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Abstract

Vaccinia virus (VV) is an effective vaccine and vector but has evolved multiple mechanisms for
evading host immunity. We characterized the interactions of VV (TianTan and New York City Board
of Health strains) with human y8 T cells because of the role they play in immune control of this virus.
Exposure to VV failed to trigger proliferative responses in y3 T cells from unprimed individuals, but
it was an unexpected finding that V'V blocked responses to model antigens by the Vy2Vé2 T cell
subset. Infectious or ultraviolet light—inactivated VVV inhibited proliferative Vy2V2 T cell responses
to phosphoantigens and tumor cells, prevented cytolysis of Daudi B cells, and reduced cytokine
production. Inhibiting Vy2Vs2 T cells may be a mechanism for evading hostimmunity and increasing
VV virulence. Increased V'V replication or expression in the absence of vy T cell responses might
contribute to its potency as a vaccine against poxvirus and recombinant antigens.

Vaccinia virus (VV), amember of the poxvirus family, has been used successfully as a vaccine
to eradicate human smallpox [1]. With DNA replication occurring exclusively in the cytosol
and the ability to induce both cellular and humoral immunity, VV has also been championed
as a live recombinant vaccine vector that promotes immunity against tumors and infectious
diseases [2]. Although VV can induce strong humoral and cellular immune responses to viral
and recombinant antigens, it is also known that poxviruses employ many mechanisms to evade
host immunity. VV gene products block complement, cytokines, and chemokines; they also
prevent apoptosis and interfere with intracellular signaling [3,4]. VV modulates the function
of NK cells [5], inhibits the maturation of human dendritic cells [6], and disrupts major
histocompatibility complex (MHC) class | or ll-mediated antigen presentation [7-12]. The
effects that VV has on another important cell type, yd T cells, is poorly understood.

Human y3 T cells comprise, on average, 1%-10% of the total peripheral-blood T cell
population. Of these y3 T cells, a majority express the Vy2V32 receptor, and ~75% have the
Vy2-Jy1.2 rearrangement [13]. In contrast to off T cells, the yd T cell subset generally lacks
CD4 or CD8 expression and recognizes antigens independently of conventional MHC-
restricted presentation [14]. A rapid expansion and activation of y5 T cells has been noted in
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infections of human beings and nonhuman primates, including mycobacterium [15-17],
malarial [18-20], and simian immunodeficiency virus [21] infections. In mice, copious
interferon (IFN)—y production by y3 T cells is key for resistance to lethal VVV challenge [22].

Arecentreport on human experiments using V'V described memory responses in the circulating
vd T cell population in vaccine recipients [23]. To our knowledge, this was the first report of
v T cell responses being elicited by immunization after not being present in the starting T cell
population. In all other examples of human y3 T cell reactions to mycobacteria, malarial
parasites, infected cells, and tumors, circulating y8 T cells from naive donors recognized these
immunogens and generated strong proliferative and cytotoxic responses [24]. Accordingly, we
were interested in this unique example of VV-induced yd T cell responses. In the mouse, y6 T
cell responses to V'V fit the regular pattern in that they were already strong in the unprimed
host and were cytotoxic for VV-infected cells with high levels of IFN-y secretion [22].

vd T cells have been variously associated with innate and adaptive immunity or proposed as a
link between the 2 systems [25]. Confusion arises because the starting yd T cell repertoire
reflects a bias for the Vy2-Jy1.2Vé2 T cell receptor (TCR) [13], which is a consequence of
chronic stimulation by self-antigens or ubiquitous antigens and selective expansion of 1 subset
[26]. This self-selected repertoire is dominated by a single TCR rearrangement and encodes
the response to pathogens and some tumors, meaning that yd T cells from naive or unprimed
individuals generally have the same responses. Thus, it was surprising to learn of de novo
responses to V'V that appear only after vaccination [23], and we wanted to study y5 T cell
responses to V'V using in vitro models. In this study, we address the host-pathogen interaction
between VVV and human v8 T cells, to better understand the absence of y6 T cell responses
among unprimed individuals.

