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The measurement of cell-mediated immunity against the etiologic agent of human AIDS
(HIV) in the non-human primate model of AIDS (simian immunodeficiency virus, SIV) has
been difficuit. In general, culture of peripheral blood mononuclear cells from HIV-4- and
SIv-infected humans and monkeys, respectively, with purified inactivated HIV and SIV
virus preparations has given inconsistent or negative proliferative responses. However,
we describe herein an assay which consists of coculturing monocytes that have been
pulsed with inactivated SIV¢pn, with nylon-wool-purified autologous T cells, leading
to antigen-specific T-cell proliferation. The proliferative response, which predominantly
occurs in CD4+ T cells, is major histocompatibility complex (MHC) class ll-restricted
and requires antigen processing. This assay will greatly facilitate the identification of
the immunodominant epitopes recognized by T cells in sooty mangabeys, which are
naturally infected but remain clinically asymptomatic, and in rhesus macaques, in
which experimental infection leads to clinical symptomatology similar to human AIDS,
eventually resulting in death. . -
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i:.roduction

As a step toward delineation of T-cell-mediated immunity

against the etiologic agent of human AIDS, our laboratory
has been conducting studies on non-human primates nat-
‘urally or experimentally infected with the simian immun-
odeficiency virus (SIV) [1). A large majority (> 75%) of
the sooty mangabeys (Cercocebus atys) at the Yerkes Re-
~al Primate Research Center are naturally infected with

-+ SIV (the virus isolated being termed SIVsyy,) without
any apparent pathology or clinical sequelae. Experimen-
tal inoculation of 104 tissue culture infective dose (TCID)
of SIVgpm into healthy rhesus macaques (Macaca mu
lanta), however, results in the development of clinical dis-
€ases and death, very similar to human AIDS [2]. Thus
these two non-human primate species provide a unique

opportunity to differentiate protective from pathological
immune responses 0 SIVgmm.

Whereas cell-mediated immunity is thought to play a #a-
jor role in the host defense against viral infection, the

" study of cell-mediated immunity against HIV and SIV is
complicated by the ability of the virus to replicate 4and :

cause lysis of CD4+ T cells and monocytes, the two
cell types which are integrally involved in the induction
and effector function of cell-mediated immunity {3-5].
To address this issue, our laboratory has developed a T-
cell proliferation assay in which enriched populations of
monocytes are first pulsed with ultraviolet radiation-inac-
tivated SIVgnm, Washed free of excess virus, and then co-
cultured with autologous T cells. This procedure over-
comes the problems associated with the inhibitory ef-
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fect of intact virus and/or other contaminants which may
be involved in non-specific inhibition in the pathways in-
volved in antigen processing, presentation, and antigen-
specific T-cell proliferation. Such an assay provides a use-
ful tool for (1) the fine dissection of the cell subpopu-
lations involved in the immune response during SIV in-
fection; (2) the sequential monitoring of SIV,y,,,-specific
T-cell immunity; (3) the processing requirements and the
role of antigen-processing cells (APCs) during the course
of infection, and (4) the fine comparative analysis of the
T-cell SIV-specific response of the two species. In addi-
tion, this assay has facilitated the isolation of CD4+ and
CD8+ SIVgmm,-specific cloned T-cell lines from both ex-
perimentally infected rhesus macaques and asymptomatic
sooty mangabeys, which will provide valuable reagents
for the delineation of the immunodominant epitopes of
the SVgym that induce T-cell immunity in these two
. species. . -

Materials and metf;ods

Animals

Adult thesus macaques (Macaca mulatta) and sooty
mangabeys (Cercocebus atys) housed in individual cages
or in open pens at the Yerkes Regional Primate Research
Center were the source of peripheral blood samples uti-
lized during the course of this study.

All animals used in this study were maintained in accor-
- dance with the instructions of the Committee on the Care
and Use of Laboratory Animals of the Institute of Labora-
tofy-Animal  Resouirces, National Research Coungil,- and
the Department of Health and Human Services guide-
lines, ‘Guide for the Care and Use of Laboratory Animals’,
All animals used in this study were free of retrovirus D in-
fection and were seronegative for simian T-cell leukemia
virus type 1 (STLV-I) at the time of these studies,

Media Cone
- Media used throughout these studies consisted of RPMI-

- -1640 supplemented with 100 U/ml penicillin, 100 pg/ml

streptomycin, 2mmol/] L-glutamine and 10% heat-inacti-
vated (56°C, 30 min) fetal calf serum. For cloning pur-
poses, the medium was supplemented with 1000 U/ml
of recombinant interleukin 2 (r-1L2) (Hoffman-1La Roche,
Nutley, New Jersey, USA).

