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Antibody-Mediated Clearance of Alphavirus

Infection from Neurons

BeTH LEVINE, J. MARIE HARDWICK, BRUCE D. TRAPP,
TaOMAS O. CRAWFORD, ROBERT C. BOLLINGER, DIANE E. GRIFFIN*

Humoral immunity is important for protection against viral infection and neutraliza-
tion of extracellular virus, but clearance of virus from infected tissues is thought to be
mediated solely by cellular immunity. However, in a SCID mouse model of persistent
alphavirus encephalomyelitis, adoptive transfer of hyperimmune serum resulted in
clearance of infectious virus and viral RNA from the nervous system, whereas adoptive
transfer of sensitized T lymphocytes had no effect on viral replication. Three mono-
clonal antibodies to two different epitopes on the E2 envelope glycoprotein mediated
viral clearance. Treatment of alphavirus-infected primary cultured rat neurons with
these monoclonal antibodies to E2 resulted in decreased viral protein synthesis,
followed by gradual termination of mature infectious virion production. . Thus,
antibody can mediate clearance of alphavirus infection from neurons by restricting

viral gene expression.

CCORDING TO THE CLASSIC PARA-
digm, the clearance of infectious
virus from primary sites of replica-
tion results from major histocompatibility
complex (MHC) class I-restricted lysis of
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virally infected cells by CD8* cytotoxic T
lymphocytes. This paradigm can theoretical-
ly explain viral clearance from nonneuronal
cellular targets in the central nervous system
(CNS), but it cannot account for viral clear-
ance from neurons. Neurons are not in-
duced to express class I molecules in vivo in
response to cytokine stimulation and viral
infection (1) and therefore may escape im-
mune recognition by virus-specific CD8*
cells. Furthermore, it seems unlikely that
terminally differentiated cells incapable of
replication would use a cytolytic mechanism
for recovery from viral infection; this hy-
pothesis is supported by histopathologic
findings in lymphocytic choriomeningitis vi-
rus infection where viral clearance from neu-

rons occurs without evidence of cellular lysis
(2). Thus, a non-MHC-restricted, noncyto-
toxic immunologic mechanism for the ter-
mination of viral infection of neurons must
exist; yet the nature of such a mechanism is
poorly understood.

To investigate the primary immunologic
mechanism responsible for the clearance of
infectious virus from neurons, we used a
SCID (severe combined immunodeficient)
mouse model of Sindbis virus (SV) infec-
tion. The SCID mice lack functional mature
B and T lymphocytes because of a defect in
T cell receptor and immunoglobulin gene
rearrangement (3). SV is a single-stranded
message-sense RNA virus that causes fatal
encephalomyelitis in suckling mice and
acute, clinically silent encephalomyelitis in
weanling mice (4). It is the prototypic mem-
ber of the alphavirus genus (family Togavir-
idae), which includes the human pathogens
Eastern, Western, and Venezuelan equine
encephalitis viruses. In contrast to many
other neurotropic viruses that have multiple
cellular targets in the CNS, SV replicates
predominantly in neurons (5, 6). The neu-
ronal specificity of SV ensures that investi-
gation of the mechanism of viral clearance
from neurons is not complicated by poten-
tially different mechanisms of viral clearance
from other cell populations in the CNS.

We infected 4- to 6-week-old CB17 and
congenic scid/CB17 mice with wild-type SV
(strain AR339) to determine the natural
history of SV infection in immunocompe-
tent and immunodeficient mice. After in-
tracerebral inoculation of 103 plaque-form-
ing units (pfu) of SV, CB17 mice cleared
infectious virus from the brain and spinal
cord in 8 days, as measured by plaque-assay
titrations of freeze-thawed tissue homoge-
nates (Fig. 1A). Clearance of infectious virus
was temporally correlated with the appear-
ance of serum antibody to SV detected
by enzyme-linked immunosorbent assay
(ELISA). In contrast to the CB17 mice,
SCID mice developed persistent SV infec-
tions of brain and spinal cord that lasted
for the entire 30-day study period; viral
titers ranged between 10* and 10° pfu per
gram of tissue (Fig. 1A). The SCID mice
had no detectable amounts of serum anti-
body and no detectable T lymphocytes in
the spleen, lymph nodes, or peripheral
blood, as measured by flow cytometry anal-
ysis. Despite ongoing viral replication and
the lack of specific humoral or cellular
immune responses, there was no evidence
of neurologic disease in the SCID mice.