MATERIALS AND METHODS

Cells and virus

Whole blood was obtained from healthy human volunteers, and total lymphocytes were
separated from heparinized peripheral blood by density gradient centrifugation (Ficoll-Paque;
Amersham Biosciences). Peripheral-blood mononuclear cells (PBMCs) and CEM cells were
cultured in RPMI 1640 supplemented with 10% fetal bovine serum (FBS; GIBCO), 2 mmol/
L L-glutamine, and penicillin—streptomycin (100 U/mL and 100 pg/mL, respectively); for
Daudi B cells (CCL-213; ATCC), 4.5 g/L glucose, 1.5 g/L NaHCO3, 10 mmol/L HEPES, and
1 mmol/L sodium pyruvate were added. HeLa cells were cultured in MEM (GIBCO)
supplemented with 10% FBS, 2 mmol/L L-glutamine, and penicillin-streptomycin (100 U/mL
and 100 xg/mL, respectively).

The TianTan VV strain carrying the HIV gag gene (VVTT) [27] and the nonrecombinant New
York City Board of Health (NYCBH) strain (VVNY) [28] were propagated and titered in HeLa
cells. VV was released from infected cells by 3 cycles of freezing/thawing, sonication, and
clarification by centrifugation and then was purified by ultracentrifugation on a 36% sucrose
gradient. Similarly treated lysates from uninfected HelL a cells were used for mock infections.
Where indicated, purified VV was inactivated with UV light (UV-VV) for 3 min (GS Gene
Linker UV chamber; Bio-Rad). UV-VV was no longer able to form plaques. In some
proliferation experiments, CEM cells or Daudi cells were infected with VV (MOI of 1) for 2
h, washed twice, and cultured for an additional 20 h.

In vitro proliferation assays

PBMCs (5 x 10° cells/well) were cultured in 12-well plates in the presence of UV-VV,
irradiated (120 Gy) VV-infected CEM cells (CEM/VV), or CEM cells at varying ratios. In
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some experiments, cocultures were stimulated by a single addition of isopentyl pyrophosphate
(IPP; Sigma) at a final concentration of 15 zmol/L or by adding either irradiated (120 Gy)
Daudi B cells or VV-infected Daudi B cells (Daudi/VV) at a 2:1 Daudi:PBMC ratio on day 0
along with 100 U/mL human recombinant interleukin (IL)-2 (Tecin; Biological Resources
Branch, National Institutes of Health). Fresh medium that included IL-2 was added every 3
days, and PBMCs were incubated at 37°C in 5% CO,. Expansion of y3 T cells was evaluated
by double staining for CD3/PANyd or CD3/V62 and defining the percentage of yo T cells
within the total CD3" cell population at day 14. For phytohemagglutinin (PHA) stimulation,
PBMCs were first stained with carboxyfluorescein diacetate succinimidyl ester (CFSE;
CellTrace CFSE cell proliferation kit; Invitrogen), in accordance with the manufacturer’s
directions. CFSE-labeled PBMCs (1 x 10° cells/well) were cultured in 96-well round-bottomed
plates in the presence of corresponding virus or cells as indicated above and then stimulated
with 5 pg/mL PHA and 100 U/mL IL-2 for 4 days before staining with anti-CD4 clone SK3
antibody (BD Biosciences) for flow cytometry assays.

Calcein-release cytotoxicity assay

A nonradioactive fluorometric cytotoxicity assay using calcein-acetoxymethyl (calcein-AM;
Molecular Probes) [29,30] was used to evaluate the cytotoxicity of Vy2Vé2 T cells. Expanded
vd T cells (effector cells) either were treated with VV or UV-VV (MOI of 1) or were mock
treated for 2 h at 37°C. During this time, Daudi B cells (target cells) were labeled for 15 min
with 2 umol/L calcein-AM at 37°C and then washed once with PBS. Cells were combined at
various effector-to-target (E:T) ratios in 96-well round-bottomed microtiter plates (Corning)
and incubated at 37° C in 5% CO5, for 4 h; assays were performed in triplicate. After incubation,
supernatants were carefully transferred to a 96-well flat-bottomed microtiter plate, and calcein
content was measured using a Wallac Victor? 1420 multichannel counter (1485/535 nm).
Percentage of specific lysis was calculated as (test release — spontaneous release)/
(maximumrelease — spontaneous release)x100.