Antigens, mitogens and reagents
SVsmm Was originally isolated from asymptomatic sooty
mangabeys (1] by coculture with human phytohemag-
. glutinin P (PHA-P) blasts. A large pool of the SIVg,
was either grown in the HTC cell line by our lab-
oratory: or purchased commercially by contract (Ad-
vanced Biotechnologies, Silver Spring, Maryland, USA).
The pooled 2000 x concentrated SIV¢mm Preparation
conuined 5 X 1010 virus particles/ml and was aliquoted
in NUNC vials in 1 m! phosphate-buffered saline (PBS),

PH 7.4, and stored at —196°C until use. The virus prepa-
ration was inactivated by two sequential exposures to
a germicidal ultraviolet lamp (Sytvania Electric Products,
Danvers, Massachusetts, USA) for 2 min at a distan¢e of
3cm from the lamp in a laminar flow hood, follgwed
by the addition of 1% final concentration of psotalen
in dimethylsulfoxide (DMSO; Sigma Chemical Company,
St Louis, Missouri, USA) according to the procedure de-
scribed by Hanson ef al [6)]. Instead of psoralen, B+pro-
pionolactone at a final concentration of 0.015% can be
utilized for inactivation of SIV as described previously (7]
without affecting the antigenicity of the SIV preparation
as measured by the in vitro proliferation assay. The ef-
fectiveness of the inactivation process was assessed by
adding inactivated virus to cells in tissue culture and mea-
suring reverse transcriptase (RT) activity. Protein content
was determined using the Biorad (Richmond, Califognia,
USA) protein estimation kit. Two different strains of cy-

tomegalovirus (EMV) weré used: One consisted of the -

CMV strain and the other a rhesus CMV isolate (obtained

" courtesy of Dr T. McGraw, University of California, Dhwis,

California, USA). Both the viruses were grown in large
batches in the human W1-38 cell line, pooled, and shewn
to contain approximately 2 X 108TCIDsy CMV/ml. The
virus was aliquoted and stored at — 196°C until use. MV
was also inactivated prior to use by a procedure similar
to that described for SIV,,,,, above.

The mitogens concanavalin A and PHA-P were pur-=
chased from Sigma Chemical Company (St Louis, Mis-
souri, USA) and Difco Laboratories (Detroit, Michigan,
USA), respectively. Pokeweed mitogen was purchased
from Gibco Laboratories (Grand Island, New York,
USA). Paraformaldehyde and the inhibitors leupeptin and
chloroquine were purchased from Sigma. Tetanus toxoid
was obtained from Massachusetts Biological Laborato-
ries (Boston, Massachusetts, USA) and contained 0.33 mg
protein/ml or 420 LFU/ml.

Isolation of peripheral blood mononuciear cells and
preparation of APC-, CD4 +, and CD8+ ~enriched T-cell
subpopulations ’

T cells were purified from Percoll gradient-purified
PBMCs by passage over a nylon wool column as previ-
ously described [8]. The APCs were obtained by plating
an aliquot of the PBMCs at a concentration of 5 X 106ml
in7 x 7 cm polystyrene Petri dishes (Coming Glass, New
York, USA). The plates were incubated for 2h at 37°C in
a 7% CO, humidified atmosphere, and the non-adherent
cells were removed by careful aspiration followed by the
addition and removal of two cycles of 5 ml medium. The
adherent cells remaining in the plate were removed by
the addition of 1 mmol/} ethylenediaminetetraacetic acid
(EDTA) in PBS and placement of the Petri plate on ice
for 20 min followed by use of a sterile cell scraper. The
adherent cells (APCs) were washed twice with medium
prior to use.

Enriched populations of CD4+ and CD8+ T cells were
obtained by treatment of nylon-wool-purified T cells with
monoclonal anti-CD4 (Leu3a) and anti-CD8 (Leu2a) an-
tibodies (Becton-Dickinson, Mountain View, California,
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UsA) followed by rosette depletion with ox red blood
cells conjugated with affinity-purified goat anti-mouse im-
munoglobulin as described by Mayer et al [9]/and by
young and Lehner [10). Flow microﬂuoromer.r{c analy
sis of an aliquot of these enriched populations of CD4 +
and CD8+ T cells using fluorescein-conjugated Leu3a
and Leu2a reagents showed that these cells were < 95%

subpopulations. Typically, 20 ml heparinized blood
vielded 5-8 % 107 mononuclear cells from which nylon-
ool-purified T cells, CD4 + - and CD8 + -enriched T cells
and APCs were prepared for use in the proliferation as-

say.