After establishing that SCID mice develop

. persistent SV infections, we investigated the

effect of transferred immune T lymphocytes
and SV hyperimmune serum on the clearance
of infectious virus from neural tissue.
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Adoptive transfer experiments were per-
formed on day 7 after infection when both
viral titers (Fig. 1A) and the number of
SV-infected cells determined by in situ hy-
bridization (Fig. 2) had reached a plateau.
Adoptive immunotherapy at this time there-
fore reflects the role of specific immune
effectors on the clearance phase of neuronal
infection, rather than on earlier stages of
viral pathogenesis (for example, initial entry
or spread in the CNS). Treatment of persis-
tently infected SCID mice with 0.2 ml of SV
hyperimmune serum resulted in clearance of
infectious virus from brain and spinal cord
within 48 hours after intraperitoneal admin-
istration (Fig. 1B). The effective component
of hyperimmune serum was antibody be-
cause protein G affinity column—purified
immunoglobulin fractions (but not nonim-
munoglobulin fractions) mediated viral
clearance (Table 1). In contrast, no effect on
SV replication in brain or spinal cord was
observed after the transfer of 10° nylon
wool-purified T lymphocytes (7) harvested
from lymph nodes of SV-sensitized CB17 mice
(Fig. 1B). Transfer of unfractionated lymph
node cells resulted in viral clearance 6 days
after transfer, which correlated with the appear-

ance of recipient serum antibody to SV (8).

These adoptive transfer experiments es-
tablish that antibody, in the absence of
specific cell-mediated immunity, mediates
the clearance of infectious SV from the brain
and spinal cord. To determine if the mech-
anism of antibody-mediated clearance in-
volves antibody-dependent complement or
cell-mediated cytotoxicity, we eliminated
host cytolytic effectors before the adminis-
tration of SV hyperimmune serum. We
treated SCID mice with cobra venom factor
(CVF) to deplete the third component of
complement or with a high dose of cyclo-
phosphamide to suppress natural killer cell
function (9). Neither complement depletion
nor cyclophosphamide treatment altered the
ability of SV hyperimmune serum to termi-
nate viral replication in the brain or spinal
cord (Table 1), suggesting that antibody-
mediated viral clearance occurs through a
mechanism distinct from classical antibody-
dependent cell-mediated cytotoxicity or
complement-dependent lysis. This conclu-
sion is also consistent with the histological
absence of neuronal destruction and the
clinical absence of neurologic disease in mice
recovering from SV infection.
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Fig. 1. In vivo clearance of infectious SV from mouse CNS. Specific pathogen-free CB17 mice
(Institute for Cancer Research, Fox Chase, Pennsylvania) and scid/CB17 (Imdyne, San Diego,
California) that were 4 to 6 weeks old were inoculated intracerebrally with 10° pfu of wild-type SV
(strain AR339). Mice were killed at serial time points after inoculation. The amount of virus present in
freeze-thawed tissue homogenates of brain and spinal cord was determined by plaque-assay titration on
BHK-21 cells (20). Each point represents the geometric mean of viral titers (in plaque-forming units per
gram of tissue) from three mice + SEM. Horizontal dashed line represents the lower limit of detection
(1.4). (A) Growth curves of SV in brain (@) and spinal cord (O) of CB17 (solid line) and congenic
scid/CB17 mice (dashed line). (B) Growth curves of SV in brain (@) and spinal cord (O) of SCID mice
after adoptive transfer of T lymphocytes (dashed line) and SV hyperimmune serum (solid line).
Adoptive transfer therapy was performed on day 7 after intracerebral inoculation. Mice treated with T
lymphocytes were injected intraperitoneally with 10° purified T cells harvested from the spleen and
lymph nodes of CB17 mice that were immunized with 103 pfu of SV footpad inoculation 10 days
earlier. We obtained purified T cell preparations by reacting them twice with rabbit antibody to mouse
immunoglobulin (Dako, Carpinteria, California) and then by separating them with nylon wool. Flow
cytometry analysis of lymphocytes obtained by this method and stained with a fluorescein isothiocya-
nate-labeled goat antibody to mouse IgM (Calbiochem) revealed greater than 99% depletion of B cells.
Mice treated with SV hyperimmune serum received 0.2 ml of serum intraperitoneally, obtained from
BALB/c mice immunized with 10? pfu of SV by means of footpad inoculation 21 and 7 days before they
were killed [log[ELISA] = 3.9; plaque-reduction neutralization titer = 3.07 (the log of the largest
dilution reducing 50 SV plaques on BHK-21 cells by 50%)]. Mean ELISA and neutralization titers for
CB17 mice on day 8 after SV infection were 3.9 and 3.22, respectively.
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The lack of a specific role for cytotoxic T
cells or antibody-dependent cytolytic mech-
anisms in recovery from SV encephalomy-
elitis suggests that clearance of infectious
virus results from the direct suppression of
intracellular viral replication. To test this
hypothesis, we performed in situ hybridiza-
tion on all brain sections from killed CB17,
SCID, and antibody-treated SCID mice
with an $35-labeled RNA probe represent-
ing the structural region of the SV genome.
The number of cells with detectable SV
RNA was calculated per unit area of brain
by computerized quantitative image analysis
(Fig. 2). SV RNA was no longer detectable
in the brains of CB17 mice by day 20 after
infection but persisted at constant levels in
SCID mice throughout the 30-day study
period. A dramatic reduction in the number
of cells expressing detectable SV RNA was
observed in SCID. mice within 6 days after
antibody transfer, and by day 20 after anti-
body transfer, no SV RNA-positive cells
were present. The reduction of viral RNA to
amounts below the sensitivity of in situ

