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Human peripheral Vy9Vs2 T cells are acti-
vated by phosphorylated metabolites
(phosphoagonists [PAg]) of the mam-
malian mevalonate or the microbial
desoxyxylulose-phosphate pathways ac-
cumulated by infected or metabolically
distressed cells. The underlying mecha-
nisms are unknown. We show that treat-
ment of nonsusceptible target cells with
antibody 20.1 against CD277, a member
of the extended B7 superfamily related to
butyrophilin, mimics PAg-induced Vy9V52

T-cell activation and that the Vy9Vs2 T-cell
receptor is implicated in this effect.
Vy9V52 T-cell activation can be abro-
gated by exposing susceptible cells (tu-
mor and mycobacteria-infected cells, or
aminobisphosphonate-treated cells with
up-regulated PAg levels) to antibody 103.2
against CD277. CD277 knockdown and
domain-shuffling approaches confirm the
key implication of the CD277 isoform
BTN3A1 in PAg sensing by Vy9Va2 T cells.
Fluorescence recovery after photobleach-

ing (FRAP) experiments support a causal
link between intracellular PAg accumula-
tion, decreased BTN3A1 membrane mobil-
ity, and ensuing Vy9V52 T-cell activation.
This study demonstrates a novel role
played by B7-like molecules in human v
T-cell antigenic activation and paves the
way for new strategies to improve the
efficiency of immunotherapies using
Vy9V62 T cells. (Blood. 2012;120(11):
2269-2279)

Introduction

vd T cells are key players in the immune surveillance of cellular
distress, thanks to their ability to recognize conserved determinants
up-regulated after inflammation, infection, or cell transforma-
tion."? Although vd T-cell receptors (TCRs) contribute to detection
of danger-associated determinants, ligands for these receptors have
been identified in a few cases only.? Thus, the antigenic specificity
of v8 T cells and their fine activation modalities in response to cell
stress remain largely unknown.

One of the best studied yd T-cell subsets in humans expresses
V+y9V82 TCR and predominates in blood, composing several percent of
the whole peripheral lymphoid pool in most adults. Vy9Va2 T cells are
activated by nonpeptidic phosphorylated isoprenoid pathway
metabolites,*¢ hereafter referred to as phosphoagonists (PAg). Natural
Vy9V2-stimulating PAg include isopentenyl pyrophosphate (IPP),” a
metabolite of the mevalonate pathway found in mammalian cells and
the desoxyxylulose phosphate pathway shared by many microorgan-
isms, and hydroxy-methyl-butyl-pyrophosphate,? an intermediate of the
latter pathway. PAg detection by yd T cells underlies their broad
reactivity toward infected and transformed cells. Indeed, tumor cell
recognition by Vy9Va2 T cells is linked to enhanced production of the
weak agonist IPP, resulting from increased cell metabolism and choles-
terol biosynthesis. Accordingly, pharmacologic inhibitors of the meval-
onate pathway that up-regulate (eg, aminobisphosphonates, NBP) or

down-regulate (eg, statins) IPP production, respectively, increase or
decrease antitumor Vy9V32 T-cell responses.”!? Moreover, because of
the high VyOVa2 T cell-stimulating activity of the microbial agonist
hydroxy-methyl-butyl-pyrophosphate, Vy9V82 T-cell responses are
elicited by infected cells producing even traces of this PAg.3

Although PAg-induced activation is restricted to Vy9Va2
T cells and can be conferred by Vy9V32 TCR gene transfer,':1?
attempts to detect cognate interactions between PAg and Vy9Va2
TCR have failed so far.'® So how Vy9V32 T cells sense PAg
remains an enigma. PAg rapidly induce Ca?' signaling and
activation of Vy9Va2 T-cell clones, but this requires cell-to-cell
contact, suggesting the implication of additional target cell surface
receptors in this phenomenon.':'* PAg elicit Vy9Vd2 T-cell
responses against basically all human cells, irrespective of their
tissue origin, but do not induce recognition of any murine target
cells. Therefore, the putative target cell receptors involved in
PAg-mediated T-cell activation are expected to be broadly ex-
pressed by human, but not murine, cells.