Proliferation assay

For the standard assay, APCs prepared as described
above were adjusted to 2 x 106 viable cells/ml and
0.05ml dispensed into each well of a 96-well flat-bot-
romed microtiter plate. To each well was added 0.1 mi

.edium containing 10 pg ultraviolet and psoralen-inacti-

vated SIVgmm Of CMV (except for dose-response swud-
ies). Controls received medium alone. The microtiter
plates were then incubated for 3h at 37°C in 2 7% CO,
humidified atmosphere. Subsequently, the APCs were
washed with medium four times using a 12-channel mul-
tipipetter. The nylon-wool-purified T cells or enriched
populations of CD4+ and CD8+ cells were adjusted
to 4 X 106 viable cells/ml and 0.1 ml dispensed into ap-
propriate wells of the microtiter plates. Cultures were
performed in triplicate. The microtiter plates were then
incubated for 6 days at 37°C in a 7% CO, humidified
atmosphere, and 16h prior to harvest each well was
pulsed with 1uCi methyl->H-thymidine (specific activity
2 Ci/mmol, New England Nuclear, Boston, Massachusetts,
USA) in 0.02ml medium. The details of the mitogen-in-
duced proliferation assay and the allogeneic mixed lym-
phocyte culture assays have been published elsewhere.

ioning of SIV-specific CD4+ and CD8+ T cell lines

Nylon-wool-purified T cells from appropriate animals
were cocultured with autologous APCs (4 x 106/ml T
cells and 1 x 108/ml APCs) pulsed: with inactivated
SIVgmm (100 ug/ml). The cultures were incubated for 7
days at 37°C in a 7% CO, humidified atmosphere. Af-

ter incubation, the“cells were wished, layered over a

Ficoll-Hypaque gradient,.and centrifuged at 450g for -

30min. The cells at the interface were then subjected
> limiting dilution whereby the cell suspension was di-
luted to contain approximately 0.3 cel/0.1ml; the sus-
pension was then dispensed into individual wells of a
96-well round-bottomed plate which contained irradiated
(25Gy) 5 x 104 autologous PBMCs in a volume of 0.1 ml.
The medium consisted of RPMI-1640 supplemented with
penicillin, streptomycin, L-glutamine 20% heat-inactivated
fetal calf serum, and 1000 units r-IL2/ml. Positively grow-
ing cultures were expanded in vitro in similar media.
~ulk cultures were then obtained and the majority of the
cells cryopreserved. An aliquot was then placed in 30 ml
flasks with autologous APCs pulsed with SIVgmm. A total
of 2 x 106 cloned T cells were cultured with irradiated
(25Gy) 5 x 105 APCs pulsed with 50 pg SIVgmm. After 7
days in culture, the cells were washed, layered over Ficoll-

Hypaque gradient, centrifuged at 4508, and the cells at
the interface collected, washed in medium, and tested
for antigen specificity. The 48 h in vitro proliferation as-
say was utilized to test for specificity. The cloned T-cell
lines were maintained in medium containing 1000 units
r-I12/ml and restimulated every 14 days with autologous
APCs pulsed with_inactivated SIVsmpy. Aliquots of each
cloned T-cell line were also subjected to phenotypic anal-
ysis using a battery of monoclonal antisera and flow mi-
crofluorometry.

Antisera

Monoclonal anti-MHC class 1 monomorphic antiserum
(clone W6/32) was purchased from Serotec Lid (Indi-
anapolis, Indiana, USA) and monoclonal ant-MHC class I
monomorphic antiserum was produced in our laboratory
(clone L-243), obtained from the American Type Culture
Collection (ATCC; Rockville, Maryland, USA). Other mon-
oclonal antisera were purchased from Becton-Dickinson,
(Mountain View, California, USA). Normal mouse serum
was obtained from Balb/c mice from our animal colony
at Emory University. The mouse serum was absorbed
with human' PBMCs and kaolin and passed through a
0.22 um millipore filter prior to use.

Results

Speciﬁcityofﬂlelnvltroprolifenﬁvempomof
PBMCs from rhesus macaques and sooty mangabeys

A series of preliminary experiments was performed to
establish optimum culture conditions, dose of virus,
and cell concentrations. Data from these initial stud-
jes showed that the maximum proliferative response of
nylon-wool-purified T cells cocultured with autologous
APCs occurred between days 5 and 6 of culture. The op-
timal ratio of T cells and APCs was determined to be
4 x 105 and 1 x 105 cells, respectively, in a total volume
of 0.2 ml. The optimum concentration of ultraviolet light-
and psoralen-treated virus preparations used for pulsing
of autologous APCs that gave maximum proliferative re-
sponses ranged between 5 and 10 pg/culture. Such val-
ues were used throughout these studies unless otherwise
noted. . - C

