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Abstract
Host defenses, while effecting viral clearance, contribute substantially to inflammation and
disease. This double action is a substantial obstacle to the development of safe and effective
vaccines against many agents, particularly respiratory syncytial virus (RSV). RSV is a common
cold virus and the major cause of infantile bronchiolitis worldwide. The role of αβ T cells in
RSV-driven immunopathology is well studied, but little is known about the role of
“unconventional” T cells. During primary RSV challenge of BALB/c mice, some Vγ7+ γδ T cells
were present; however, immunization with a live vaccinia vector expressing RSV F protein
substantially enhanced Vγ4+ γδ T cell influx after RSV infection. Harvested early, these cells
produced IFN-γ, TNF, and RANTES after ex vivo stimulation. By contrast, those recruited 5 days
after challenge made IL-4, IL-5, and IL-10. Depletion of γδ T cells in vivo reduced lung
inflammation and disease severity and slightly increased peak viral replication but did not prevent
viral clearance. These studies demonstrate a novel role for γδ T cells in the development of
immunopathology and cellular influx into the lungs after immunization and RSV challenge.
Though a minor population, γδ T cells have a critical influence on disease and are an attractive
interventional target in the alleviation of viral lung disease.

Respiratory syncytial virus (RSV)3 is responsible for most cases of infantile bronchiolitis,
making it the most common cause of infant hospitalization in the developed world (1). Re-
infection with RSV occurs throughout life, and is a major cause of morbidity and mortality
in immunocompromised and elderly persons (2). There is growing evidence that RSV
disease during infancy increases the risk of recurrent wheeze and asthma in later life (3).
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Despite the substantial health and economic burden created by RSV illness there is currently
no safe and effective vaccine (4).

In the 1960s, the administration of formalin-inactivated RSV resulted in exacerbated disease
and two deaths upon natural RSV infection in later childhood. Analysis of the post mortem
lung tissue demonstrated extensive pulmonary infiltration with mononuclear cells,
neutrophils and eosinophils. In mice, immune augmentation is seen after RSV challenge in
animals that have been vaccinated with formalin-inactivated RSV or with recombinant
vaccinia virus vectors expressing individual RSV Ags. This immune exacerbation is thought
to be caused by primarily RSV-specific αβTCR+ memory T cells, although there may also
be a role for disease-enhancing Ab (5-9).

The development of safe and effective vaccines for RSV would be accelerated by a more
complete understanding of the immunological mechanisms of disease enhancement. The
fusion (F) protein of RSV is known to elicit strong CD4 and CD8 T cell responses as well as
potentially protective neutralizing B cell responses (8, 9). Most experimental RSV vaccines
use the RSV F protein (10-14), but none has lead to a successful vaccine for clinical use.
Although the induction of Ab and conventional MHC-restricted peptide-specific αβ T cells
by F is well understood, far less is known about the role of unconventional cells, such as γδ
T cells.

However, there are intriguing indications that such cells may play an important part in
regulating the response to viral infections of the lung. γδ T cells are disproportionately
associated with internal and external body surfaces, frequently expressing particular Vγ-Vδ
pairings: the human gut is rich in Vγ1Vδ1+ cells while the peripheral blood is contains
Vγ9Vδ2+ cells; the murine skin is enriched in Vγ5Vδ1+ cells, while most of those in the
circulation express either Vγ1 or Vγ4 (15-17). Although mice depleted of γδ T cells remain
resistant to most microbial challenges, they show substantial alterations in patterns of
immunopathology (18-20). γδ T cells from the peripheral blood of RSV-infected infants
produce less IFN-γ and more IL-4 after stimulation than do equivalent cells from reovirus-
infected infants. Although the percentage of γδ T cells producing IFN-γ increases during
convalescence in children who recover fully, this is not seen in children who develop
postbronchiolitic wheeze (21) indicating that γδ T cells may influence the inflammation that
accompanies challenge and the development of long-term effects. Although numerically
scarce by comparison to conventional T cells, γδ cells can contain very high levels of potent
effector and regulatory mediators that may be released rapidly upon stimulation (22-24),
thereby influence the development of other immune responses.

