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ABSTRACT SIVsmmPBjl4, a variant simian immunode-
fciency virus isolated from a pig-tailed macaque, stimulates the
proliferation of macaque T lymphocytes in vitro and induces an
acutely lethal disease in macaques characterized, in part, by
lymphadenopathy and splenomegaly. To determine whether
SIVsmmPBjl4 exhibits superantigen-ike activity, in vitro and in
vivo studies of T-cell receptor Vp repertoire were undertaken
using PCR-based quantitative methods. Whereas in vitro phy-
tohemagglutinin stimulation of macaque peripheral blood lym-
phocytes did not cause a perturbation of T-ceil receptor Vp
repertoire, SIVsmmPBj14 stimulated the expsn of both
CD4+ and CD8+ T-lymphocyte subpopuiations expressing the
Vp7 and Vpl4 gene families. Such Vp7 and Vp14 ex s
could be confirmed by a multiple RNase protection assay.
Furthermore, the ex of the same lymphocyte subpop-
ulations was also detected in peripheral blood lymphocytes and
lymph node cells ofvirus-infected macaques. These observations
suggest that SIVsmmPBjl4-mediated Vp expnon may con-
tribute to the induction ofan acutely lethal disease in macaques.

T lymphocytes play an important role in the immunopatho-
genesis of AIDS. Elucidating the molecular interactions ofT
lymphocytes and the AIDS virus is, therefore, of central
importance for understanding the immune sequelae of an
AIDS virus infection. Studies undertaken to determine
whether superantigen-mediated depletion events (1-5) con-
tribute to the loss ofboth function and numbers ofCD4+ cells
in AIDS have been inconclusive (6-9). Further studies are
therefore needed to determine whether superantigen-like
activity of the AIDS virus may have an impact upon AIDS
pathogenesis. Simian immunodeficiency virus (SIV)-infected
nonhuman primates are valuable models for the study of
AIDS (10-12). Whereas infection with SIV and human im-
munodeficiency virus usually causes chronic and progressive
immunodeficiency, infection ofpig-tailed macaques (Macaca
nemestrina) with a variant isolate, SIVsmmPBjl4, results in
an acute lethal disease (13-16). The acute disease is charac-
terized by fulminant diarrhea, high circulating levels of
inflammatory cytokines, and death within 5-10 days of
infection. Moreover, SIVsmmPBjl4 has been shown to ac-
tivate and stimulate proliferation of resting macaque periph-
eral blood lymphocytes (PBLs) in vitro (17). These observa-
tions raise the possibility that SIVsmmPBjl4-mediated acti-
vation ofT-lymphocyte subpopulations may contribute to the
ability of this virus to induce a lethal disease. Studies were
done to assess this possibility.

MATERIALS AND METHODS
Animals. Pig-tailed macaques were experimentally in-

fected with biologically cloned SIVsmmPBjl4 (13). These

animals were maintained in accordance with the guidelines
of the Committee on Animals for the Harvard Medical
School and the "Guide for the Care and Use of Laboratory
Animals" [Department of Health and Human Services
publication no.. (National Institutes of Health) 85-23, re-
vised 1985].
In Vitro Stimulation of Macaque PBLs. PBLs were

isolated from heparinized blood of 12 normal, uninfected
macaques by Ficollsodium diatrizoate (LSM, Organon
Teknika, Durham, NC) density gradient centrifugation and
then cultured for 5-8 days in the presence of phytohemag-
glutinin (PHA; 0.1%) or infectious SIVsmmPBjl4, a quan-
tity equivalent to 1-5 ng of SIV p27 per ml. For macaques
542 and 543, uninfected PBLs (5 x 106) were viably frozen
before SIVsmmPBj inoculation and were subsequently
thawed and stimulated with autologous infected lymph node
cells (1 x 106).
mRNA Extraction, cDNA Synthesis, and PCR Analysis of

T-Cell Receptor (TCR) Vp Expression. mRNA extraction,
cDNA synthesis, and PCR-based quantitation were per-
formed as described (7).

