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Human Vc9Vd2-T cells efficiently kill influenza
virus-infected lung alveolar epithelial cells

Hong Li1,3, Zheng Xiang2,3, Ting Feng1, Jinrong Li1, Yinping Liu2, Yingying Fan1, Qiao Lu1,
Zhongwei Yin1, Meixing Yu1, Chongyang Shen1 and Wenwei Tu2

cd-T cells play an indispensable role in host defense against different viruses, including influenza A virus. However,

whether these cells have cytotoxic activity against influenza virus-infected lung alveolar epithelial cells and subsequently

contribute to virus clearance remains unknown.Using influenza virus-infectedA549 cells, human lung alveolar epithelial

cells, we investigated the cytotoxic activity of aminobisphosphonate pamidronate (PAM)-expanded human Vc9Vd2-T
cells and their underlyingmechanisms.We found that PAM could selectively activate and expand human Vc9Vd2-T cells.
PAM-expanded human Vc9Vd2-T cells efficiently killed influenza virus-infected lung alveolar epithelial cells and

inhibited virus replication. The cytotoxic activity of PAM-expanded Vc9Vd2-T cells was dependent on cell-to-cell contact

and required NKG2D activation. Perforin–granzyme B, tumor-necrosis factor-related apoptosis-inducing ligand (TRAIL)

and Fas–Fas ligand (FasL) pathways were involved in their cytotoxicity. Our study suggests that targeting cd-T cells by

PAM can potentially offer an alternative option for the treatment of influenza virus.
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INTRODUCTION

Although they represent only a small population of immune

cells, cd-T cells exhibit features characteristic of both innate

and adaptive immunity and play an indispensable role in host

defense, immune surveillance and homeostasis.1–4 In humans,

cd-T cells constitute approximately 1%–5% of circulating T

cells, and most of them bear the Vc9Vd2 T-cell receptor

(TCR).5,6 Human Vc9Vd2-T cells can be specifically activated

in an HLA-unrestricted manner by small non-peptidic phos-

phoantigens, which are metabolites of the isoprenoid biosyn-

thesis pathways.7 It is known that isopentenyl pyrophosphate

(IPP), an intermediate produced through themevalonate path-

way, can selectively activate and expand human Vc9Vd2-T
cells.8–10 Pharmacological compounds, such as the aminobi-

sphosphonate pamidronate (PAM), which is commonly used

for the treatment of osteoporosis, can activate and expand

humanVc9Vd2-T cells by inducing the intracellular accumula-

tion of IPP.8,11

cd-T cells are broadly reactive against different viruses,12–18

such as herpes viruses (herpes simplex virus, cytomegalovirus,

human herpes virus-6), vaccinia virus, influenza virus, cox-

sackie B virus and human or simian immunodeficiency virus

(HIV/SIV), indicating a role for these lymphocytes in antiviral

immune responses. Cell-mediated cytotoxicity is the major

mechanism to eliminate virus-infected cells and thus to elim-

inate potential sources of new virus. Previously, using influenza

virus-infected human monocyte-derived macrophages, we

showed that IPP-expanded human Vc9Vd2-T cells had cyto-

toxic activity against virus-infected monocyte-derived macro-

phages.10 However, macrophages are not the major target cells

for influenza virus infection, despite the influenza virus’ ability

to replicate in human macrophages.19 Human lung alveolar
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epithelial cells, as the major target cells for influenza virus

infection, are a more reliable target to investigate the antiviral

role of cd-T cells. Recently, we demonstrated that IPP-

expanded human Vc9Vd2-T cells had a non-cytolytic effect

on human influenza virus by releasing IFN-c in virus-infected

lung alveolar epithelial cells.20 However, whether these cells

have cytolytic effects in influenza virus-infected lung alveolar

epithelial cells, and subsequently contribute to virus clearance,

is still unknown.

In this study, using influenza virus-infected human lung

alveolar epithelial cells, we investigated the cytotoxic activity

of PAM-expanded human Vc9Vd2-T cells and their under-

lying mechanisms. We found that PAM-expanded human

Vc9Vd2-T cells efficiently killed influenza virus-infected lung

alveolar epithelial cells and inhibited virus replication. The

cytotoxic activity of PAM-expanded Vc9Vd2-T cells was

dependent on cell-to-cell contact and required NKG2D activa-

tion. The pathways of perforin–granzyme B, tumor-necrosis

factor-related apoptosis-inducing ligand (TRAIL) and Fas–

Fas ligand (FasL) mediated their cytotoxicity.