To test the contribution of γδ T cells to RSV disease, mice were infected with RSV with or
without immunization with recombinant vaccinia virus expressing RSV F protein. After
challenge of sensitized mice, Vγ4+ γδ T cells were recruited to the lungs; these produced
IFN-γ, RANTES, IL-10, IL-4, and IL-5 in a time-dependent manner. In vivo depletion of
γδ T cells slightly (but significantly) increased peak viral replication during secondary
challenge of vaccinated mice without compromising viral clearance, yet greatly reduced the
severity of vaccine-enhanced disease. Thus, although γδ T cells are a numerically small
population of cells, they have a major role in driving inflammation and in directing the
magnitude and severity of disease upon RSV challenge. Therefore, inhibition of γδ T cell
activation is a promising target for alleviating vaccine-augmented RSV disease.
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Materials and Methods
Mice and virus stocks

Eight- to ten-week-old female BALB/c mice were purchased from Harlan Olac and kept in
pathogen-free conditions. RSV (A2 strain) and recombinant vaccinia virus (rVV) expressing
the fusion protein (-F) of RSV or control β-galactosidase (rVV-β-gal) were grown as
previously described (8). All work was ethically approved and licensed appropriately.

Mouse challenge and treatment
Anesthetized mice were scarified on the rump with 3 × 106 PFU of recombinant vaccinia
virus in 10 μl. Two to three weeks later, mice were challenged intranasally with 2 × 106

PFU RSV in a final volume of 50 μl. For depletion experiments, mice were injected i.p. with
0.5 mg anti-Cγ mAb (UC7–13D5, hamster IgG) or control (Purified hamster IgG, Jackson
ImmunoResearch Laboratories,) starting 1 day before and repeated 2 days after RSV
challenge. They were weighed and monitored daily. At various time points groups of mice
were killed by injection of 3 mg pentobarbitone (i.p.) and exsanguinated via the femoral
vessels before dissection.

Cell and tissue recovery
Bronchoalveolar lavage (BAL) and lung cells and BAL fluid were obtained as described (8).
In brief, 100 μl from each BAL fluid was cytocentrifuged onto glass slides for H&E
staining. Cells were resuspended at 106 cells/ml in RPMI 1640 containing 10% FCS, 2 mM/
ml L-glutamine, 50 U/ml penicillin, and 50 μg/ml streptomycin (R10F). In some experiments
lung tissue was snap-frozen in liquid nitrogen for later RNA extraction.

Flow cytometric analysis of cell surface and intracellular Ags
After blocking cells with anti-CD16/32 Abs (Fc block, BD Biosciences), surface stains were
performed with anti-TCR δ-chain-PE (GL3, BD Biosciences) and anti-CD3ε-FITC (Caltag),
or anti-Vγ4, 5, or 7 mAb (courtesy of JA Bluestone) for 30 min at 4°C, followed by anti-
hamster IgG-FITC (BD Biosciences) and fixed with 2% formaldehyde. For intracellular
cytokine stains, 106 live cells/ml were incubated with plate-bound anti-CD3 (5 μg/ml) and
anti-CD28 (5 μg/ml) for 6 h at 37°C in the presence of Brefeldin A (10 μg/ml), and stained
for surface Ags and fixed as above. Cells were then permeabilized with 0.5% saponin in
PBS containing 1% BSA and 0.1% azide for 10 min and then stained with
allophycocyaninconjugated anti-IFN-γ (XMG1.2, BD Biosciences), PE-conjugated anti-
IL-4 (11B11, BD Biosciences), PE-conjugated anti-IL-5 (TRFK5, BD Biosciences), PE-
conjugated anti-IL-10 (JES5–16E3, BD Biosciences), QR-conjugated anti-RANTES
(RandD Systems) or FITC-conjugated anti-TNF (MP6-XT22, BD Biosciences) in PBS with
BSA and azide. Samples were analyzed on a Coulter EPICS Elite or FACS LSR flow
cytometer (BD Biosiences), collecting data on at least 40,000 gated cells.