Multiple RNase Protection Assay. PBLs were stimulated
as described above and subjected to an RNase protection
assay using a lysate derived from Escherichia coil as a
negative control. Antisense RNA probes were synthesized
using the T7RNA polymerase and PCR-amplified Va cDNA
containing the sequence of the T7 promoter underlined
below. The cloned Vp3 (one gene), V,97 (three genes), V,10
(one gene), and V,14 (two genes) cDNAs were amplified
individually by PCR using the following primers: sense Vp3
CCT TTT GTT TCC TGG CTG TA; antisense Vp3 AAI
TTA ATA CGA CTC ACT ATA GGG ATC AGG GAG
AAG CGC TCC; sense V,7 ATG GGC TGC AGG ATC
CTC TG; antisense Vp7 AAT TTA ATA CGA CTC ACT
AlA GGG ATC TTG GAG CAT TCA GGT; sense Vp10
CGG TTG GCT CAG ACT TCT C; antisense V,10 AAI
TTA ATA CGA CTC ACTATA GGGATC TCC AAG GTA
CAG G; sense Vp14 GCC CCT TGG AAT TCC AAG TG;
antisense Vp14 AAT TTA ATA CGA CTC ACT ATA GGG
ATC AGG GGG AAA TTC C. RNA hybridization and
RNase protection were performed following the instruc-
tions included with the RNase protection assay (United
States Biochemical). The protected RNA fragments were
denatured and separated on 5% long ranger sequence gels.
CDR3 Length Analysis. CDR3 length analysis was carried

out as described (18). cDNA were amplified by PCR using the
Vp7 or Vp14 and Col primers previously employed for V's
repertoire analysis (7). The second round of PCR was per-
formed using nested Vp7 (Vp7NS) or Vp14 (V914NS) primers
and a Ct, (CAR) primer, designed as described (18). The

Abbreviations: SIV, simian immunodeficiency virus; SIVsmm, SIV
of sooty mangabeys; TCR, T-cell receptor; PBL, peripheral blood
lymphocyte; PHA, phytohemagglutinin.
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FIG. 1. PCR analysis ofTCR Vp gene expression in unstimulated and PHA- and SIVsmmPBjl4-stimulated PBLs. (A) Autoradiogram ofTCR
Vp transcript ofPHA- (upper panel) and SIVsmmPBjl4-stimulated PBLs (lower panel) obtained from a normal macaque (Mn542). The numbers
indicate lanes in which the noted Vp gene families are present. (B) Comparison of Vp expression in PHA- or SIVsmmPBjl4-stimulated PBLs
with those in unstimulated PBLs. Individual Vp expression was estimated, as described (7), as the percentage of total Vp cpm ofeach stimulated
or unstimulated PBL population. Thus, values for each Vp gene family represent the ratio of the % of total cpm obtained from PHA- (0) or

SIVsmmPBjl4-(m) stimulated PBLs relative to the corresponding % from unstimulated PBLs. A value of 1.5 (dotted line) for Vp comparison
was defined based on the mean + 2.2 SD of representative Vp ratios derived from multiple amplifications ofcDNA generated from lymphocytes
of a normal macaque.

sequences for the primers were as follows: Vp7NS, CTC
AGC CCT GTA TCT CTG CG; Vp14NS, GAC CTC TCT
GTA CCT CTG TG; and CpR, CTT CTG ATG GCT CAA
ACA C with its 5' end 32p labeled. The amplified TCR
chains of various CDR3 lengths were visualized as series of
radiolabeled bands 3 bp apart on a 6% polyacrylamide
sequencing gel.