Table 1. Effect of immune therapy on SV
clearance from persistently infected SCID mouse
CNS. The scid/CB17 mice were infected with
10® pfu of SV intracerebrally on day 0 and
killed on day 9; viral titers (per gram of tissue)
were measured by plaque assay. Each value
represents geometric mean (*+SEM) of titers
from five mice. Lower limit of detection for
plaque assay is 1.4. Treatment A: On day 7,
mice were treated intraperitoneally with 0.2 ml
of IgG purified by protein G affinity
chromatography from SV hyperimmune serum
(SV HIS), prepared as described in Fig. 1B.
Treatment B: On day 7, mice were treated
intraperitoneally with 0.2 ml of the non-IgG
fraction of SV HIS (unbound fraction from
protein G chromatography). Treatment C: On
days 6, 7, and 8, mice were treated with 20
units of CVF intravenously (Diamedix) and
with 0.2 ml of SV HIS intraperitoneally on day
7. Mice were bled before the administration of
CVF on day 6, as well as on days 7, 8, and 9.
Serum C3 levels were assayed by ELISA with a
peroxidase-conjugated sheep antibody to mouse
C3 (Binding Site, Birmingham, United
Kingdom). C3 levels in sera obtained from mice
after CVF treatment were >99.9% reduced, as
compared with values obtained before CVF
treatment. Treatment D: On day 5, mice were
treated with 300 mg of cyclophosphamide per
kilogram of body mass intraperitoneally and

were treated with 0.2 ml of SV HIS
intraperitoneally on day 7.
log[Viral titer]
Treatment
Brain  Spinal cord

A: SV HIS IgG <1.4 <14

fraction
B: SV HIS non-IgG 45 +04 51=*03

fraction
C: CVF + SV HIS <14 <14
D: Cyclophosphamide <l4 <l4

+ SV HIS
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hybridization, combined with the evidence
against antibody-mediated cytolysis, sug-
gests that SV hyperimmune serum directly
inhibits SV replication.

To gain farther insight into the mecha-
nism of antibody-mediated viral clearance,
we identified the critical viral antigenic de-

infection. The biological properties of these
MAbs are summarized in Table 2. Despite
neutralizing activity, the ability to protect
against fatal infection with a virulent neu-
roadapted strain of SV, or both, the MAbs
106, 101, 105, 202, 23 and 208 (10-12) to
the El-c, El-e, E1-f, E2-ab, E2-b and E2-c

terminants. Nine monoclonal antibodies
(MAbs) to the major epitopes of SV E1 and
E2 envelope glycoproteins were adminis-
tered to SCID mice on day 7 after SV

* epitopes had no effect on SCID mouse brain
or spinal cord titers. MAb 50 (13) to E2-a
and MAbs 209 (10) and R6 (14) to E2-c
resulted in clearance of SV from brain and