RNA extraction, reverse-transcription polymerase chain reaction (RT-PCR), and PCR

Total RNA was extracted from cells by use of the RNeasy Mini Kit (Qiagen). One microgram
of total RNA was converted into cDNA by use of a reverse-transcription system kit (Promega).
Each reaction was incubated at 42°C for 2 h and then cDNAs were diluted to 100 uL by adding
80 uL of deionized H,0 to the reaction. PCR amplification and gel analysis of products have
been described elsewhere [13].

Spectratype analysis

Primer extension reactions were performed as described elsewhere [13]. After heat
denaturation of the products (5 min at 95°C followed by immediate quenching on ice), products
were loaded on an Applied Biosystems 3130 four-microcapillary genetic analyzer (Hitachi)
and run on a performance-optimized polymer (POP-7). Molecular size and relative frequency
of extension products were determined using GeneMapper software (version 3.6; Applied
Biosystems). To standardize the data irrespective of the runoff primer position, CDR3 length
variation was expressed in terms of the total V'y2 coding-region lengths. Runoff product lengths
were corrected by adding the length of the known Vy2 mRNA coding regions outside the runoff
product.

Flow cytometry

Unless noted otherwise, expanded Vy2Vé2 T cells were stained for cell-surface markers with
fluorophore-conjugated monoclonal antibodies from BD Biosciences. Generally, 3 x 10° -5 x
105 cells were washed, resuspended in 50100 xL of RPMI 1640, and stained with mouse anti—
human PANys—phycoerythrin (PE) clone 5A6.E9 (Pierce Biotechnology), mouse anti-human
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V$2-PE clone B6, mouse anti-human CD3-fluorescein isothiocyanate (FITC) clone UCHT1,
mouse anti-human CD3-allophycocyanin (APC) clone UCHT1, mouse anti-human CD107a—
FITC clone H4A3, and isotype controls, including rabbit anti-mouse 1gG1-FITC clone X40,
IgG1-PE clone X40, and IgG1-APC clone X40. For detection of intracellular IFN-y or tumor
necrosis factor (TNF)—a, expanded cells were stained with VV62-PE, fixed, permeabilized, and
incubated for 45 min at 4°C with mouse anti-human IFN-y—APC clone B27 or mouse anti—
human TNF-a—APC clone MADb11. Intracellular staining solutions were obtained from the
Cytofix/Cytoperm Kit (BD Biosciences). Data for at least 1x104 lymphocytes (gated on the
basis of forward- and side-scatter profiles) were acquired for each sample on a FACSCalibur
flow cytometer (BD Biosciences). All samples were analyzed using FCS Express software
(version 3; De Novo Software).

For stimulation before staining, Vy2V82 T cells were treated with VV or UV-VV (MOI of 1)
for 2 h, washed twice, and added to 96-well plates (Corning). In some experiments, to stimulate
Vy2V82 cells, wells were coated with the anti-human y6 TCR antibody, clone B1.1
(eBiosciences).

Statistical analysis

RESULTS

Differences among groups were analyzed by Student’s t test. P < .05 was considered to be
significant.

Expansion of yd T cells not stimulated by VV in vitro

PBMCs from 2 healthy, unrelated donors were stimulated with IPP, UV-VVTT (MOI of 1,
0.1,0r0.01), CEM/VVTT (CEM/VVTT:PBMC ratio of 1,0.1, or 0.01), or appropriate controls
plus IL-2. Fresh medium containing IL-2 was added every 3 days. After 2 weeks, we observed
strong yd T cell proliferative responses to IPP stimulation (figure 1). vy T cells were not
expanded after exposure to UV-VVTT or CEM/VVTT (figure 1).