RESULTS AND DISCUSSION
In vitro studies were initiated to determine whether SIVsmm-
PBj14 can stimulate a large fraction of particular Vr
expressing lymphocyte subpopulations. SIVsmmPBjl4-
stimulated PBLs exhibited a selective expansion of T-lym-
phocyte subpopulations expressing TCR employing the V,7
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FIG. 2. TCR V,3expression in SIVsmmPBjl4-stimulated CD4+ or CD8+ cells compared with those in PHA-stimulated CD4+ and CD8+ cells.

Values are ratios of individual Vq, gene expression (% of total V,3 cpm) in SIVsmmPBj14-stimulated CD4+ (r4 or CD8+ (m) cells relative to %

of the corresponding V,3 gene families in PHA-stimulated CD4+ or CD8+ cells.

and V,314 gene families (Fig. 1). No significant increase in V,37

or V,314 expression was detected in PHA-stimulated macaque

PBLs. In contrast, 1.86- to 3.96-fold increases in V,97 and

V,314 expression were seen in SIVsmmPBjl4-stimulated

PBLs obtained from six macaques. Statistical analysis indi-

cated that the selective expansion of lymphocytes expressing

TCR V,07 and V1314 was highly significant (P < 0.01). To

determine whether this apparent SIVsmimPBj14-miediated Vs
stimulation simply reflected a virus-induced alteration in the

relative number of CD4+ and CD8+ cells present in the PBL

population, cDNAs from the CD4+ and CD8+ cell popula-
tions isolated using immunomagnetic beads (7) were sub-

jected to the PCR-based V,3 analysis. SIVsmmPBjl4 selec-

tively stimulated V,97 and V,914 gene family expression in

both CD4+ and CD8+ lymphocytes (Fig. 2).

To confirm that lymphocytes expressing selected TCR Vp
gene families were being expanded upon exposure to SIVsmm-

PBj14, V,97 and V,914 RNA expression in virus-stimulated

macaque PBLs was assessed employing the multiple RNase

protection assay. Even in the absence of PCR amplification,

V,07 and V,014 expansions were detected by RNA hybridiza-
tion in SIVsmmPBJ14-stimulated PBLs obtained from

macaques 542 and 543 (Fig. 3). An analysis of the V,3 signals

using a densitometer revealed 1.3- and 1.9-fold increases for

V,07 and 1.9- and 2.8-fold increases for V,014 mRNA, respec-

tively, in the SIVsmmPBj14-stimiulated PBLs when com-

pared to the PHA-stimulated PBLs.
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FIG. 3. Multiple RNase protection analysis of V,33, V,37, V,31O,

and V,314 mRNA in PHA- and SIVsmmPBj14-stimulated PBLs.

Indicated are animal number (at top), molecular markers (left), and

the noted V,3 RNAs (right). cont, Control.

We then sought to determine whether SIVsmmPBjl4 is

able to stimulate the expansion of these specific V,3-

expressing lymphocyte subpopulations in vivo. Following
infection with SIVsmmPBjl4, PBLs from four of the six

macaques exhibited selective expansions of V,97- and/or

V,914-expressing T lymphocytes (Fig. 4A). An increased

representation of these T-cell subpopulations was most evi-

dent in PBLs obtained on days 4 and 6 after inoculation, with

up to 2.5- and 3.8-fold increases, respectively, in the expres-

sion of V,07 and V,914 transcripts. For example, in macaque

543, expression of V,97 increased from 4.1% in PBLs obtained

before infection to 10.4% in PBLs obtained on day 4 after

infection. Similarly, in macaque 542, expression of V,914
increased from 3.1% to 11.5% in PBLs obtained on day 6 after

infection. We did not see striking V,97 and V,914 expansion in

PBLs of the infected macaques 275 and 276, perhaps due to

the lack of multiple blood samples obtained early after

infection. In addition, V,310 and V,323 expansions were seen

in the lymphocytes from macaque 541; a possible V,322

expansion in PBLs of macaque 542 was also documented

(Fig. 4A). These variations may reflect genetic influences on

lymphocyte subpopulation responses to the viral antigen.
Such influences are likely to be manifested in an outbred

population (19).