MATERIALS AND METHODS

Cells

Human peripheral blood was obtained from healthy donors in

accordance with the Hong Kong University Institutional Review

Board. Peripheral blood mononuclear cells (PBMCs) were iso-

lated by Ficoll-Hypaque (Pharmacia, Piscataway, NJ, USA) gra-

dient centrifugation, as previously described.21 PBMCs were

cultured in 10% fetal bovine serum RPMI-1640 medium with

9 mg/ml of PAM. Recombinant human IL-2 (Invitrogen,

Carlsbad, CA, USA) was added to reach a final concentration

of 500 IU/ml every 3 days from day 3. After being cultured for 20

days, Vc9Vd2-T cells were purified by negative selection with a

TCR cd-T-cell isolation kit, according to the manufacturer’s

instruction (Miltenyi Biotec, Bergisch Gladbach, Germany).

The purity of cd-T cells, as determined by flow cytometry, was

consistently .97%. Immortalized human alveolar type II epi-

thelial cells (A549) were cultured in RPMI 1640 medium sup-

plemented with 10% bovine calf serum.

Virus preparation, titration and infection

Influenza H1N1 virus (A/PR/8/34) was used. The virus was

cultured in Madin–Darby canine kidney cells as previously

described.22,23 The virus titer was determined by daily obser-

vation of the cytopathic effect in cells infected with serial dilu-

tions of virus stock, and themedian tissue culture infective dose

(TCID50) was calculated according to the Reed–Muench for-

mula. A549 cells were infected by influenza virus at a multipli-

city of infection (MOI) of 2. After 1 h of viral adsorption, the

cells were washed by phosphate-buffered saline to remove

unadsorbed virus.

Flow cytometry

Cells were stained for surface markers with the following anti-

bodies: anti-CD3, anti-TCRc9, anti-TCRd2, anti-NKG2D,

anti-CD69, anti-TRAIL, anti-TCR-cd, anti-MICA/B, anti-

Fas, anti-FasL, anti-TRAIL and their ligands DR4 and DR5.

For intracellular staining, cells were fixed, permeabilized and

then stained with anti-perforin and anti-granzyme B (GrB,

GB11) antibodies or their relevant isotype controls. All samples

were acquired by flow cytometry and analyzed by FlowJo soft-

ware (Tree Star, Inc., Ashland, OR, USA).

Cytotoxicity assay

Purified Vc9Vd2-T cells (effector) were cocultured with H1N1

virus-infected or mock-infected A549 cells (target) at different

effector-to-target (E/T) ratios for 5–6 h. Afterward, non-adher-

ent cells were harvested directly. Adherent cells were detached

with 0.25% trypsin-ethylenediaminetetraacetic acid. All of the

adherent and non-adherent cells were then stained with anti-

human CD3 to identify Vc9Vd2-T cells and ethidium homo-

dimer-2 (EthD-2) to identify dead cells. The cytotoxicity of

Vc9Vd2-T cells against A549 cells was assessed by flow cyto-

metry as the percentage of EthD-21 cells in the CD32 popu-

lation, as previously described.10

Transwell coculture

To evaluate the cell–cell contact requirement for Vc9Vd2-T-
cell cytotoxicity, a transwell culture system (24-well, pore

size 0.4 mm; Millipore, Bedford, MA, USA) was used. A549

cells (Target, T) in the bottom well were infected with influ-

enza virus at an MOI of 2, and Vc9Vd2-T cells (Effector, E)

were added directly into the bottom wells or into transwell

inserts at an E/T ratio of 10 : 1. After culturing for 5 h, the

A549 cells in the bottom wells were harvested and analyzed

for cell death, as described above. The supernatants in the

transwell coculture of Vc9Vd2-T cells and A549s were col-

lected at the indicated time for determining the virus titer, as

described above.

Blocking assay

Purified Vc9Vd2-T cells (E) were cocultured with influenza

virus-infected A549 cells (T) at an E/T ratio of 10 : 1 for 5 h.