The specificity of these assays was established utilizing
nylon-wool-purified T cells and autologous APCs from
PBMCs of three uninfected rhesus macaques, three rhe-
sus macaques that were experimentally infected with
SIVgmm, three SV, virus-negative and seronegative
sooty mangabeys, and three SIVgnm virus-positive and
seropositive sooty mangabeys. All animals were asymp-
tomatic at the time of this study. As seen in Fig. 1, while
T cells from all the animals responded to CMV-pulsed
autologous APCs and to allogeneic cells in MLR, only
T cells from the SIVypmp-infected thesus macaques and
sooty mangabeys showed proliferation with autologous
APCs pulsed with SIVgy,m. These data demonstrate that
only T cells from SIVgpn-infected animals proliferate in
response to autologous APCs pulsed with SIVgmm. The
inability of T cells from uninfected or SIVgympy-seronega-

401
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tive animals to respond to autologous APCs pulsed with
SVsmm Was not secondary to defective T cells, since
these T cells do respond to autologous APCs pulsed with
CMY, autologous cells and polyclonal mitogens. Of in-
terest is our consistent observation that the magnitude
of the proliferative response by T cells from SIV-posi-
tive sooty mangabeys to autologous APCs pulsed with
SIVsmm» CMV or allogeneic cells was always lower than
similar responses by T cells from the rhesus macaques
experimentally infected with SV, ... The response of T
cells from both species to polyclonal mitogens, however,
was similar (data not shown). In addition, the T-cell re-
sponse from these two species to -IL2 in vitro was also
very similar (data not shown). These data suggest that
the lower response of T cells to autologous APCs pulsed

with SIVsp,,, CMV or allogeneic cells is not setondary to

an intrinsic defect of T cells from sooty mangabeys to,
proliferate in vitrp. Furthermore, the difference was not
" secondary 10 kinetics of the proliferative response (day of
- harvest), or to the dgse of viral antigens used for puls~
ing, or to cell concentrations of T cells and APCs. The
reasons for this difference are not clear at present. How-
ever, it could reflect the differences in the secretion of
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other lymphokines and co-stimulator molecules in such
an assay system.

Both CD4 + and CD8+ T cells proliferate in response
to autologous APCs pulsed with SIV,,., and CMV
Nylon-wool-purified T cells and enriched populdtions
of CD4+ and CD8+ cells from three uninfected rhe-
sus macaques, three SV, -infected rhesus macagjues,
three virus-negative and seronegative sooty mangabeys,
and three SIVgyy, virus-positive and seropositive sooty
mangabeys were assayed for their proliferative response
to autologous APCs pulsed with varying doses (0.1, 1.0, 5,
10, and 25 ug/105 APCs) of ultraviolet and psoralendnac-
tivated SIVsmm or CMV. Maximum proliferative response
wasobtainedwiththeuseofwugofthevirusptepa-
ration used for pulsing the autologous APCs; hences, for
brevity, only the data obtained with this concentratiop are
shown in Fig. 2. As can be seen, whereas unseparated T
cells and enriched populations of CD4+ and Cb8+ T :

. cells from hoth SIVg,-positive and -negative animals re-
~ sponded to autologous APCs pulsed with CMV, the pfolif-

erative response to autologous APCs pulsed with SIV .,
wasseenonlywithunsepamedandmﬂdxedpcpula-
tions of CD4+ and CD8+ T cells from SIVy,-infected
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Fig. 1.Specificity of the in vitro response of nylon-wool-purified T cells cocultured with autologous antigen-presenting cells (APCs; 4 X 105

Tcellsand 1 x 1

APCs per culture) pulsed with control medium (B)
10 ug rhesus cytgmegalovirus (CMV-Rh) per culture (D). In addition, T ¢
cells (00). Cultures were incubated in microtiter plates for 6 days and

, 10 ug simian immunodeficiency virus (SIV,,,.) per culture (), or
ells were cocultured with allogeneic peripheral biood mononuclear
proliferation measured as described in Materials and methods. (a)

Response of three uninfected rhesus macaques (SIV- Rh1, 2, and 3) and three rhesus macaques experimentally infected with SIV,
(SIV+ Rh1, 2, and 3) for periods of 15, 18, and 20 months, (b) Response of three SIV virus-negative and seronegative (SIV= Mn1, 2, and
3) and three SIV virus-positive and seropositive sooty mangabeys (SIV+ Mn1, 2, and 3).
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Table 1. Effect of antibodies against monomorphic major histocompatibility complex (MHC) class 1 and class Il antigens on the in vitro proliferative responses
of nylon-wool-purified T ceils to autologous, antigen-presenting cells (APCs) pulsed with simian immunodeficency virus (SIV g,y Or cytomegalovirus (CMV)",