Fig. 2. In vivo clearance of SV RNA from mouse 8F
brain. Mice were infected with SV, treated with
SV hyperimmune serum, and killed at serial time
points as in Fig. 1. In situ hybridization was
performed on paraffin-embedded sagittal brain
sections as described (5, 6) with the following
modifications in preparation of the hybridization
probe: a pGEM plasmid containing DNA encod-
ing the entire structural region of SV was linear-
ized with Hind III, and minus-strand RNA was
transcribed with SP6 polymerase (Riboprobe kit;
Promega) in the presence of [S3%|cytidine tri-
phosphate (800 Ci/mmol, Amersham). The num-
ber of cells expressing Sindbis viral genome RNA

SV RNA positive cells
H

per square millimeter of brain was determined 0 -
ith ized itative § alysis. A 0 10 20 30

with computerized quantitative image analysis. At

X4 magnification, each brain section was divided Days after infection

into nonoverlapping fields. The light threshold of

each field image was independently set to define clusters of silver grains over SV RNA positive cells by
an observer blinded to the experimental history. The number of clusters of silver grains and the surface
area of each field were computed. For clusters of silver grains larger than single cells, we divided the area
of each cluster by the maximum area that could be distinguished as a single cell (500 pm) to obtain an
estimate of the number of positive single cells. The sum‘of positive cells of all fields of each section was
divided by the sum of the measured areas of all fields to calculate the number of positive cells per square
millimeter of brain. Each data point represents the geometric mean of the number of SV RNA positive
cells per square millimeter from duplicate brain sections of three mice. Clearance curves of SV
plus-strand RNA in brains of CB17 (W), SCID (A), and SV hyperimmune serum-treated SCID (O)
mice are shown.

Fig. 3. Effect of MAD therapy on SV viral repli-
cation in primary rat neuron cultures. DRG were
dissected from 15-day-old embryonic Sprague-
Dawley rats (Zivic-Miller) and plated on collagen-

coated 35-mm petri dishes at a density of eight o
ganglia per dish. DRG were cultured in Earle’s
minimal essential medium containing 10% fetal
calf serum, 0.2% glucose, 1.4 mM L-glutamine, a}

1% penicillin and streptomycin, 2.5S nerve
growth factor (50 ng/ml), and 10 uM of both
FUDR and uridine, which inhibited the growth
of all dividing, nonneuronal cells. Six-week-old 2t
neuron cultures were infected with a multiplicity
of infection of 0.1 SV (3 x 10° pfu per dish).
Two days after infection, 10 to 100 pl of SV
MAbs were added to the tissue culture medium; 0 1 ‘.o—-—o———o
the concentration of antibody was adjusted for o 5 10
differences in neutralizing activity so that each Days after infection

culture was treated with the exact amount of

antibody that produced a 50% reduction of 50 SV plaques on BHK-21 cells. Two days after MAb
treatment, the neuron cultures were washed five times with minimum essential medium and replaced
with media that did not contain antibody. We performed ELISA and plaque-reduction neutralization
assays on medium from the last wash to screen for remaining antibody. Supernatant samples were
collected from each culture dish at 48-hour intervals for a 14-day period, and virus titrations (in
plaque-forming units per milliliter of supernatant) were performed on BHK-21 cells. Each data point
shown represents the geometric mean of titers from two to three DRG cultures. MAbs that mediated
in vivo clearance are represented by the following open symbols: 209 (A), R6 (O), and 50 (O0). MAbs
that did not mediate in vivo clearance are represented by the following solid symbols: 106 (M) and 202
(@). (A), Untreated SV-infected control DRG cultures. The area between horizontal broken lines
indicates the time period in which antibody was present in culture medium. The horizontal line
represents the lower limit of detection (0.7).

log[Viral titer]
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spinal cord within 48 hours after adminis-
tration. MAD 209 is a member of the immu-
noglobulin G3 (IgG3) subclass and does not
mediate complement-dependent lysis of SV-
infected cells (10). The lack of a relation
between neutralizing activity, protective ca-
pacity, complement-dependent lysis, and the
ability of MADbs to SV to mediate clearance
of established alphavirus infection in vivo
indicates that viral clearance involves a dif-
ferent humoral effector mechanism.