The neutralization antibodies anti-NKG2D (10 mg/ml; BD

Biosciences, San Jose, CA, USA), anti-FasL (10 mg/ml; R&D,

Minneapolis, MN, USA), anti-TRAIL (10 mg/ml; R&D) and

their relevant isotype control mouse IgG1 (mIgG1) were added

to the coculture for blocking NKG2D, FasL and TRAIL

mediated pathways, respectively. For blocking perforin and

granzyme B, the perforin inhibitor concanamycin A (CMA)

(1 mg/ml; Sigma, St Louis, MO, USA) and granzyme B inacti-

vator Bcl-2 (1 mg/ml; R&D) were used, as in previous reports.24

The cytotoxicities were analyzed by flow cytometry as described

above and calculated as % inhibition relative to those of the

control.

Statistical analysis

Data are expressed as the mean6standard errors of the mean.

Statistical significance was determined by the Student’s t-test or

nonparametric tests using Graphpad Prism software (version

5). A P value of ,0.05 was considered to be significant.
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RESULTS

PAM selectively activates and expands human Vc9Vd2-T
cells

Similar to IPP,25,26 PAM and IL-2 can also selectively expand

human Vc9Vd2-T cells. Freshly isolated PBMCs contained

1%–6% of Vc9Vd2-T cells from 16 randomly selected healthy

adult donors; after 20 days of culture in the presence of PAM

and IL-2, the percentage of Vc9Vd2-T cells within PBMC

increased to 85%–97% and the absolute numbers of the

Vc9Vd2-T cells were significantly increased by 93-fold (range:

54–151-fold). In contrast, IL-2 alone did not increase the abso-

lute number of Vc9Vd2-T cells.

To determine whether PAM can activate human Vc9Vd2-T
cells, we examined cell surface markers (CD69, NKG2D, Fas,

FasL and TRAIL) and intracellular cytolytic granules (perforin

and granzyme B) in fresh and PAM-expanded Vc9Vd2-T cells.

As shown in Figure 1, fresh Vc9Vd2-T cells expressed low levels

of FasL, high levels of Fas andmedium levels of CD69, NKG2D,

TRAIL, perforin and granzyme B. In contrast, PAM-expanded

Vc9Vd2-T cells had much higher levels of CD69, NKG2D,

FasL, TRAIL, perforin and granzyme B expression compared

to fresh Vc9Vd2-T cells (Figure 1).

PAM-expanded Vc9Vd2-T cells efficiently kill influenza

virus-infected A549 cells

To determine the cytotoxic activity of Vc9Vd2-T cells against

influenza virus-infected A549 cells, purified PAM-expanded

Vc9Vd2-T cells were cocultured with mock- or influenza

virus-infected A549 cells for 5 h. As shown in Figure 2,

Vc9Vd2-T cells displayed cytotoxic activity against bothmock-

and virus-infected A549s in a dose-dependent manner.

Importantly, the killing of Vc9Vd2-T cells against influenza

virus-infected A549 cells significantly increased compared to

that against mock-treated A549 cells at E/T ratios of 10 : 1 or

20 : 1. These results demonstrate that PAM-expanded Vc9Vd2-
T cells have potent cytotoxic activity against influenza virus-

infected lung alveolar epithelial cells.

The killing of virus-infected A549 cells by Vc9Vd2-T cells is

dependent on cell-to-cell contact

To clarify whether the killing of influenza virus-infected A549

cells by Vc9Vd2-T cells requires cell-to-cell contact, we applied

a transwell culture system to separate virus-infected A549 cells

from Vc9Vd2-T cells at an E/T ratio of 20 : 1. As shown in

Figure 3, Vc9Vd2-T cells lost their cytolytic activity against

influenza virus-infected A549 cells when the physical contact

between Vc9Vd2-T cells and virus-infected A549 cells was

abrogated by a semipermeable membrane. These results indi-

cate that the killing of influenza virus-infected lung alveolar

epithelial cells by Vc9Vd2-T cells is dependent on cell-to-cell

contact.