Uptake of 3H-TdR (mean cp.m. £ s.em) X 10~ 3

source of T cells Addition of APCs with SIV % Inhibitiont APCs with CMV % inhibitiont

siv-infected rhesus 1

Medium 154 + 21 - 214+ 16 -
Anti-class | 113+ 08 26.3 153+ 07 287
Anti-class Il 3412 78.1 7210 65.2
NMS 164 + 1.8 -69 185+ 21 13.7
SIV-infected rhesus 2
Medium 247 £ 17 - 327 £27 -
Anti-class | 163 £ 2.0 340 214+ 30 346
Anti-class Il 63 £ 0.5 747 146 + 09 55.3
’ NMS 203+ 19 178 269 £ 3.1 17.4
SiV-positive mangabey 1
Medium 97+05 - 13206 -
Anti-class | 8909 76 96 £ 0.5 17.2
iad Anti-class Il 33£07 66.3 3 43+03 67.8
. NMS 79 £ 06 18.8 : 123%07 - T 69
SIV-positive mangabey 2 o
Medium 7404 - 11.4 £ 09 -
Anti-class | 6.0 £ 04 184 78+ 06 314
Anti-class Il 31+£02 57.5 4203 63.6
NMS 70+ 07 57 93+ 05 194

“Nylon-wool-purified T ceils (4 x 105/culture} were cocultured with autologous APCs (1 X 105/culture) that were pulsed with 10 g of either SIV/SMM or
CMV; 104l of undiluted monomorphic MHC class |, 10l of undiluted MHC class Il antiserum, 10l of normal mouse serum (NMS), or 10l of medium
was then added to each appropriate culture and the cultures harvested on day 6. T cells and APCs were obtained_from two rhesus macaques that were
experimentally infected with SiV/SMM for periods of 17 and 21 months and two adult sooty mangabeys that were SIV/SMM-seropositive, as determined
by enzyme-linked immunosorbent assay (ELISA) and Westemn blot analysis. T9% Inhibition was calculated as follows: 1 — (mean c.p.m. of cultures receiving
antiserum)/(mean c.p.m. of cultures receiving medium) x 100. 3H-TdR, methyl-3H-thymidine. )

Table 2. Effect of incubation temperature for the pulsing of antigen-presenting cells (APCs) and the effect of paraformaldehyde fixation (P} of APCs prior
-nd post pulsing with simian immunodeficiency virus (SIV,,.) or cytomegalovirus (CMV).

Uptake of 3H-TdR (mean c.p.m. + s.em) x 103

T cells cocultured with Temperature of
-, Experiment autologous APCs pulsed with - incubation Rhesus - ) . Mangabey <
1 . Medium : oo c - 04006 - 0.2 + 0.05
' SIVemm 4°C . 23+ 007 _ 04 % 0.07
. CMV , 4°C ' 18 £ 04 0801
Medium ’ 37°C 0.2 + 0.05 0.6 % 005
SIVymen 37°C 281 %13 80%05
CMV 37°C 47 £ 41 130+ 10
2t Medium + 1% PF prior 1804 0.4 %01
SVnm + 1% PF prior 23£03 0.6 + 0.07
CMV + 1% PF prior 11£02 07 % 0.09
Medium + 1% PF prior 1.0 £ 0.06 0.3 + 008
SV mm + 1% PF prior 19.3 £ 09 0.6 + 0.09
CMV + 1% PF prior 105 £ 0.8 09 % 0.1
SV emm 28915 8905
CMV 347 £ 5.2 147 £ 09

"APCs were pulsed with medium (control), 10 ug SIVmmor 10 ug CMV at 4°C or 37°for 3h, washed, then cocultured with autologous T cells (1 x 105
APCs with 4 x 105 T cells) from a rhesus macaque experimentally infected with SIV/SMM and a virus-positive, seropositive sooty mangabey naturally
infected with SIv/SMM. tAPCs from an experimentally infected rhesus macaque and a virus-positive, seropositive sooty mangabey were treated with 1%
fresh paraformaldehyde for 5 min prior to pulsing or after 3h of pulsing at 37°C with medium (controf), 10 ug SIV/SMM or 10 ug CMV. Subsequently, the
APCs were washed and cocultured with autologous T cells (1 X 105 APCs with 4 x 105 T cells). 3H-TdR, methyl-3H-thymidine.
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Table 3. Effect of antigen-processing inhibitors on the ability of antigen-presenting cells (APCs) to present simian immunodeﬁciency'\)iiﬁs (SIVg ) OF

cytomegalovirus (CMV) to autologous T cells®.