Activation of antigen-stimulated T cells is tuned by interactions
involving T cell-derived CD28-related receptors and target cell-
derived B7-related counter-receptors,’> which family includes
members, such as Skint and butyrophilin (BTN) receptors. The
mandatory role played by Skint-1 in the intrathymic positive
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selection and functional maturation of the murine intraepidermal
Vy5V31 T-cell subset raises questions about the general role
played by Skint1-related receptors in the selection and activation of
vd T cells in mice and other species.!®!® Although there are
10 intact skint!/ paralogs in the mouse, the only human skint/
ortholog is a pseudogene. The human proteins with the greatest
similarity to the extracellular domain of murine Skint-1 are the
BTNs. BTN are type I membrane proteins with 2 extracellular Ig
domains frequently linked to an intracellular B30.2 (PRY/SPRY)
domain, and encompass 3 gene subfamilies in humans: btnl, bn2,
and btn3. Some BTN receptors exert nonimmunologic functions
(eg, milk fat globule formation for BTN1A1). Others, in line with
their homology with several B7-related coinhibitory receptors, can
up- or down-modulate TCR-induced T-cell activation and contrib-
ute to dampening of inflammatory responses.!”-?>2! This can result
from either direct engagement of BTN receptors expressed on
responding T cells by target cell ligands, or interactions involving
target cell BTN molecules and responding T cell-derived ligands.?>?

In this study, we provide evidence that ubiquitous human
CD277/BTN3A plays a key role in PAg-induced activation of
Vy9V32 T cells in both tumor and infectious contexts and that
CD277-dependent activation is conferred by Vy9Va2 TCR. Our
results suggest that intracellular PAg accumulation is associated
with membrane reorganization of CD277 molecules, which in turn
leads to Vy9Va32 T-cell activation, and bring new insights into the
mechanisms linking metabolic and infectious distress and human
vd T-cell activation. We also describe agonist and blocking
CD277-specific antibodies that could be used for the immunothera-
peutic modulation of Vy9Vd2 T-cell responses toward tumor or
infected cells.

Methods

Monoclonal antibodies and reagents

The following monoclonal antibodies were from Beckman Coulter:
phycoerythrin—cyanin 5.1-anti-TCRyd (#IMMUS510) and anti-CD69
(#TP1.55.3), FITC-anti-V32 (#IMMU389), phycoerythrin—-cyanin 7—
and purified anti-CD3e (#UCHT1). The following monoclonal antibodies
were from BD Biosciences: mouse 1gG1, allophycocyanin-TCRyS (#B1),
allophycocyanin-H7 (analog of cyanin 7)-anti-CD3 (#SK7), FITC- or
phycoerythrin—cyanin 5.1-CD107a (#H4A3), anti-CD107b (#H4B4). Fluo-
rescein isothiocyanate— or phycoerythrin—anti—-IFN-y (#B27) and
phycoerythrin- or allophycocyanin—anti-TNF-a (MAb11) were used for
intracellular stainings. Purified anti-CD3 (#OKT3) was kindly provided
by H. Vié (Inserm U892, Nantes, France). Alexa-647-labeled goat anti—
mouse IgG and anti-IgG1 were from Invitrogen. Mouse anti-CD277 mAbs
(clones 7.2, 20.1, and 103.2) were generated, produced, and purified as
described.?® Synthetic bromohydrin pyrophosphate (BrHPP) was kindly
provided by Innate Pharma. Pamidronate was obtained from Mayne
Pharma. Monensin A, phorbol-12-myristate-13-acetate (PMA), ionomycin,
leucoagglutinin, mevastatin, and sec-butylamine were purchased from
Sigma-Aldrich. Guinea pig myelin basic protein was kindly provided by
R. Déorries (Institut fiir Medizinische Mikrobiologie und Hygiene,
Mannheim, Germany). Live/Dead, Lipofectamine, and hygromycin were
from Invitrogen. Recombinant human IL-2 (rhIL-2) was from Chiron
Therapeutics. Green fluorescent protein strain of Mycobacterium bovis
bacillus Calmette-Guérin (GFP-BCG) was provided by F. Altare (Inserm
U892, Nantes, France).