In vitro cytokine production from lung cells
Cells (4 × 105 per well) were cultured for 72 h in the presence of medium alone, RSV (MOI
2.0), or plate-bound αCD3/TCRβ (5 μg/ml) Ab in 0.2 ml R10F medium in 96-well plates.
After 72 h, the supernatants were harvested and stored at −80°C for later cytokine analysis.
IFN-γ, IL-4, and RANTES, were quantified using paired Abs from BD Pharmingen. In
brief, microtiter plates were coated with 100 μl of capture Ab overnight at 4°C. After three
washes with PBS containing 0.5% Tween 20, plates were blocked with 200 μl of PBS-1%
BSA and left for 2 h at room temperature. Samples and standards (diluted in PBS with 1%
BSA and 0.05% Tween 20) were incubated overnight at 4°C. After four washes, bound
cytokine was detected using biotinylated Abs, then avidin-HRP, followed by O-
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phenylenediamine dihydrochloride, read at 490 nm. Standard curves were used to calculate
concentrations. The assay for IL-4 covered the range 7.8 to 2000 pg/ml; for RANTES, 10 to
2500 pg/ml, and for IFN-γ, 31.3 to 10000 pg/ml.

Antibody ELISA
Total IgA and IgE in BAL were quantified using sandwich ELISA (BD Biosciences).

Nested PCR analysis of lung V gene segment usage of γδ T cells
Total RNA was extracted from snap-frozen whole lung as previously described (17) before
ethanol precipitation. Six micrograms of total RNA was used to synthesize cDNA from
random hexonucleotides. The integrity of cDNA was initially tested using the house keeping
gene β-actin. PCR cycles were performed in a tetrad DNA thermal cycler. One microliter
cDNA, 2.5 μl forward primer (2.5 μM), 2.5 μl reverse primer (2.5 μM), 2.5 μl dNTPs (2.5
μM), 0.5–2 μl MgCl2 (25 mM) (Promega), 2.5 μl 10×PCR buffer (Promega), and 0.15 μl
TaqDNA Polymerase (5u/μl) (Promega) were added in a total reaction volume of 25 μl and
made up with dH2O. After the initial denaturation at 94°C for 3 min, cycles comprised
denaturation at 94°C for 30 s, primer annealing between 58 and 60°C for 45 s, and primer
extension at 72°C for 1 min, repeated 39 times for Vγ and Vδ PCRs and 26 times for
control β-actin. PCR products were then extended at 72°C for 10 min. For each nested PCR
primer set, the positive control cDNAs from thymus, skin, and gut were also included, plus a
negative control.

Quantitative analysis of viral load
Total RNA was extracted from lungs stored in TRIzol. One microgram total RNA was used
to synthesize cDNA using random hexanucleotides in 20 μl total volume. PCR was used to
detect the L gene as previously described (25), using standard L plasmid (101 to 107 copies)
and a non-template controls, with 2 μg cDNA was per reaction in 25 μl total volume.
Concentrations were: forward primer: 900 nM); reverse primer: 300 nM; and probe: 100
nM. Cycles were 1 cycle of 50°C for 2 min, 1 cycle of 95°C for 10 min, and 40 cycles of
95°C for 15 s.

Statistical analysis
A Student t test was applied using GraphPad Prism v4.00 and statistical significance
assumed at p < 0.05.