Uptake of 3H-TdR (mean counts/min + s.em.) ACPs pulsed with

APCs and Inhibitor
T cells from (concentration) SVemm %inhibition CMmv %inhibition
SIV-negative rhesus 1 Medium 210 + 10 - 21742 + 2346 -
Leupeptin (1 mmol/l) 900 £ 91 - 8621 x 1597 60.1
Chloroquine (0.1 mmol/l 1147 + 162 - 2261 * 138 89.6
SIV-positive rhesus 1 Medium 12107 + 1357 - 18954 + 926 -
Leupeptin (1 mmol/l) 3617 x 61 70.2 4737 £ 532 751
Chloroquine (0.1 mmol/l 3556 £ 45 70.7 2145 + 586 88.7
SIV-positive rhesus 2 Medium 7458 £ 914 - 27349 + 1562 -
Leupeptin (1 mmol/l 3446 + 149 538 7948 4 689 710
. Chioroquine (0.1 mmol/l) 2729 + 304 63.5 5564 + 733 79.7
SIV-positive mangabey 1 Medium 5327 + 426 - 9013 £ 699 -
Leupeptin (1 mmol/) 1438 £ 159 67.0 5362+ 701 . 40.5
. Chioroquine (0.1 mmol/ 726 + 88 86.4 3367 £ 765 . 627
 SIV-positive mangabey 2 Medium 4951 + 231 iL- . 8136 4% - -
. . T Leupeptin (1 mmol/) 1926 + 435 ' 611 - " 4747 £ 367 ) 417
Chloroquine (0.1 mmol/l 823 + 54 , 834 3012 £ 732 ) 63.Q

*APCs from one uninfected rhesus macaque and two rhesus macaques experimentally infected with SIV,,mand two SIV virus-positive seropositive sooty
mangabeys were pulsed with either 10 g inactivated SIVppmo0r 10 ug CMV per 10° cells in the presence of medium (control) leupeptin or chloroquine
for 3h at 37°C in a 7% CO, humidified atmoshpere. The APCs were then washed and cocultured with autologous T cells (1 X 105 APCs and 4 x %05 T
cells) for a period of 6 days and the proliferative response measured as described in the Materials and methods section. 3H-TdR, methyl-3H-thymidine.

animals. Although both CD4 + and CD8+ T cells prolif-
erate when cocultured with autologous APCs pulsed with
either SV, or CMV, it is clear that the predominant
response was seen with CD4+ T cells in both species.
Again, as described above, the relative magnitude of the
proliferative response was greater by T cells and CD4 +
T cells from rthesus macaques than by T cells and CD4 +
T cells from sooty mangabeys. Of interest was the obser-
vation that depletion of CD8+ T cells from PBMCs of
all three rhesus macaques resulted in an enhanced pro-
liferative response by enriched CD4 + T cells cocultured
with autologous APCs pulsed with either SIV,,, or CMV.
A similar enhancement of the proliferative response was
not seen with CD8+ T-cell-depleted, CD4+ T-cell-en-
riched populations of cells from sooty mangabeys.

Effect of monoclonal antibodies against cell surface
antigens on the in vitro proliferative response
Nylon-wool-purified T cells from two SIV,y,m-infected but
asymptomatic rhesus macaques and two SV, -infected
sooty mangabeys were cocultured with autologous APCs
pulsed with either SV, or CMV. To triplicate cultures
of each combination of T cells and antigen-pulsed APCs
was added 1, 5, 10 or 20 ul undiluted anti-MHC class I
MHC class 11, normal mouse serum (all at 1.0 pg/ml ant-
body) or medium (control). For the purposes of brevity,
only the data with the use of 10 ul of each serum are re-
ported. As seen from Table 1, the addition of 10 pl anti-
MHC class 1I antiserum significantly (P < 0.01) inhibited
the proliferative response of T cells from both species
to autologous APCs pulsed with either SIVy, . or CMV.
In addition, in most cases significant inhibition was also
seen with the addition of 10 p! of anti-MHC class I ant-
serum but not to the same level as seen with anti-MHC

class I antiserum. This pattern of inhibition was not sec-
ondary to the dose of anti-MHC class I or class 1I antisera
used. R
The proliferative response of T cells to autologous APCs
pulsed with SIV,,,, requires antigen processing

To delineate the processing requirements of the SlVem
by APCs, experiments were performed in which APCs
were pulsed at 4° or 37°C. As seen in Table 2, opti-
mum T-cell proliferation from both species was sden
with APCs pulsed at 37°C. In addition, treatment of ARCs
with paraformaldehyde prior to pulsing with SVenm
failed to induce optimal proliferation of autologous T
cells. However, significant proliferation was observed
with APCs from rhesus macaques that had been treated
with paraformaldehyde after pulsing with SIV¢p, or CMV
(Table 2). A similar assay performed with T cells and
APCs from SIV-seropositive sooty mangabeys essentially
gave similar results except that paraformaldehyde fixing
of autologous APCs either prior to or after SIV,p,, pulse
failed to induce significant proliferation of T cells (Table
2). Although the proliferative response of T cells fram
sooty mangabeys is comparatively weak and thus sub-
ject to interpretation, these data suggest that T cells
from sooty mangabeys may either additionally require
costimulator accessory molecules or predominantly rec-
ognize different forms of processed SIVyy, and CMV
antigens. Experiments performed with antigen-process-
ing inhibitors such as leupeptin and chloroquine showed
that treatment of APCs during pulsing with SIVsmm OF
CMV with these inhibitors significantly inhibited the pro-
liferative response of autologous T cells from both rhe-
sus macaques and sooty mangabeys (Table 3). The in-
hibition of this proliferative response was not secondary
to the presence of residual amounts of these inhibitors
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. «IYMIDINE MEAN CPM X 10 +S.D.