Influenza virus replication in A549 cells is inhibited by

Vc9Vd2-T cells

Influenza virus efficiently replicated within A549 cells. The

virus titer in the culture supernatants gradually increased from

6 h post-infection and reached a peak level at 72 h post-infec-

tion (Figure 4). To determine whether there was a decline of the

viral titer in A549 cells after coculture with Vc9Vd2-T cells,

virus-infected A549 cells were cultured alone or with expanded

Vc9Vd2-T cells, either in direct contact with or separate from

Vc9Vd2-T cells. When separated from Vc9Vd2-T cells, cultur-

ing was performed by a transwell culture system at an E/T ratio

of 20 : 1. As shown in Figure 4, the virus titers in supernatant

Fresh

58%25%7%98%36%35% 30%

96%62%29%99%99%84% 83%PAM-
expanded

PerforinTRAILFasLFasNKG2DCD69 Granzyme B

Figure 1 Phenotypes of fresh and PAM-expanded Vc9Vd2-T human cells. The white histograms represent the surface expression of CD69,
NKG2D, MIC A/B, Fas, FasL, TRAIL, DR4 (TRAIL receptor 1), DR5 (TRAIL receptor 2), intracellular perforin and granzyme B, and the gray
histograms represent isotype controls. Data shown here are representative of four separate experiments. FasL, Fas–Fas ligand; PAM, aminobi-
sphosphonate pamidronate; TRAIL, tumor-necrosis factor-related apoptosis-inducing ligand.
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Figure 2 PAM-expanded Vc9Vd2-T cells efficiently killed influenza
virus-infected A549 cells. A549 cells (Target, T) were either mock
infected (A549) or infected with influenza H1N1 PR/8 virus at an MOI
of 2 (vA549), and then cultured with purified PAM-expanded Vc9Vd2 T
cells (Effector, E) at various E/T ratios for 5 h. The percentages
(mean6s.e.m.) of dead A549 cells among target cells (CD32 popu-
lation), identified as CD32EthD21, for four different experiments are
shown. *P,0.05, **P,0.01. MOI, multiplicity of infection; PAM, ami-
nobisphosphonate pamidronate.
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culture were significantly reduced after 24, 48 and 72 h of

coculture of virus-infected A549 cells and Vc9Vd2-T cells,

compared to virus-infected A549 cells alone. In contrast, there

was no significant decrease in virus titers when Vc9Vd2-T cells

were separated from virus-infected A549 cells (Figure 4). These

data suggest that the inhibition of influenza virus replication by

Vc9Vd2-T cells requires cell-to-cell contact.

Mechanisms underlying the cytotoxicity of Vc9Vd2-T cells

As PAM-expanded Vc9Vd2-T cells expressed high or medium

levels of NKG2D, Fas, FasL and TRAIL, we further determined

whether their relevant ligands were expressed in influenza

virus-infected A549 cells. As shown in Figure 5a, A549 cells

expressed high levels of NKG2D ligands (stress-inducible

MHC class I-related proteins A and B, MAC A/B),27 Fas and

TRAIL receptors (DR4 and DR5),28 but very low levels of FasL.

The expressions of MIC A/B and DR5 were upregulated in

A549 cells after influenza virus infection. In contrast, there were

no significant changes in expressions of Fas, FasL and DR4 in

A549 cells after influenza virus infection.

To further determine whetherNKG2D, Fas–FasL andTRAIL

pathways were involved in the cytotoxicity of Vc9Vd2-T cells,

neutralizing antibodies for NKG2D, FasL and TRAIL were

used. As shown in Figure 5, blockades of NKG2D, TRAIL or

FasL significantly inhibited the cytolytic activities of Vc9Vd2-T
cells against influenza virus-infected A549 cells. These results