Results
Enhanced influx of lung γδ T cells in vaccine-augmented RSV disease

Immunization of mice with a vaccinia vector expressing RSV F protein (rVV-F) induces
CD4, CD8, and B cell memory that increase illness (as reflected by weight loss) after RSV
challenge, compared with vaccinia vector encoding control Ag βgal (Fig. 1a). Before RSV
challenge, we estimate that on average there were only about 100 CD3+ γδ TCR+ T cells in
BAL and ~1000 in the whole lung. They increased transiently in β-gal-immunized mice
after RSV challenge, peaking at ~1.2 × 104 cells in BAL (Fig. 1b) and ~4.22 × 104 cells in
lung (Fig. 1c) on day 4. In contrast, mice immunized against RSV F protein showed
substantially enhanced γδ T cell influx to the BAL (Fig. 1b) and lungs (Fig. 1c) up to day
10 post RSV challenge. FACS analysis showed an influx of CD3+ γδTCR+ cells to the BAL
(Fig. 2); CD3+ γδTCR+ cells were almost exclusively CD4−, CD8−, CD45RBlow, and
CD44high in both BAL and lungs (data not shown).
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Vγ expression by γδ T cells
To examine Vγ and Vδ expression, nested PCR was performed on cDNA from whole lung
tissue taken at days 4 and 7 post challenge (p.c.). In βgal-immunized mice, no signal was
detected for Vγ5-Jγ1 or Vγ6-Cγ1, but Vγ4-Jγ1 gave weak signals 4 and 7 days after RSV
challenge. A stronger signal was detected for Vγ7-Jγ1 (data not shown). In rVV-F-
immunized mice on day 4 of challenge, a weak signal was detected for Vγ1-Jγ4, but Vγ4-
Jγ1 signals were substantially enhanced. Both clonotypes are associated with infiltrating
cells (26) and the signals were maintained at day 7; no signal was detected for Vγ7-Jγ1 at
any time point. This indicated that immunization with RSV F protein induced influx of
different γδ T cell clonotypes, compared with control mice with more rapid kinetics.

To confirm expression of these clonotype TCR at the cell surface, Abs against Vγ4
(identifying cells normally associated with the systemic compartment), Vγ5 (associated
with skin), and Vγ7 (associated with the gut) (27) were used to clonotype BAL γδ cells of
mice immunized with RSV F protein, 4 days post RSV challenge. Very few Vγ5+ or Vγ7+

cells were found, but >80% expressed Vγ4, consistent in an infiltration of cells from the
circulation (Fig. 3).

Cytokine profile of lung γδ T cells during challenge
FACS analysis of intracellular cytokines showed that before RSV challenge, the rare γδ
cells in the lungs of rVV-F-immunized mice exhibited a ‘Th1’ cytokine profile with ~30%
producing IFN-γ or TNF and 65% expressing RANTES after αCD3/αCD28 restimulation
(Fig. 4a). Almost all γδ T cells produced IFN-γ and TNF simultaneously. At this time, no
γδ T cells contained detectable IL-4, IL-5, or IL-10 (Fig. 4b). However, after RSV
challenge of rVV-F-immunized mice lung γδ cells showed a decline in Th1 cytokine
production and a rapid increase in Th2 cytokines. By day 5, <10% of γδ T cells produced
IFN-γ or TNF-α while ~15% produced IL-10, ~10% produced IL-4, and IL-5 also
increased. These increases were sustained for ~7 days. RANTES production by γδ cells also
fell initially but had largely recovered within 7 days; however, Th1 cytokine production was
still depressed 14 days after challenge. Thus, lung γδ T cells from F-primed mice produce
Th1 cytokines and proinflammatory chemokines early after RSV challenge, and then switch
to Th2 and suppressive cytokines at the peak of disease severity.

Depletion of γδ T cells in vivo reduces disease severity after RSV challenge
To determine whether γδ T cells alone regulated disease severity, mice were depleted of γδ
T cells by treatment with a mAb specific for Cγ (28) 13 days after rVV-F immunization.
Flow cytometry confirmed that γδ T cells were efficiently depleted in the lung and the BAL
(Fig. 5, a and b), and that two Ab doses were sufficient to deplete γδ T cells for more than
14 days.

Weight loss was greatly inhibited in anti-Cγ treated mice (Fig. 5c), resembling that seen
after RSV challenge of nonimmunized mice (β-gal in Fig. 1a). Viral replication was
detectable despite immunization, but peak viral load was reduced from ~106 copies/mouse
in primary infection to ~1.3 × 104 copies/mouse. Immunized, anti-Cγ treated mice showed a
small but significant increase in viral L gene copy number (to 2.6 × 104; p < 0.05) at day 4,
which fell to baseline by day 7 (Fig. 5d). Therefore, γδ T cells are critical to the
development of enhanced disease observed after immunization with RSV F protein and
contribute to controlling peak viral load, they do not affect eventual viral clearance.