We developed an in vitro model to con-
firm our in vivo observations that antibody
directly suppresses viral replication. Embry-
onic rat dorsal root ganglia (DRG) were
explanted and allowed to undergo in vitro
differentiation and maturation in the pres-
ence of nerve growth factor and an antimi-
totic agent, fluorodeoxyuridine (FUDR)
and uridine, that is cytotoxic to all DRG
cells except neurons. Neurons maintained in
culture for 6 weeks and then infected with
SV developed persistent infection. (Contin-
uous vertebrate cell lines, including neuro-
blastoma cells, undergo lytic infection with-
in 24 to 48 hours.) In neuron cultures
treated with MAbs R6, 50, and 209, which
mediated in vivo clearance, production of
infectious virus was completely terminated
between 2 and 6 days after antibody was
removed from the culture medium (Fig. 3).
In contrast, cultured neurons treated with
equivalent neutralizing concentrations of
MAbs 106 and 202, which did not mediate in
vivo clearance, continued to produce infec-
tious virus throughout a 14-day study period.
By day 14 after infection, neurons treated
with MAbs 106 and 202 showed significant
cytopathic effects, whereas those treated with
MADbs R6, 50, and 209 did not. In all cases,
infectious virus was still present at the time of
antibody removal from the culture medium,
indicating that extracellular neutralization did
not significantly contribute to the antiviral
effects observed. Thus, these data demon-
strate that the same MAbs to E2 that mediate
clearance of SV from brain and spinal cord in
vivo also shut off viral replication in mature,
nondividing neurons in vitro.

To define the critical stage of viral repli-
cation inhibited by MAD treatment, we per-
formed immune electron microscopy before
the shutdown of mature virion production.
Compared to uninfected neurons, the peri-
nuclear regions of untreated SV-infected
neurons (Fig. 4A) contained numerous cy-
topathic vacuoles (15) and a marked increase
in the amount of rough and smooth endo-
plasmic reticulum (RER and SER). These
organelles were labeled intensely by immu-
nogold, indicating their role in the active
synthesis of SV structural proteins. Treat-
ment of SV-infected neurons with MAb 209
(Fig. 4B) resulted in a dramatic reduction in
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Fig. 4. Electron

rat neuron cultures. anzryratDRG (ncuron-enriched) cultures were p
Uninfected neurons, untreated SV-infected neurons, and MAb 209—m

dehyde for 24 hours. The

were dissected from the culture dish,

ic analysis of the effects of MAb therapy on SV viral replication in primary
as described in Fig. 3.

neurons cultures were

on day 5 after infection (day 3 after MAD treatment) with 2.5% glutaraldehyde and 4% paraformal-

cryoprotected with 2.3 M

suaoseandso%polyvmylpyrrohdonc,plaoedonspeumcnstubs,andfrozcnmhqmdN, Ultrathin
jons were cut on a Reichardt Ultracut 4E (Cambridge Instruments, Rockville, Maryland)

cryosecti
maintained at —110°C. Secnonswctctransfetredtocleotmnnu

icroscopy grids,
(5)by1mmunogoldprowdum (21), and visualized in a
Hitachi H-600 clectron microscope. (A) An untreated SV-infected

polyclonal antibody to SV structural proteins

stained with a rabbit

neuron containing cytopathic

vacuoles (asterisks) and RER (arrowheads) that are associated with intense immunogold labeling for

SV structural proteins (10-nm
ic vacuoles (asterisks)

mdgold particles). (B) MAb 209—treated ncuron containing fewer
RER (arrowheads) that are associated with a marked reduction in

immunogold labeling for SV structural proteins. Scale bars are 0.5 um.

the number of cytopathic vacuoles, the
amount of RER and SER, and the SV
structural protein immunoreactivity associ-
ated with these organelles. Final stages of
replication, such as assembly and virus bud-
ding, were intact. These morphologic obser-
vations indicate that interruption of SV
replication by MAb to E2 occurs at a tran-
scriptional or translational level.