Inhibition of IPP- or Daudi cell-stimulated expansion of human y& T cells by VV

We next wanted to know whether VV affects IPP-stimulated expansion of Vy2V82 T cells.
UV-VVTT (MOl of 1, 0.1, or 0.01), CEM/VVTT (CEM/VVTT: PBMC ratio of 1:1, 1:10, or
1:100), and appropriate controls were added to the IPP/IL-2—treated cultures, and cells were
cultured for 14 days. IPP-driven expansion was inhibited by both UV-VVTT and CEM/VVTT
in a dose-dependent manner, compared with that observed in mock-treated or CEM cell
controls (figure 2A). At an MOI of 1 for UV-VVTT or a 1:1 CEM/VVTT:PBMC ratio for
CEM/VVTT, the frequency of V&2* T cells on day 14 was indistinguishable from that in the
starting cultures, and IPP-stimulated expansion was inhibited completely. We repeated the
experiment using 3 additional donors. At an MOI of 1 for UV-VVTT or a 1:1 CEM/VVTT:
PBMC ratio, we obtained similar results for all donors, finding complete suppression of
Vy2Vd2 T cell proliferation (figure 2B). We also detected an effect of VV on Daudi cell-
stimulated expansion of y3 T cells. Either UV-VVTT was added to a Daudi cell/IL-2—treated
culture or Daudi B cells were preinfected with VVTT for 20 h before being added to the culture
system. The results indicated that Daudi cell-stimulated expansion of y5 T cells was completely
inhibited by VV (figure 2B). Importantly, VVTT had little inhibitory effect on PHA-stimulated
proliferation of CD4* or CD4~ cells in PBMCs (figure 2C). There was a trend toward a lower
proliferative response among CD4™ cells that were exposed to CEM/VV or UV-VV (figure
2C), but the differences were small compared with the effects on Vy2Va2 T cells. This indicates
that IPP/Daudi cell-driven expansion of y5 T cells is much more sensitive to VV-induced
negative signaling and that the effect is not likely due to random destruction of T cells.
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We hypothesized 2 models for inhibition: either VV proteins blocked a signaling pathway that
prevented yd T cell activation or VV killed yd T cells that were activated by exposure to IPP
or Daudi cells. To discriminate between these 2 mechanisms, we analyzed the Vy2 chain
repertoire before and after stimulation in the presence of VV, and we tested Vy2Vé2 T cell
viability. It is known that IPP stimulation expands a subset of yo T cells that express the Vy2-
Jy1.2/V52 TCR [13]. This selective expansion skews the Vy2 repertoire toward longer chain
lengths, and the change can be detected by spectratyping. If the first hypothesis is correct, the
spectratype would remain unchanged after IPP or Daudi cell stimulation in the presence of
VV. If the second hypothesis is correct, the proportion of Vy2-Jy1.2/V32 T cells will be reduced
sharply, and the bias toward longer VVy2* chains will be relaxed. Even though UV-VVTT,
CEM/VVTT, and infectious VVTT completely inhibited the IPP-driven expansion of yd T
cells, there was little impact on the length distribution of Vy2 chains (figure 3A-3B). In
addition, we incubated a Vy2V62 T cell line (obtained by expanding IPP-responsive yd T cells
from PBMCs for 10 days) with VVV. There were no changes in the frequency of cells expressing
the Vy2-Jy1.2 chain over 35 h after VV exposure (figure 3C), and there were only slight effects
on cell viability (figure 3D). Because there were only small changes in the V/y2 repertoire and
because incubation with VVV did not cause widespread cell death, we favor the first model
hypothesizing that VV blocks a signaling pathway in Vy2Vs2 T cells and prevents their
proliferative response to IPP stimulation. However, it is clear that additional studies are needed
to confirm this mechanism.

Inhibition of the cytotoxicity function of y® T cells by VV

Unlike NK cells, which exhibit increased lysis of VVV-infected targets in vitro [31], yo T cells
did not kill VV-infected CEM cells (data not shown). We measured the effect of VV infection
on yd T cell cytotoxity for Daudi cells. IPP-expanded vyé T cells from different donors were
exposed to purified VVTT or UV-VVTT at an MOI of 1 for 2 h and then were tested for lysis
of Daudi B target cells in a calcein-release cytotoxicity assay. Infection reduced the
effectiveness of y5 T cells from all donors (figure 4). Exposure to UV-VV had less effect on
the level of lysis by y3 T cells, indicating that active virus infection was more potent for
inhibiting v5 T cell Killing of Daudi cells.