Depletion of γδ T cells in vivo reduces IFN-γ, IL-4, and RANTES production in the lung
To show whether γδ T cell depletion reduced disease severity because of mediator release,
we examined the effects of depletion on production of IFN-γ and IL-4 and RANTES. Anti-
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Cγ treatment had no effect on BAL IFN-γ (Fig. 6a) or IL-4 (Fig. 6b), but did significantly
reduce RANTES levels at day 2 (Fig. 6c). There was no significant effect on BAL mediators
on days 7, 10, or 14. Measuring RSV-induced release of mediators from isolated lung cells,
in vivo depletion reduced the production of IFN-γ (Fig. 6d), IL-4 (Fig. 6e), and RANTES
(Fig. 6f) by cells from these same mice on day 4 (the time at which the greatest difference in
weight loss was seen). By day 10, levels of release were lower and only IL-4 release showed
a significant effect of prior in vivo depletion (Fig. 6e). Thus, γδ T cells are important in
early airway RANTES release, and in later viral Ag-specific release of multiple mediators
from interstitial lung cells.

Depletion of γδ T in vivo reduces BAL and lung cell influx after RSV challenge
To show whether γδ T cell depletion reduced disease severity because of reduced cell influx
to the lung compartment, we examined the effects of depletion on other immune responses.
Anti-Cγ treated mice had significantly reduced cell counts in both the BAL (Fig. 7a) and
lungs (Fig. 7d). This decrease was associated with a strong inhibition in CD8 T cell influx
on days 10 and 16 (Fig. 7b). There were striking decreases in BAL B cell numbers on days 4
through 16 (Fig. 7c) and IgE levels in the BAL fluid showed a significant reduction on day
10 compared with controls (Fig. 7g). IgA levels were unaffected by depletion (Fig. 7h).
These findings are in accord with evidence that γδ cells promote B cell help and germinal
center formation (29, 30). There were significant but transient decreases in CD4 T cells (Fig.
7e) and NK cell influx was also reduced (Fig. 7f). We observed no change in the recruitment
of granulocytes (data not shown). Thus, γδ T cells promote influx of both innate and
adaptive immune cells, possibly in a RANTES-dependent manner.

Discussion
Our results show that γδ T cells have remarkable effects on the scale and nature of the
inflammatory response to RSV challenge. Although primary RSV infection caused a small
and transient rise in the number of γδ T cells, infection after immunization with RSV F
protein lead to a sustained accumulation of γδ T cells expressing a spectrum of Th1 and Th2
cytokines and proinflammatory chemokines. Crucially, depletion of γδ T cells in such
sensitized mice greatly reduced disease severity, lung cytokine production, and cell
infiltration. Therefore, although γδ T cells are numerically rare they contribute substantially
to immune-augmented RSV disease.

Although we found that γδ T cells were much more numerous in mice with disease
enhanced by prior vaccination with vaccinia expressed F, this was not just a feature of
immune enhanced disease. In mice immunized with vaccinia expressing the RSV M2
protein there is sustained, substantial enhancement of disease (31) but a notable lack of γδ T
cells (data not shown). It is possible that γδ T cell activation is critically dependent on
memory CD4 T cells, since F (but not M2) induces a strong CD4 T cell response, much
greater than that seen in primary infection. In chronic malaria, depletion of CD4 T cells
results in a marked decrease of splenic γδ T cell numbers and exacerbation of parasitemia
(32). Therefore, γδ T cells and CD4 T cells may act together to enhance RANTES
production, cell influx, and disease.