Cells

PBMCs of human healthy donors were isolated from blood samples
obtained from the Etablissement Francais du Sang. Human Vy9Va2 (clone
GR4, polyclonal lines GUI and AL), Vy8V33 (clone 73R9), iNKT
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(polyclonal line MADI11), and e CD8" (HCV-1/A2-restricted clone 13)
T cells were cultured in complete RPMI 1640 medium (10% FCS, 2mM
L-glutamine, 10 pg/mL streptomycin, 100 IU/mL penicillin, and 300 IU/mL
rhIL-2) as described.> Human polyclonal aff T cells expressing the
Vy9V382 G115 TCR after retroviral transduction were generated as
described.?’” Human Jurkat T cells (J.RT3-T3.5, B-chain-deficient variant)
expressing either Vy9Va2 (from clone G115) or Vy8V33 (from clone
73R9) TCR were generated as described.?® 58C-CD28* are ap TCR™ 58C
mouse T hybridoma cells transduced for rat/mouse CD28 expression.>*3°
53/4-CD28 cells are 53/4 cells (a sister clone of the rat/mouse T-cell
hybridoma 35/2), which express a rat a3 TCR recognizing a guinea pig
MBPgs g3 peptide restricted to RT1B! (rat MHC class IT) and are also
transduced for rat/mouse CD28 expression.? The 2Ayd TCR MOP is a 2A
peptide-linked Vy9V32 TCR cloned into either pczCFGSIEGN- or
pczCFGS5IH MuLV-based retroviral expression vectors®! and transduced
into either 58C-CD28* or in 53/4-CD28* T-cell hybridomas. RajiRT1B! are
Raji cells transduced with RT1B.*° The following human cell lines were
kept in complete RPMI 1640 or DMEM: Epstein-Barr virus™ and 721.221
B-lymphoblastoid cell lines; C91 T2.2 (T-cell leukemia); Daudi and Raji
(Burkitt lymphoma); RPMI 8226 (myeloma); THP-1 (acute monocytic
leukemia); HeLa (cervix adenocarcinoma); SVKI14 (simian virus-40-
transformed keratinocytes); HEK293FT (embryonic kidney); Med (breast
cancer); MG63, HOS, and U20S (osteosarcoma), provided by D. Heymann
(Inserm U957, Nantes, France); PC3 (prostate cancer); HMEC-1 (endothe-
lial cells), provided by F. Paris (Inserm U892, Nantes, France); M88 and
M6 (melanoma) provided by N. Labarriere (Inserm U892, Nantes, France);
and meso 45, meso 152 and meso 134 (mesothelioma), provided by M.
Grégoire (Inserm U892, Nantes, France).

Functional assays

Target cells were pretreated for the indicated time periods with either
CD277-specific mAbs or NBP (pamidronate) at the indicated concentra-
tions. Treated target cells were extensively washed and cocultured together
with effector T cells at 37°C in complete RPMI 1640 medium. T cells were
also activated by either soluble PAg (BrHPP), at the indicated concentra-
tions, or PMA and ionomycin (used, respectively, at 1 wM and 0.5 pwg/mL).
T cells were activated at 37°C in the presence of 10nM monensin and
fluorochrome-labeled CD107a- and CD107b-specific mAbs, used alone or
in combination. After 4 hours, T cells were harvested and stained with
fluorochrome-labeled TCR-specific mAbs and a viability marker (Live/
Dead cell marker, 0.3uM). When indicated, intracellular stainings of IFN-y
and TNF-a were performed within the same samples. Surface expression of
CD69 was measured by flow cytometry after activation for either 4 hours
(Jurkat) or 7 hours (PBMCs) at 37°C in complete RPMI 1640 medium. Data
were collected on FACSCantoll, LSR or FacsCalibur cytometers (BD
Biosciences) and analyzed with FlowJo software Version 7 (TreeStar).
TNF-a concentration was assessed by a biologic assay based on WEHI164
clone 13 cell viability as described.’? ELISpot for IFN-y was performed as
described.?” When indicated, the cytolytic activity of human v T cells was
also measured in standard 4-hour >'Cr release assays. Stimulation of 2Ayd
TCR MOP* 58C-CD28 or 2Ayd TCR MOP* 53/4-CD28 murine hybrid-
oma cells was performed similarly as previously described.-3!