indicate that NKG2D, TRAIL and Fas–FasL pathways are
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Figure 5 Mechanisms underlying the cytotoxicity of Vc9Vd2-T cells. (a)
Phenotype of influenza virus-infected A549 cells. A549 cells were
infected with influenza H1N1 PR/8 virus (MOI52) and then cultured
for 5 h. The expression level of surface MICA/B, Fas, FasL and DR4,
DR5 on the virus infected-A549 cells were analyzed by flow cytometry.
Data shown here are representative of four separate experiments. (b)
PAM-expanded Vc9Vd2-T cells were cocultured with influenza PR/8
virus-infected A549 cells at a ratio of 10 : 1 for 5 h. The perforin inhibitor
CMA, granzyme B inactivator Bcl-2, anti-FasL, anti-TRAIL anti-NKG2D
blocking antibodies, or their relevant isotype control (mouse IgG1,
mIgG1), were used. The cytotoxicity was analyzed by flow cytometry
as the percentage of EthD-21 cells in the CD32 population and calcu-
lated as % inhibition relative to those without any treatment. The data
shown as the mean6s.e.m. are representative of four independent
experiments. **P,0.01 compared to their relevant isotype control.
CMA, concanamycin A; FasL, Fas–Fas ligand;MOI,multiplicity of infec-
tion; PAM, aminobisphosphonate pamidronate; TRAIL, tumor-necrosis
factor-related apoptosis-inducing ligand.
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Figure 4 Influenza virus replication in A549 cells was inhibited by
Vc9Vd2-T cells. A549 cells (Target, T) were infected (vA549) with influ-
enza H1N1 PR/8 virus at an MOI of 2 and then cultured with or phys-
ically separated from the purified PAM-expanded Vc9Vd2 T cells
(Effector, E) at E/T ratios of 20 : 1 for the indicated time. The virus titers
of supernatants were determined by TCID50 on MDCK cells. Data are
the mean6s.e.m. of TCID50 titers of four separate experiments. MOI,
multiplicity of infection; PAM, aminobisphosphonate pamidronate.
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Figure 3 Physical contact was required for cytotoxicity of Vc9Vd2-T
cells against influenza virus-infected A549s. A549 cells (Target, T) were
infected (vA549) with influenza H1N1 PR/8 virus at an MOI of 2 and
then cultured with or physically separated from the purified PAM-
expanded Vc9Vd2 T cells (Effector, E) at E/T ratios of 20 : 1 for 6 h.
The percentages (mean6s.e.m.) of dead A549 cells among target cells
(CD32 population), identified as CD32EthD21, for four different experi-
ments are shown. *P,0.05. MOI, multiplicity of infection; PAM, ami-
nobisphosphonate pamidronate.
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involved in the killing of influenza virus-infected lung alveolar

epithelial cells by Vc9Vd2-T cells.

To confirm the involvement of cytolytic granule release in the

killing of virus-infected A549 cells by Vc9Vd2-T cells, the per-

forin specific inhibitor CMA and granzyme B inactivator Bcl-2

were used. As shown in Figure 5, the cytolytic activities of

Vc9Vd2-T cells against influenza virus-infected A549 cells were

significantly abrogated after Bcl-2 treatment or CMA treatment.

These results demonstrate that the perforin–granzyme B path-

way is involved in the cytotoxicity of Vc9Vd2-T cells against

influenza virus-infected lung alveolar epithelial cells.

DISCUSSION

In this study, using influenza virus-infected lung alveolar epi-

thelial cells as the model, we have demonstrated for the first

time that PAM-expanded Vc9Vd2-T cells can efficiently kill

virus-infected lung alveolar epithelial cells and thus contribute

to virus clearance. Our study suggests a novel therapeutic

approach of using PAM to activate and expand human

Vc9Vd2-T cells against influenza virus infection.

We showed that similar to IPP,25,26 PAM is a potent stimu-

lator for the activation and expansion of human Vc9Vd2-T
cells from PBMC in the presence of IL-2. Upon PAM stimu-

lation, resting Vc9Vd2-T cells can be activated, as evidenced by

the upregulated expressions of CD68, NKG2D, FasL and

TRAIL. Importantly, during 20 days of stimulation by PAM

and IL-2, Vc9Vd2-T cells can be largely expanded by approxi-

mately 93-fold, suggesting that PAM could be used for large-

scale expansion of functional cd-T cells in vitro for adoptive

immunotherapy in influenza virus infections.

A concern for cd-T cell-based immunotherapy is whether

PAM-expanded Vc9Vd2-T cells can traffic to the lung, the

primary infection site, during an influenza infection. Indeed,

more recently, we have shown that the in vitro PAM-expanded

Vc9Vd2-T cells can migrate to the lung and control influenza

disease in immunodeficient mice.11 In addition, in a huma-

nized mouse model, we further demonstrated that PAM can

activate and expand Vc9Vd2-T cells in vivo, and then control

human and avian influenza virus infections.11 Therefore, PAM

could be an alternative option for the treatment of influenza

virus infection by targeting Vc9Vd2-T cells.