Cell-surface CD107a not reduced by VV after stimulation by anti-human y3 TCR antibody

CD107a (lysosomal-associated membrane protein 1) is present in membranes of cytotoxic
granules and is transiently expressed on cell surfaces as a result of degranulation [32,33]. We
know that CD107a appears on the surface of y5 T cells from ~10 to 60 min after stimulation
through the TCR [34]. We observed that VVTT infection (MOI of 1) did not alter CD107a
expression after brief stimulation with anti-human y5 TCR antibody (figure 5). This indicates
that V'V inhibition of yd T cell cytotoxicity is not a direct result of altered degranulation.

Inhibition of anti-human y& TCR antibody—stimulated y& T cell production of IFN-y and TNF-

o by VWV

We measured the effect of VV infection on TNF-a and IFN-y production by y3 T cells. VVTT
infection (MOI of 1) significantly inhibited TNF-a and IFN-y production by y8 T cells after 2
h of stimulation with anti-human y3 TCR antibody (figure 6).

Observation of similar effects with VVNY

We repeated some of the previous experiments using the VVNY strain. We observed similar
inhibition of IPP-stimulated yd T cell expansion (figure 2A) and reduced TNF-a and IFN-y
production in the presence of VVNY (figure 6C-6D). Overall, the VVNY strain was less potent
with respect to inhibition of y6 T cell responses but still produced significant reduction of
activity compared with the controls. We concluded that the effects on yd T cell functions are
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not unique to the VVTT strain or to the recombinant antigens expressed therein but seemed to
be a general property of VV, although we do expect there to be differences in the magnitudes
of effects for other V'V strains.

DISCUSSION

We observed a strong, VV-mediated inhibition of human y3 T cells. Infectious VV, VV
particles inactivated with UV light, and VVV-infected cells all produced a specific and potent
suppression of y3 T cell proliferation without substantially inhibiting af T cell responses in
the same cultures. The TianTan strain carrying the HIV gag gene [27] and the nonrecombinant
NYCBH VV strain [28] showed similar inhibition of Vy2V82 T cell proliferation and cytokine
expression. In previous experiments using HIV-infected CEM cells as stimulators (the same
cells used for VV infection here), we observed Vy2V82 proliferation [35]. HIV virions
themselves stimulate Vy2V82 T cells [36], and there was no evidence for inhibition of
proliferation by HIV particles or by HIV-infected cells. The mechanism for suppressing y8 T
cells is specific to VV (either TianTan or NYCBH strains) and was not due to retroviral Gag
antigens produced by the recombinant TianTan strain.

The mechanism for VV suppression of y3 T cells likely involves a blocking of T cell activation.
Treatment with VV blocked the production of cytokines known to be expressed soon after
vd T cell activation. We measured cytokine production by intracellular staining, to avoid
problems with the VV decoy receptors for TNF-a and IFN-y, which have confused some assays
for soluble cytokine [3,4]. Cytokine responses are strong within 2 h after TCR-dependent
stimulation and were suppressed by VV. However, another yd T cell response (cell-surface
expression of CD107a) was not affected, even though exposure to VV produced a marked
reduction in yd T cell cytotoxicity. Tumor cell cytotoxicity by y6 T cells is a combination of
perforin/granzyme and FasL/TNF-related apoptosis-inducing ligand (TRAIL) mechanisms
[37], and the incomplete block of tumor cell killing may indicate a greater effect on FasL/
TRAIL, compared with perforin/granzyme, release. VV also inhibits Fas-mediated apoptosis
[38], and this may also be important in our cytotoxicity studies.

We attempted to rule out VV destruction of activated yd T cells. Cell viability was preserved
during brief exposures to VV, and the extent of yd T cell suppression was similar for both
infectious and inactivated V'V particles. Spectratyping measures changes in the subset of y6 T
cells that respond to model antigens [13] and showed that the V/y2 repertoire was not changed
greatly by VV exposure. These data argue that VV inhibits Vy2Vé2 T cell proliferation by
blocking an activation signal or by arresting cell proliferation, but the effect is not explained
by killing the responding cells. It is important to note the minor impact of VV on PHA-induced
ap T cell proliferation, because there may be similarities between the aff T cell response to
PHA and the y5 T cell response to IPP or Daudi cells.