It also seems that γδ T cells may act in concert with NK cells in the control of viral load.
Depletion with anti-Cγ Ab resulted in an increase in peak viral RNA load, accompanied by a
reduced NK cell influx. It is known that NK cells are important for viral clearance in this
model (33), so it is possible that the antiviral action of γδ T cells is caused by effects on NK
cells. Alternatively, it is possible that γδ T cells control viral replication via direct cytotoxic
effector mechanisms. However, viral load is always very low in secondary infection of
vaccinated mice (compared with primary infection of naive mice) and clearance was
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complete at day 7 in all groups regardless of depletion, probably due to the antiviral effects
of Ab, CD8 T cells, and NK cells (5, 33).

We found that ~80% of lung γδ T cells expressed Vγ4, suggesting that they are recruited
from the circulatory pool. This has been observed in other models (34). For example, Lahn
et al. found that a small population (1–2 × 104 cells) of Vγ4+ CD8α+β+ γδ T cells inhibit
airway hyperresponsiveness after OVA sensitization and challenge in mice, even in the
absence of αβ T cells. Upon stimulation, these cells secrete IFN-γ and their depletion
exacerbates airway hyperresponsiveness upon subsequent OVA challenge (35). In murine
Coxsackie virus B3-induced myocarditis, Huber et al showed opposing roles for two
different clonotypes in that Vγ4+ γδ T cells were associated with disease susceptibility,
whereas Vγ1+ γδ T cells were associated with disease resistance (36). Depletion of Vγ4+

cells, CD4 T cells, or CD8 T cells abolished myocarditis. In our studies, Vγ1+ γδ T cells
were very scarce. The association of Vγ4+ cells with enhanced lung disease has not
previously been described.

Previous studies have demonstrated that γδ T cells produce Th1 or Th2 cytokines,
depending on the environment in which the develop (29). For example, Vγ9/Vδ2 T cells
stimulated with the low m.w. Ag HMB-PP produce RANTES in the presence of either IL-15
or IL-21, but also produce TNF, IFN-γ, or IL-4 in the presence of IL-15 (37). Our studies
show that lung γδ T cells from RSV-F-immunized, RSV-challenged mice produce IFN-γ,
TNF, and RANTES early after RSV challenge and IL-4, –5, and –10 after day 5. These data
suggest that γδ T cells initially promote the Th1 response observed in F-immunized mice,
but later change to later produce regulatory/Th2 cytokines. This change is highlighted in the
lung, where both IFN-γ and IL-4 production were reduced at day 4 (p.c.), however only
IL-4 was still reduced by day 10 (p.c.). These changes in the lung may reflect the changing
profile of the Vγ4+ γδ T cells over time. To our knowledge this is the first time that a
regulatory role for γδ T cells has been described and highlights a potentially crucial role for
γδ T cells in controlling immunopathology.