Expression and knockdown of BTN3 isoforms in HEK293FT
cells

See supplemental Methods (available on the Blood Web site; see the
Supplemental Materials link at the top of the online article).

Microscopy

See supplemental Methods.

Statistical analysis

The statistical significance of differences between populations was assessed
with 2-tailed Student 7, 2-way ANOVA, or Mann-Whitney tests. P values
less than .05 were considered significant.
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Figure 1. Broad activation of human Vy9V52 T cells A
by anti-CD277 mAbs. (A) Frequency of human vy3 T cells

in IL-2—supplemented ex vivo PBMCs after a 2 week- No stim.
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a-CD277 CD107a/b T cells

incubation in the presence of anti-CD277 mAb (#20.1;
10 pg/mL). The values for the percentage of v8 T cells 0.5%

within PBLs are indicated. No stim. indicates no stimula-
tion. (B) Intracellular stainings of IFN-y and TNF-« in
ex vivo human PBL-y3 T cells after incubation for 5 hours

Cells

VyoVis2

with anti-CD277 mAb (#20.1; 10 wg/mL). Numbers inside -
or adjacent to outlined areas indicate the values for the
percentage of IFN-y* (top row) or TNF-a* (bottom row) B
cells within y3~ and y3* PBL subsets. (C) Expression of

No stim.

I

CD69 on ex vivo human PBL subsets after incubation for
7 hours with either anti-CD277 mAb (#20.1; 10 ng/mL) or
soluble PAg (BrHPP; 3uM). MFI indicates geometric
mean of fluorescence intensity. Data in graph are
mean * SD (n = 3 healthy donors). *P < .05 (Student
t test). **P < .005 (Student t test). (D) Stainings of

IFN-y

/\ j\ CD8* af

CD107a/b (left), IFN-y (middle), and TNF-a (right) of
Vy9V32 (clone GR4), Vy8V33 (clone 73R9), CD8" of
(clone 13), and invariant NK (iNKT, line MAD11) human
T cells after treatment with anti-CD277 mAb (#20.1;
10 pg/mL, 5 hours). PMA/lono. indicates nonspecific
activation induced by PMA and ionomycin. (A-B,D) Data

TNF-a

-=No stim. [JPMAflonomycin [Ju-CD277

are representative of at least 3 experiments. (E) Intracel-
lular Ca2* levels were measured by videomicroscopy C
within clusters of Fura-2 AM-loaded polyclonal human
Vy9V32 (yd) T-cell lines after addition (t = O minutes) of

1.4

CD8" af (aB) or isolated v T cells. IgG1 indicates
isotype control. Values correspond to the mean of emis-
sions (340/380 nm ratio) measured among all T cells
present in the field. y3, n = 70; o3, n = 30; isolated 3,

n = 30; and IgG1, n = 30. TCR
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Results

Broad activation of human Vy9Va2 T cells by anti-CD277
antibodies

While screening mouse mAbs raised against isoforms of the human
BTN3 (CD277) subfamily,?® we noticed that 1 mAb (clone 20.1)
elicited dramatic expansion and proliferation of yd T cells in
IL-2—supplemented PBMC cultures (Figure 1A; supplemental
Figure 1A). Accordingly, soluble 20.1 mAb induced: ex vivo
production of IFN-y and TNF-a by 3 T cells (Figure 1B), rapid
CD69 up-regulation and IFN-y production by most V82*-yd PBL
ex vivo (Figure 1C; supplemental Figure 1B), and degranulation
and cytokine responses of Vy9Vd2 T-cell clones specifically
(Figure 1D; data not shown). In agreement with recent studies,?>%
soluble 20.1 mAb had no stimulatory effect on aff T cells.
Moreover, it had no effect on V82~ -yd PBL (Figure 1C) or T-cell
clones (Figure 1D). Early activation events induced in VyoVa2
T cells by 20.1 mAb were studied by videomicroscopy. Although
20.1 mADb had no effect on the intracellular Ca’* levels of o3
T cells, it induced a progressive increase of Ca?' signaling in
Vy9V382 T-cell clones, which became significant as of 10 minutes
after mAb addition (Figure 1E). This unusual Ca?" signaling
pattern, in stark contrast with the sharp increase of Ca?* signals
induced after yd or af3 TCR crosslinking by anti-CD3 mAb, or
after antigenic stimulation of a3 T cells, is similar to the delayed
and progressive increase of Ca>* signals previously described for
Vy9V32 T cells stimulated by PAg.33