Our in vivo data demonstrates that CNS

clearance of SV in persistently infected
SCID mice is mediated by humoral immu-
nity. Our in vitro data provide direct evi-
dence that antibody can restrict SV gene
expression in mature neurons in the absence
of any antiviral cofactors, except perhaps
those substances produced by the neurons
themselves. These findings identify an as yet
unknown role for antibodies in recovery
from viral infection and represent an excep-

Table 2. Effect of MAb treatment on SV viral clearance in SCID mice. All mice were infected with
102 pfu of SV intracerebrally on day 0, treated with 0.2 ml of intraperitoneally on day 7, and killed

on day 9. Viral titers (per gram of tissuc) were determined by

plaque-assay titration. NSV

protection refers to the ability of MAD to protect against fatal encephalomyelitis when the MAb is
administered prophylactically to mice infected with a neuroadapted strain of SV (10-12). ND, not
done.

Sindbis g, lg  Newmliig NSV log{Viral titer]

MADb Isotype activity protection Brain Spinal cord
106 El< G2b + + 5.22 = 0.30 4.69 = 0.22
101 El-e G2a - + 5.08 = 0.39 4.51 = 0.08
105 Elf G3 + + 4.23 = 0.11 4.31 = 0.15
202 E2-ab G3 + + 492 08 4.57 + 0.37
50 E2-a G2a + + <l4 =00 <14 =00
23 E2-b G2a + - 5.08 £ 0.11 4.17 + 0.06
209 E2c G3 + + <14 =0.0 <14 =00
R6 E2< G2a + ND <14 =00 <14 =00
208 E2< A + - 5.14 = 0.24 4.75 = 0.13
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tion to the widespread belief that cytotoxic
T cells are required for viral clearance from
tissue sites of replication. The ability of
antibody to mediate viral clearance from
neurons may reflect'a unique immunologic
strategy that has evolved to control viral
infection in cells that lack surface MHC
expression. It is not clear whether this strat-
egy is limited to alphavirus encephalitis or
represents a more common host response to
neurotropic RNA viruses. A potential role
for antibody in CNS viral clearance has been
postulated in Theiler’s murine encephalomy-
elitis (16), human enteroviral encephalomy-
clitis (17), and in neurally spreading reovirus
type 3 (18) and street rabies virus (19)
infections. Such studies, combined with our
data, provide a rationale for the future in-
vestigation of immunotherapy for viral en-
cephalitis. Furthermore, elucidation of the
molecular events involved in antibody-me-
diated inhibition of alphavirus replication
may provide insights into new antiviral
strategies for the treatment of neurotropic
RNA viruses.
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Selective Depletion in HIV Infection of T Cells That
Bear Specific T Cell Receptor Vg Sequences

LuisA IMBERTI, ALESSANDRA SOTTINI, ALESSANDRA BETTINARDI,

MassiMo Puott, DANIELE PRIMI¥*

the 22 5’ V-specific sense primers and a 3’
Cg-specific antisense primer (8) or with each

of the 195’ V,,
3[

-specific sense primers and a
C,-specific antisense primer (9). The

expression of each V gene transcript was

operationally defined by an optical density
value from an enzymatic immunoassay
(DEIA), done with a Cg- or a C,-specific

The mechanism of T cell depletion during infection with the human immunodeficiency
virus (HIV) is unclear. Examination of the repertoire of T cell receptor V (variable) capture probe that mapped to a rcgion
reglons in persons infected with HIV revealed the absence of a common set of Vg internal to the amplified cDNA. The sensi-
regions, whereas V,, usage was normal. The lack of these V segments did not appear tivity and the specificity of the assay are
to correlate with opportunistic infections. The selective ehmmatlon of T cells that similar to conventional Southern blot (10).
express a defined set of Vg sequences may indicate the presence of an HIV-encoded There were no major differences between
superantigen, similar to those encoded by the long terminal repeat of the mouse the V,, repertoires of normal individuals and
mammary tumor virus. those of AIDS patients (Fig. 1A). Most of
the V,, genes were expressed in all samplcs
healthy HIV~ individuals. Total RNA was  with no evidence of selective expression. In
l \ / I through their interaction with the  prepared from each sample immediately af- ~ contrast, comparison of the V; repertoire of
variable V portions of the T cell
receptor (TCR) a and B chains (1). How-
ever, T cells recognize another category of