The antiviral mechanisms of Vc9Vd2-T cells against differ-

ent viruses are different. For examples, human Vc9Vd2-T cells

have cytolytic activities against CMV- and herpes simplex

virus-infected cells in an HLA-unrestricted manner in

vitro.12,13,29 In addition to killing HIV-infected cells, Vc9Vd2-
T cells can also blockHIV entry through the coreceptor CCR5 by

releasing certain CCR5-ligand chemokines.17,30 For the hepatitis

C virus, Vc9Vd2-T cells can induce non-cytolytic inhibition of

virus replication through the secretion of IFN-c.25 Previously,

we also demonstrated that IPP-expanded Vc9Vd2-T cells can

inhibit human influenza H1N1 virus replication by releasing

IFN-c.20 Here, we further found that PAM-expanded

Vc9Vd2-T cells can kill influenza virus-infected lung alveolar

epithelial cells. Thus, our results indicate that PAM-expanded

Vc9Vd2-T cells can control influenza virus infection through

both cytolytic and non-cytolytic mechanisms.

NKG2D is a potent costimulatory receptor of the cytotoxic

functions of human natural killer and Vc9Vd2-T cells.31 It can

trigger Vc9Vd2-T cells to release cytolytic granules by recog-

nition of the NKG2D ligand.32 MICA/B, as the ligand for

NKG2D, was found to be upregulated in lung alveolar epithelial

cells after influenza virus infection in the current study. In

addition, we showed that almost all the PAM-expanded

Vc9Vd2-T cells expressed NKG2D, and the cytotoxicity of

Vc9Vd2-T cells against influenza virus-infected lung alveolar

epithelial was significantly blocked by NKG2D neutralizing

antibody, indicating the killing of influenza virus-infected cells

by Vc9Vd2-T cells requires NKG2D activation and recognition.

Previously, we found that the TRAIL pathway was not involved

in the killing of influenza virus-infectedmacrophages.10 However,

here we found that the blockade of TRAIL by its neutralizing

antibody significantly decreased the cytolytic activity of

Vc9Vd2-T cells against influenza virus-infected lung alveolar epi-

thelial cells. This may be due to the different expression levels of

TRAIL receptors; we found that influenza virus-infected lung

alveolar epithelial cells expressed high levels of DR4 and DR5,

the receptors of TRAIL, whereas virus-infected macrophages only

expressed very low levels of DR4 and DR5 (data not shown).

It has been shown that the Fas/FasL-mediated pathway was also

involved in the killing of virus-infected macrophages by Vc9Vd2-
T cells.10,33 Our data showed that both influenza virus-infected

lung alveolar epithelial cells and PAM-expanded Vc9Vd2-T cells

expressed high levels of Fas or FasL, and the blockade of the Fas/

FasL pathway by FasL neutralizing antibody significantly inhibited

the cytolytic activity of Vc9Vd2-T cells against influenza virus-

infected cells. These findings indicate that the Fas/FasL-mediated

pathway is also involved in the killing of influenza virus-infected

lung alveolar epithelial cells by Vc9Vd2-T cells.

We confirmed that similarly to their cytotoxic function in

natural killer and CD81T cells, perforin and granzyme B facili-

tated the killing of influenza virus-infected lung alveolar epi-

thelial cells in Vc9Vd2-T cells. These findings are consistent

with previous studies in tumors and other virus-infected

cells.12,13,17 Importantly, this cytolytic response required direct

cell-to-cell contact.

Of note, here, we also found that PAM-expanded Vc9Vd2-T
cells can kill the lung alveolar epithelial cell line, A549. This is not

surprising, as A549 cells are immortalized human alveolar epi-

thelial cells and express high levels of MIC A/B, Fas, FasL, DR4

and DR5. Importantly, comparing this to A549 cells without

virus infection, PAM-expanded Vc9Vd2-T cells had significantly

higher cytotoxic activity against influenza virus-infected A549

cells. Indeed, the expression of MIC A/B and DR5 was also upre-

gulated in A549 cells after influenza virus infection. Whether

these upregulated molecules, or even some other undefined

molecules, contribute to their higher cytotoxic activity against

virus-infected cells will need to be determined in further studies.

In conclusion, we have demonstrated for the first time that

PAM-expanded human Vc9Vd2-T cells can recognize and kill
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influenza virus-infected lung alveolar epithelial cells and thus

contribute to virus clearance. The cytotoxic activity of PAM-

expanded Vc9Vd2-T cells is dependent on cell-to-cell contact

and requires NKG2D activation. The pathways of perforin–gran-

zyme B, TRAIL and Fas–FasL are also involved in their cytotoxi-

city. Our study provides insight into the effector functions of

Vc9Vd2-T cells against influenza A virus in the human body.

Targeting these cells by commercially available PAM could poten-

tially offer an alternative treatment for influenza virus infection.
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