Other viruses have been reported to block lymphocyte responses. For example, measles virus
glycoprotein has a broad antiproliferative effect on lymphocyte proliferation [39]. Quite unlike
the example for VV suppression of y3 T cell responses, the measles virus inhibits proliferation
of all lymphocyte subsets without apparent specificity.

What is the biological importance for VV suppression of yé T cell responses? Our results and
the emerging literature suggest 2 working hypothesis. First, inhibition of y6 T cells may
increase VV replication or persistence in the host. Selin et al. concluded that yd T cells were
necessary for resistance to lethal V'V infection in the mouse [22], and a mechanism for
overcoming this host response may contribute to V'V replication in human beings with a
consequent impact on immunity to VV and expressed recombinant antigens.
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Second, we know that yd T cells have important regulatory functions. Mice that were orally
tolerized to sheep red blood cells (SRBCs) suppressed this response and recovered the ability
to recognize SRBCs after adoptive transfer of yo T cells from a naive donor [40]. Murine v
T cells are believed to be critical for the suppression of pathological inflammatory reactions
[41,42] via a mechanism involving cell-surface FasL [43,44]. Immune suppression was also
implicated when y3 T cell knockout mice were challenged with Listeria monocytogenes. The
vd T cell deficient mice were unable to develop protective immunity to L. monocytogenes and,
surprisingly, developed a lymphoproliferative disorder that was lethal [45] because of the
absence of yo T cell suppressor activity. VV inhibition of yd T cells may reduce immune
suppression and allow for greater immune responses to VV and recombinant antigens.

VV inhibition of human y3 T cell responses is another of the viral mechanisms for evading
host immunity. By blocking this important T cell subset, it is likely that the magnitude, duration,
and quality of immune response to poxvirus and recombinant antigens are altered. In future
studies, we hope to identify and inactivate the viral and host proteins responsible for y5 T cell
inhibition and to reexamine VV immunity in the presence of functional y8 T cell immunity.
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Figure 1.

Lack of stimulation of y3 T cell expansion in vitro by vaccinia virus (VV). Peripheral-blood
mononuclear cells (PBMCs) from 2 healthy, unrelated donors were stained for PANyd and
CD3 on day 0 and 14 days after stimulation with isopentyl pyrophosphate (IPP), UV light—
inactivated TianTan strain carrying the HIV gag gene (UV-VVTT; MOI of 1, 0.1, or 0.01), or
irradiated VV-infected CEM cells (CEM/VVTT; CEM/VVTT:PBMC ratio of 1, 0.1, or 0.01).
Although IPP stimulated obvious expansion of y5 T cells, UV-VVTT and CEM/VVTT did not
induce any expansion of yd T cells. APC, allophycocyanin; FITC, fluorescein isothiocyanate.
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Figure 2.

Inhibition of isopentyl pyrophosphate (IPP)- or Daudi cell-stimulated expansion of human
vd T cells by vaccinia virus (VV). A, Dose dependency of inhibition. UV light—inactivated VV
(UV-VV; either the TianTan strain carrying the HIV gag gene [VVTT] or the nonrecombinant
New York City Board of Health strain [VVNY]; MOI of 1, 0.1, or 0.01), irradiated VVTT- or
VVNY -infected CEM cells (CEM/VV; CEM/VV:peripheral-blood mononuclear cell [PBMC]
ratio of 1:1, 1:10, or 1:100), or appropriate controls were added to IPP/interleukin (IL)-2-
treated cultures. On day 14, the expansion was measured by flow cytometry. IPP-driven
expansion of yd T cells was inhibited by both UV-VV and CEM/VV in a dose-dependent
manner, compared with that in mock-treated or CEM cell controls. B, Repetition of experiment
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in 3 additional donors. At an MOI of 1 for UV-VVTT or a CEM/VVTT:PBMC ratio of 1:1,
we obtained similar results for all donors, showing complete suppression of Vy2Va2 T cell
proliferation. An effect of VV on Daudi cell-stimulated expansion of y3 T cells was also
detected. UV-VVTT (MOI of 1) was added to Daudi/IL-2-treated cultures or Daudi B cells
were preinfected with VV (MOI of 1) for 20 h before being added to the culture system. The
results indicated that Daudi cell-stimulated expansion of y5 T cells was completely inhibited.
C, Little inhibitory effect of VVTT on phytohemagglutinin (PHA)—stimulated proliferation of
CD4* or CD43 cells in PBMCs. PBMCs were stained with carboxyfluorescein diacetate
succinimidyl ester (CFSE), cultured in 96-well round-bottomed plates in the presence of either
UV-VV (VVTT or VVNY) at an MOI of 1 or CEM/VV (VVTT or VVNY) at a CEM/
VV:PBMC ratio of 1:1, stimulated with 5 xg/mL PHA and 100 U/mL IL-2 for 4 days, and
stained with anti-CD4 antibody for the flow cytometry assay. APC, allophycocyanin; FITC,
fluorescein isothiocyanate.
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Figure 3.