SIV/ISMM

SIV+Mn 1

/+Mn 3

STV+Mn 2

UPTAKE OF METHYL K-

SIV*Mn 1

Fig. 2. In vitro proliferative response of unseparated nylon-wool-purified T cells (00), enriched CD4+ T cells (0), and enriched CD8+

T cells (W), each cocultured with autologous antigén-presenting cells (APCs) pulsed with 10 g of ultraviolet- and

psoralen-inactivated

simian immunodeficiency virus (SIV,mm: a and © or rhesus cytomegalovirus (CMV-Rh; b and d). Each culture consisted of 4 X 105 T cells

and 1 X 105 APCs. (a and b) Response of cells from three rhesus macaques (SIV*RH1, 2, and 3) experimentally
for periods of 16, 19, and 24 months. Media controls gave mean c|
-fractionated CD4+ and CD8+ cells from Rh1; 2356 £ 337, 1525

infected with SIVyny

p.m.  sd. values of 2146 £ 219, 1930 4+ 137, and 848 % 62 for
+ 62, and 948 = 91 for similar cells from Rh2; and 3456 & 437,

i + 144, and 1136 % 54 for similar cells from Rh3, respectively. (a) Response to SIV . (b) Response to CMV-Rh. (c, d) Response of
.ils from three SIV virus-positive, seropositive naturally infected sooty mangabeys (SIV+, Mn1, 2, and 3). Note: media controls gave mean
c.p.m. £ s.d. values of 1210 + 42, 897 % 56, and 323 + 54 for unfractionated CD4 +- and CD8 + -enriched cells from Mn1; 1013 & 42,
537 % 97, and 232 & 16 for similar cells from Mn2; and 1532 & 231, 602 + 48, and 211 % 41 for similar cells from Mn3, respectively. ()

Response to SIVy,m- (d) Response to CMV-Rh. .

in the APC cultures, The final wash fluid of the culture
“after; treatment with leupeptin and chloroquine failed to

. demonstrate inhibition of fresh T cell and APC cultures

<ayed separately for SIV- or CMV-specific proliferation.

;‘?erivation of SIV, ,m-specific CD4+ and CD8+ T-cell
tnes
Nylon-wool-purified T cells from SIVgny,-seropositive
sooty mangabeys and experimentally infected rhesus
macaques were cocultured with autologous APCs pulsed
with an optimal dose of SIVgyy, for a period of 7 days.
The cell cultures were then cloned using a limiting dilu-
tion assay whereby the cells were diluted to 0.3 cell/well.
~~itive clones were expanded using media containing r-
i and then restimulated with autologous SIVgmm-pulsed
APCs. Several T-cell lines were thus prepared and exam-
ined for antigen specificity and cell surface phenotype.
As seen in Table 4, two CD4+ and one CD8+ SIVgnp,-
specific T-cell lines have been established from a rhesus
macaque. In addition, one CD4 + and two CD8+ T cell
lines specific for SV, have been established from nat-

urally infected sooty mangabeys. These cell lines are spe-
dific for SIVgpn since proliferative responses were seen
only when they were cocultured with autologous APCs
pulsed with STV, but not with CMV or tetanus toxoid.
These T-cell lines will be valuable as reagents to examine
differences, if any, that may exist between the epitopes
of SIVypm that are recognized by experimentally infected
thesus macaques and naturally infected sooty mangabeys.

Discussion

The data presented in this communication demonstrate
the presence of in vitro T-cell proliferative responses
to ultraviolet light and psoralen-inactivated SIVgmn pre-
sented by autologous APCs. The proliferative responses
are antigen-specific in that T cells only from SIVgmm-
infected rhesus macaques and SIVgy,n,-S€ropositive sooty
mangabeys proliferated in vitro. This failure to prolif-
erate by cells from uninfected monkeys was not sec-

405
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Table 4. Specificity of CD4+ and CD8+ cloned T-cell lines from simian immunodeficiency virus (SIV, -infected rhesus macaques aﬁdﬁaturally infected

sooty mangabeys*.
N Uptake of 3H-TdR (mean c.p.m. + s.e.m)
T cell line Speciest Phenotype Medium Siv CMV L

