuman primates (baboons, rhesus mon-
keys, and African green monkeys) of some of the im-
munological parameters of importance in the study of
the pathogenesis of immunodeficiency diseases in-
duced by vira infections. The significance of natural
killer (NK) cells in the surveillance against infectious
agents and in the control of neoplastic growth has been
widely investigated, particularly in the mouse system."
In the present study, higher NK cell activity was ob-
served in rhesus monkeys as compared with that of
the other primates studied. This observation is con-
sistent with a previous report in which the cytotoxic
capacity of rhesus monkey peripheral blood Ilympho-
cytes (PBL) was evaluated against human NK cell-
sensitive and NK cell-resistant cell lines astargets.' An
unusually high NK cell activity was observed in rhesus
monkeys against the Epstein-Barr virus-transformed
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Table 2. Extended.

Mitogens
Pokeweed Mitogen

; Stimulation
Counts per Minute Index
18,983 + 2,273 38 + 13
17,404 + 4,003 33+ 13
6,126 + 473 20+ 2
164,216 + 4,318 10+ 3
7,875 + 2,558 64 + 24

cell line Rgji. The cells mediating this cytotoxicity be-
longed to a particular effector cell subpopulation bear-
ing the CD16+/CD2+/CD8+ phenotype. This high NK
cell activity may explain the resistance of rhesus mon-
keys to infection with Epstein-Barr virus. The NK cell
activity in our cohort of healthy human volunteers was
consistent with that of previous reports on NK cell
Iytic activity in human beings." Although significant
differences were observed in the NK cell lytic activity
among the species studied, there were no differences
in the relative percentages of lymphocytes expressing
the CD 16 NK cell phenotype (Table 1). There was no
positive correlation between the NK cell activity and
the percentage of CD 16+ lymphocytes; PBL from the
baboons studied had the highest mean percentage of
lymphocytes expressing the CD 16 phenotype yet dis-
played a relatively lower NK cell lytic activity com-
pared with that of human and rhesus monkey PBL.
These observations suggest the possible involvement
of CD16- subpopulations in the non-MHC-restricted
NK cell cytotoxic activity in nonhuman primates, es-
peciadly in the rhesus monkeys, which had arelatively
low percentage of CD 16+ cells and the highest NK cell
activity among the primates studied. The high NK cell
cytotoxicity observed in the rhesus monkey PBL may
be due in part to CD 16+ NK cells and in part to cells
expressing a phenotype different from CD 16 or to cells
belonging to the T-lymphocyte lineage." The NK cell
activity shown by PBL was different for rhesus mon-
keys and African green monkeys. Some African green
monkeys caught in the wild are naturally infected with
a simian lentivirus, simian immunodeficiency virus
(SIV), with no apparent pathologic effects.t" whereas
rhesus monkeys infected with a similar retrovirus dis-
played a symptomatology similar to that of human
AIDS.18 The apparent resistance of African green mon-
keys to diseases induced by SIV in rhesus monkeys
may result from a different ontogeny of immune cells
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and not from a higher NK cell activity, which may
dlow the existence of an asymptomatic but viremic
state, in contrast to the immunosuppressed state ob-
served in SIV-infected monkeys. A comparison ofthe
NK cell cytotoxic activity in the SIV-seronegative Af-
rican green monkeys in our study with the activity in
this species upon infection with SIV would be of in-
terest, particularly regarding the phenotypic charac-
teristics of the subpopulation(s) of NK cells mediating
the response.

In the mitogen-induced proliferation studies, PBL
from African green monkey group 1had ahigher mean
net counts per minute compared with that of the Af-
rican green monkey group 2; however, when the stim-
ulation indices were compared, group 1 proliferative
capacity was lower than that of group 2. This discrep-
ancy isexplained by the high spontaneous proliferation
observed in group 1. The use of stimulation indices
for evaluating proliferative responses in individuals
with either normal or altered immune functions is not
very satisfactory, particularly when the baseline in-
corporation of 3H-thymidine may be due to factors
independent of the ability of the lymphocytes to re-
spond to a stimulus." Although a difference in spon-
taneous proliferation was observed, there was no sig-
nificant difference in NK cell activity between groups
land 2.

The ratios of CD4+: CD8+ lymphocytes in al non-
human primates studied were < 1, whereas that of nor-
mal human beingswas approximately 2.5. Thus, in the
primates studied, there appears to be a "suppressed"
immunological statuswith regardto T-cell phenotypes,
although no experimental evidence exists to support
this notion. The greater number of CD8+ cellsin these
species is not reflected, however, in atruly suppressed
immunological status, as indicated by the functional
tests performed.

These observations on the normal immunological
functions of nhonhuman primates should be useful in
the study of immune alterations induced by viral dis-
eases in these animal models for human viral diseases.
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