We also assessed the TCR V,3 repertoire in lymphocytes
derived from lymphoid tissue of the SIVsmmPBjl4-infected

macaques to explore the possibility that profound V,3 stim-

ulation by the virus may play a role in the lymphoid hyper-

plasia that occurs following infection. Lymphocytes isolated

from peripheral and mesenteric lymph nodes were examined

for V,3 expression using lymphocytes from peripheral lymph
nodes obtained prior to infection as control cell populations.

Lymph node cells from macaques 541 and 542, the animals

euthanized on day 6 after infection, exhibited TCR V,97 and

V,014 expansions (Fig. 4B). Macaque 543 still displayed TCR

V,97 and V,314 expansion in lymph node cells at the time it was

moribund, similar to findings in this animal's PBLs. These

results indicate that SIVsmmPBjl4 infection resulted in ex-

pansion of V,37- and V,914-expressing lymphocytes in periph-
eral blood and lymph nodes.

In fact, the V,37 and V,914 expansions induced by SIVsmm-

PBj14 appeared to be polyclonal, since a TCR CDR3 length

analysis (18, 20) revealed a lack of clonal predominance in the

V,37- and V,314-containing cDNA derived from the virus-

infected PBLs (Fig. 5).

Thus, we have shown a selective expansion of T-lympho-

cyte subpopulations that expressed TCR employing the V,67
and V,914 gene families in SIVsmm]PBjl4-stimulated PBLs

both in culture and in virus-infected macaques. The miecha-
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FIG. 4. (Legend appears at the bottom of the opposite page.)
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FiG. 5. CDR3 length analysis ofVp7- and Vp14-containing cDNA
derived from SIVsmmPBjl4-stimulated PBLs. No predominance of
CDR3 lengths was observed in the virus-stimulated (SIV) and in vivo
infected (Day 4) PBLs when compared to those in PHA-stimulated
(PHA) and uninfected (Day 0) PBLs. Data were generated from
lymphocytes of macaques 543 (for Vp7) and 542 (Vp14).
nism by which this virus mediates Vs expansion remains to
be elucidated. Nevertheless, stimulation ofa large fraction of
T lymphocytes may amplify SIVsmmPBjl4 infection, facili-
tating its rapid spread throughout the lymphoid system. In
fact, a recent study demonstrated that the ability ofSIVsmm-
PBjI4 to stimulate proliferation of resting PBLs in vitro is
predictive of its acutely lethal pathogenicity in vivo (15). In
concert with these data, the results of the present study
suggest that SIVsmmPBjl4-mediated Vp stimulation and
expansion may contribute to the acutely lethal disease that
the virus induces. The pathogenesis of acute syndromes in
primates induced by human immunodeficiency virus or
SIV, infection may have important parallels to the acutely
lethal syndrome induced by SIVsmmPBjl4 in macaques
(21-24). The definition ofthe immune changes in the SIVsmm-
PBj14-infected macaques, therefore, may help to clarify the
immunopathogenesis of all acute AIDS virus infections.
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FIG. 4. PCR analysis ofTCR Vpgene expression in PBLs and lymph nodes obtained from SIVsmmPBjl4-infected macaques. (A) Comparison
ofVP expression in SIVsmmPBjl4-infected PBLs with those in uninfected lymphocytes. Values are ratios of individual VP gene expression (%
of total VP cpm) in infected PBLs sampled on day 4 (o), on day 6 (m), or at the time of death (o) to % of cpm of the corresponding VP gene
families in preinfection PBLs. (B) Comparison of VP expression in lymph nodes of four macaques before and after SIVsmmPBjl4 infection.
Values are the ratios of individual VP mRNA expression in infected lymphocytes from peripheral (n) and mesenteric (m) lymph nodes obtained
at the time oftheir death relative to the corresponding VPgene family mRNA expression in peripheral lymph node cells obtained before infection.
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