EUB7-SIV-003 Rhesus CD4+ 323+ 44 46411 % 2337 478 + 24 513 £ 119
EU87-Siv-007 Rhesus CD4+ 237 + 26 28924 £ 1319 354 + 44 391+ 72
EUB7-SIV-0012 Mangabey CD4a+ 412 % 35 33414 £ 1566 397 & 52 736 x 66
EU87-SIV-004 Rhesus CD8+ 1014 & 59 14362 + 736 1225 £ 103 2022 £ 217
EUB7-SIV-009 Mangabey cD8+ 298 + 32 21298 + 904 416 59 518 60
EU87-SIV-010 Mangabey CD8+ 256 + 27 9414 £ 331 381 £ 26 564 £ 74

“The T-cell lines were cultured with autologuos antigen-presenting cells (APCs; 2 X 105 T cells and § X 104 APCs) pulsed with either medium (control),
SIVimm{10 pug/culture), cytomegalovirus (CMV; 10 pug/culture) or tetanus toxoid (TT; 5 pg/culture) for a period of 48 h. The cultures were harvested after
an 8h puise with 1uCi methyl-3H-thymidine H-TdR) and the mean counts/min of triplicate cultures calculated. TRhesus, cell lines derived from rhesus

LRI X

'3

macaques; mangabey, cel! lines derived from sooty mangabeys.

"ondary to defective T cells since aliquots of the same i

T cells proliferated Wwhen -cocultured with autologous

cific mitogens and allogeneic cells. These resuits provide
compelling evidence for physiologically relevant cell-me-
diated immunity during SIV infection. The finding that
inhibitors of antigen processing such as leupeptin and
chloroquine were effective in inhibiting the appropriate
presentation of SV, to T cells from SIVgy,,-infected

monkeys (see Table 3) m the T-cell responses.

being measured were p tly against processed
forms of SIVgy,m. The obsetvation that autologous APCs
from sooty mangabeys treated with 1% paraformaldehyde
prior to pulsing with SIV or CMV do not present the

approprlate antigens is not unexpected. However, the

" 1% paraformaldehyde after pulsing with SIV or CMV to

1Ry

present antigens to T cells from rhesus macaques raises
some interesting questions. These data may be inter-
preted to indicate that T cells from sooty mangabeys nat-
urally infected with SIV¢y,;, may recognize forms of pro-
cessed SIVyy,y, antigens different from those recognized
by T cells from rhesus macaques experimentally infected

With SVemm. On the other hand, perhaps APCs_ from

300ty ‘Mangabeys process Sy, peptides’in 2 manner
distinét from that of rhesus macaques. Finally, it is also
quite possible that different pathways of T-cell activation
occur in the two species. Further studies are needed to
address this issue.

erative responses of T cells and isolated enriched popula-
tions of CD4+ T cells cocultured with either SIVgy, - Or
CMV-pulsed autologous T cells from these two species
warrants discussion. It was reasoned that such lower re-
sponses of T cells from sooty mangabeys may be sec-

ondary to a higher relative frequency of recirculating

CD8+ T cells in the peripheral bldod of this species
[11], which, in contrast to CD4+ T cells, are known
to proliferate to a lesser extent. It is quite possible that
chronic SV, infection of sooty mangabeys leads to a
higher frequency of virus-infected CD4+ T cells as com-
pared with experimental infection of rhesus macaques.

; . RN - 3 %
Such increased virus replication guay result in lysis df the
infected cells and thus lead to a decrease of CD4 + T.cells
from PBMCs of spoty maf 'in our assay 7. On
the-other hand, it is possible that such differences ate ei-
ther secondary to autologous cytolytic T lymphocyse ac-
tivity in cultures of CD4 + T cells from sooty \
as described with human T cells by Siliciano ez al [12],
or due to specific requirements of other cofactors not ef-
ficiently being synthesized or secreted by CD4+ T cells

. and/or APCs from sqoty mangabeys. Studies are currently
* under way to address this issue.

A small antigen-specific proliferative response was ob-
served with CD8+ T cells. This response was apparently
MHC class I-restricted. It is not clear whether this repre-
sents minor access of endocytosed antigen; to the MHC
class I processing pathway compared with a processing:
independent response. The isolation of cloned T-cell
lines specific for SIVgmy from experimentally infected
rhesus macaques and naturally infected sooty mangabieys,
as shown in Table 4, will provide valuable reagents to

- ascertain possible differences in the SV, epitdpes

that are recognized by T cells from those two monkey
species. It remains to be seen whether these cloned T-

tafge[ Cells. 9

In summary, we describe a T-cell proliferation assay
which allows for the evaluation of both the monocyte:and
T-cell contributions to cell-mediated immunity. Such an

. e e ¢t »0 - assay should prove uséfil in sequentially monitoring the
The consistent differences in the magnitude of the prolif-

function of these two cell types during the course of SIV
infection. In addition, such as assay might help prowide
clues in determining why sooty mangabeys are chroni-
cally infected with SIV, yet remain clinically asymptomatic.
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