OST ANTIGENS ARE RECOGNIZED

quots of cDNA were amplified with each of two groups (Fig. 1B). The Vgl4, V,l15,

ter collection and, at the time of analysis, AIDS patients and normal controls revealed
‘was reverse-transcribed into cDNA. Ali- differences in the V, genes expressed by the
ligands, the superantigens, on the basis of
the expressed V region alone, independent-

ly from the other variable TCR segments A 22 g % iR 4,11 HEHHHRE
2-4). Because the murine mammary tumor 204 |o (39 R IR HHEREE
( ary o |oojoo ° ° ° o
virus C-type retrovirus has superantigen 184 o |3 *| ¢ °1° ° %)
ies (5, 6), HIV al od . ] MEDMEH S [eo] e
propertics G 6), may also encode 2 g, 1, Expression of TCR (A) V,, 18 ° °
superantigen that could participate in T and (B) V, genes in T cells from 14- *l lolelel I8 .
helper cell impairment and destruction. This ~ AIDS patients (@) and from nor- w2d I°1°] 1o : o |o|g|o] lof8
hypothesis suggests that cell depletion must ~ mal controls (O). The results are i ofelels|o[ |°| | |
. . expressed as absorbance at 450 nm 1.0 8, ° .
preferentially affect those T cells expressing (Ayso) from a DEIA test. The cut- 084 ool S| le|e ol® o
the Vi elements that can interact with the o value of 0.20 represents the 06 olo
retrovirus-encoded superantigen (7). mean value of ten negative controls ’ W 1o ofe
We analyzed the expression of most of the ~ =3 SD. Total RNA was prepared 047 Joo ofof f2| 1 1°] 4] I°
known TCR V. and V,, genes by polymer-  ffom Pcr ipheral lymphocytes by the 0.2 55 ARRAHEB
o >, p geNcs by polym guanidinium thiocyanate-phenol- A . olool o ol®8[3]0
ase ' chain reaction (PCR_) n peripheral  hioroform method (14). The total 121814 5 61 7 820110 11 1213114 16 16117.1 18 221
blood cells obtained from six patients affect- RNA (2 pg) preparations were B 22,
: : : ; olga[3[°fe[e[e]8 8]o[ofo| |of°
ed by the acquired immunodeficiency syn-  used to synthesize the first strand of 20] 18|°[3[8] 12|00 glo| |o S
drome (AIDS) (CDC stage IVC1; sympto- cDNA with the Riboclone cDNA . °lol” [gleol ol°| o ol® ol
. . . A . Synthesis System (Promega Bio- 1.8 el [°lo {8 olo]0f°]0 o
matic HIV™* patients with a history of major o ol |o o [of°]° o o
M 5 A tec). Amplification by PCR of the 16 N °
opportunistic infections and CD4" lympho-  TCR Vv, and V rearranged genes ] ol Lol Iolal Io]e ol |o
cyte counts <200/mm3®) and from six was as described (15), with 19 V,, 1.4 °l |e : o| o °
family-specific (9) and 22 V, fam- 3 1.2 H o . °
ily-specific primers (8). The speci- ’ °l lo|8| lofe °
L. Imberti, A, Sottini, A. Bettinardi, D. Primi, Con-  ficity of cach PCR product was 1.0 “lelal®l] 18] |"fslolo]°l°l° °
sorzio per le Blotccnologle—Cons1gho Naznonalc delle  verified by DEIA (10) with 084 |° °f° ] ° : L 0 o
Ricerche-Institute of Chemistry, School of Medicine, Cy,NH,- (ACCCAAAAGGCCA- MAAMEIN of ©[od °
University of Brescia, P. le Spedali Civili, 1, 25123 CACTGGTGTGCCTGGCC) and o6 [ o] [*]°|8]e Jl° . oo ° o
Brescia, Italy. C.NH,- (CAGTGACAAGTCT- : ole °le|ole HF
° ‘o 2 g o ole
lé/[lvﬂlc’u%?csclla R;\ll;lsmne Malattie Infettive, Ospedale GTCTGCCTATTCACCGA) spe- 0.4 :.: : . - ° ; H R ! sl [ele]ol"]e
cific capture probes, mapping to 0.27 ° H o?' M AN
*On sabbatical from the Unité d’Tmmunochimie Analy- ~ regions internal to the amplified d ejejejelofe 0!!!M
tique, Institut Pasteur, 75015 Paris, France. cDNAs. 1 23 451526 7 8 9 1011 1213113214 1516 1718 1920
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