Alteration of the length distribution of Vy2 chains or reduction in viability not induced by
vaccinia virus (VV) in a Vy2Vé2 T cell line. Total RNA was extracted from cells before
stimulation or 14 days after stimulation with isopentyl pyrophosphate (IPP), IPP plus irradiated
CEM cells infected with the TianTan VV strain carrying the HIV gag gene (CEM/VVTT,;
CEM/VVTT:peripheral-blood mononuclear cell [PBMC] ratio of 1:1), UV light-inactivated
VVTT (UV-VVTT; MOI of 1), or live VVTT (MOI of 1) (A). cDNA was synthesized, and a
spectratype assay was performed. The proportion of Vy2-Jy1.2 chains was not significantly
changed after VV exposure (B). A Vy2Va2 T cell line was generated by IPP stimulation of
PBMCs and proliferation of the vy T cell subset (C). These cells were exposed to VV and
samples were collected for 35 h, to measure the frequency of Vy2-Jy1.2 chains. There were no
significant changes over this time interval. The Vy2V62 T cell line was cultured with VVTT
for 3 days without substantial loss of cell viability (D).
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Inhibition of Daudi cell cytotoxicity of yo T cells by vaccinia virus (VV). Isopentyl
pyrophosphate (IPP)—expanded yd T cells from several donors were incubated with purified
TianTan strain carrying the HIV gag gene (VVTT) or UV light—inactivated VVTT (UV-
VVTT) at an MOI of 1 or with mock control for 2 h, and then the ability of these cells to lyse
Daudi B target cells was determined by calcein-release cytotoxicity assay. E:T ratio, effector-

to-target cell ratio.
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Figure 5.

CD107a FITC

Reduction in cell-surface CD107a expression not induced by vaccinia virus (VV) after
stimulation with anti-human y3 T cell receptor (TCR) antibody. Isopentyl pyrophosphate
(IPP)—expanded yd T cells from 2 donors were incubated with purified VVTT at an MOI of 1
as well as with mock control for 2 h and then stimulated with anti-human y& TCR antibody
for 2 h and stained for V62 and CD107a. FITC, fluorescein isothiocyanate; PE, phycoerythrin.
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Figure 6.

Inhibition of y3 T cell interferon (IFN)—y and tumor necrosis factor (TNF)—a production by
vaccinia virus (VV) after stimulation with anti-human vy3 T cell receptor (TCR) antibody.
Isopentyl pyrophosphate (IPP)—expanded yo T cells from 2 donors were incubated with purified
VV (either the TianTan strain carrying the HIV gag gene [VVTT] or the nonrecombinant New
York City Board of Health strain [VVNY]) at an MOI of 1 as well as with mock control for 2
h, stimulated with anti-human yd TCR antibody for 2 h, and stained for V62 and intracellular
IFN-y or TNF-a (A and C). Intracellular staining for IFN-y and TNF-a was performed in
triplicate (B and D ). Statistically significant differences (P < .05) are indicated by asterisks.
APC, allophycocyanin; PE, phycoerythrin.
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