There is growing clinical evidence that γδ T cells have an equally important role in human
airway disease as γδ T cells are present and active in the mucosa of patients with allergic
rhinitis (38), in the BAL of patients with allergic asthma (39) and in the peripheral blood of
RSV-infected infants (21). Our results clearly indicate that γδ cells have modest antiviral
effects but strongly enhance the severity of viral lung disease, and reveal a hitherto
unappreciated role for γδ T cells in the development of viral immunopathology. Although
greatly outnumbered by other cells, they play a surprisingly pivotal role in the control of
disease. Therefore, we believe that γδ T cells could be an important target for therapeutic
intervention in RSV disease or infants, and that strategies that inhibit their actions would
produce clinical benefits without significantly compromising viral clearance.
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FIGURE 1.
γδ T cell response to RSV challenge is enhanced by prior immunization. Mice were
scarified with rVV-β-gal, or –F on day 0 and challenged intranasally with RSV on day 14.
Weights of β-gal (control) immunized ( ) and F-primed (■) mice were monitored daily and
the percent original body weight calculated (a). The number of TCRδ+CD3+ cells in the
lymphoid gate from the BAL (b) or lung (c) are shown. Experiments were performed at least
three times containing five mice per group.
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FIGURE 2.
Representative FACS analysis of TCRδ+CD3+ cells from the BAL of mice. Mice were
scarified with rVV-β-gal (control), or rVV-F on day 0 and challenged intranasally with RSV
on day 14. TCRδ+CD3+ cells in the BAL were identified by flow cytometry. Representative
dot plots are shown for mice immunized with rVV-βgal or rVV-F over the time course of
RSV infection. The percentage of TCRδ+CD3+ cells in the lymphoid gate (identified by size
and granularity) is shown for each plot. Experiments were performed at least three times
containing five mice per group.
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FIGURE 3.
Clonotypic analysis of γ-chain expression by γδ T cells. Mice were primed with rVV-F and
challenged with RSV on day 14. BAL and lung samples were harvested on day 4 after
challenge. BAL and lung cells from infected mice were counted and stained with PE-
conjugated anti-γδ TCR and either purified anti-Vγ4, -Vγ5, or -Vγ7 hamster mAbs. Cells
were then stained with FITC-conjugated anti-hamster Ab and analyzed. Representative dot
plots are shown. Percentage BAL cells that expressed the detected γ-chain are shown. At
least 20,000 cells were collected from each sample. Experiments were performed at least
three times containing five mice per group.
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FIGURE 4.
Cytokine content of lung γδ T cells. Mice were primed with rVV-F and challenged with
RSV on day 14. Lung cells were harvested at various time points, restimulated as described
in Materials & Methods, stained with anti-C-γδ-PE, permeabilized, and stained for IFN-γ,
RANTES, TNF (a) and IL-4, IL-5, or IL-10 (b). Isotype controls for each Ab were used to
determine specific staining. The percentage of lung γδ T cells producing each cytokine is
shown. Five mice were analyzed at each time point. C, Representative dot plots (right) and
their respective isotype controls (left) from individual mice are shown (day 0 for IFN-γ, day
7 for other cytokines). Experiments were performed at least three times containing five mice
per group.
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FIGURE 5.
Effect of γδ T cell depletion on weight loss in RSV-challenged, immunized mice. Mice
primed with rVV-F, were after 14 days treated with isotype control (open symbols) or αCγ
mAb UC7–13D5 (■) −1 and +2 day relative to RSV challenge. On day 4 after RSV
challenge BAL cells were stained for γδ T cells as described in Fig. 1. γδ T cells were
present in mice treated with control Ab (a) but not detected in those treated with αCγ mAb
(b). Mouse weights are shown as mean ± SEM of starting weights (c). Total RNA was
extracted from lungs of immunized, challenged mice at various time points and treated as
described in Materials and Methods. The number of viral genome copies was based on
detection of the L gene DNA sequence; plasmids (107 to 101 copies) containing the L gene
were used as standards and a nontemplate control as the negative (d). Results are shown as
mean ± SEM of five mice per group of TCRγδ depleted mice (■) or controls (open
symbols). *, p < 0.05; **, p < 0.02; ***, p < 0.001.
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FIGURE 6.
Cytokine levels in bronchial lavage fluid and supernatant of cultured lung cells. Mice were
immunized with rVV-F and challenged with RSV with and without in vivo γδ T cell
depletion, as described in the legend to Fig. 5. Sequential BAL samples were taken after
RSV challenge and tested for IFN-γ (a), IL-4 (b), and RANTES (c) by sandwich ELISA. On
day 4 and 10, cells were extracted from whole lungs and stimulated with RSV Ag. IFN-γ
(d), IL-4 (e), and RANTES (f) release into supernatants was detected by sandwich ELISA.
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FIGURE 7.
Cell phenotypes and Ab production in the BAL and lungs of immunized, RSV-challenged
mice with and without depletion. Total BAL (a) and lung (d) cell recoveries were counted
by trypan blue exclusion. BAL cells were stained for CD8 (b), CD4 (e), B220 (c), or DX5
(f) surface markers. BAL supernatants were stored at −70°C before total IgE (g) and IgA (h)
detection using biotinylated Abs according to the manufacturer's instructions (as described
in Materials and Methods). Results are mean ± SEM of five mice per group of TCRγδ-
depleted mice (■) or controls (open symbols). *, p < 0.05; **, p < 0.02.
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