4,000 6000 8000 o 5 10 15 20 25 30
Time (min)

Agonist anti-CD277 antibodies sensitize CD277+ target cells to
Vy9V52 T-cell recognition

When immobilized onto plastic, anti-CD277 mAbs can induce
costimulatory signals in TCR-stimulated a3 T cells, through direct
engagement of CD277 molecules.?? They can also modulate
T-cell costimulatory or coinhibitory signals through interactions
with target cell-expressed CD277.243* Thus, although anti-CD277
mAD readily induced Vy9Vd2 T-cell activation in the absence of
third-party cells, this could be the result of either a “direct” or “cis”
effect of the Ab (CD277-induced signaling in responder Vy9Va2
T cells) or an “indirect” or “trans” effect (enhanced reactivity of
Vy9V32 T cells toward anti-CD277—coated T cells). Two observa-
tions argue against a direct effect of the 20.1 mAb: mAb
immobilized on FcCRI™ murine P815 cells fails to activate Vy9Vs2
T cells (supplemental Figure 2) and mAb-treated Vy9V32 T cells
maintained in the absence of cell-to-cell contacts do not become
activated (Figure 1E). Evidence for an indirect effect was obtained
by comparing the effect of 20.1 mAb pretreatment of either effector
or target cells in cytotoxicity assays. Pretreatment of the Vy9Vo2-
resistant Raji lymphoma target cells with the 20.1 mAb (and other
anti-CD277 mAbs, such as the clone 7.2) enhanced tumor cell
killing by Vy9V82 T cells, whereas pretreatment of effector
Vy9V32 T-cell lines had no such effect (Figure 2A; supplemental
Figure 3A). Importantly, the lack of effect of effector cell pretreat-
ment with 20.1 mAb on target lysis remained compatible with the
ability of this mAb to readily activate effector cells alone (Figure 1).
Indeed, because target, but not effector, cells were >'Cr-labeled, this
did not allow assessment of effector cell fratricide, degranulation,
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A C Figure 2. Anti-CD277 mAb induces strong Vy9V52
. O nomab H Control T c_e!l cytolytic and cytokine responses. (A) Cytolytic
60 1 @ o-CD277 (targets) Oo-cp277 activity of human Vy9V32 T cells (clone GR4) against
- A 0-CD277 (effectors) mees 1 Raji Burkitt lymphoma cells. Raji (targets) or Vy9Va2
&2 | ) T (effectors) cells were treated for 2 hours with anti-
£ 401 Hos i ] CD277 mAb (#20.1; 10 wg/mL), washed, and cocultured
2 Hela ] at the indicated yd T cell-to-target (E:T) ratios. Data are
Efé’ PC3 .h ] mean = SD of triplicate measurements. **P < .005.
g_,_ 204 721.221 , ***P < .0005. (B) Stainings of CD107a/b (top row; sur-
n HEK283 ‘h . face) and IFN-y (bottom row; intracellular) of Vy9V32
i T cells (clone GR4) after coculture with Raji cells,
o 3011 1o M : pretreated for 2 hours with either anti-CD277 mAb (#20.1;
HMEC-1 o
E/T ratio ] 10 pg/mL) or NBP (pamidronate; 250nM). Numbers
B mesoil52 ] adjacent to outlined areas indicate percent and geomet-
No stim «-CD277 Pamidronate meso 134 ] ric mean of fluorescence intensity (numbers in brackets)
M6 ] of CD107a/b™ and TNF-a* T cells. (C) Expression of
a 29 75% 92% Raji ) CD107a/b on Vy9V32 T cells (clone GR4) after coculture
E | (503) (1,852) (2,396) U208 _ q with human tumor/transformed cell lines (n = 18), pre-
g S treated for 2 hours with anti-CD277 mAb (#20.1; 10 g/
) : ) mL). The values for the percentage of CD107a/b™ Vy9V32
SVK14 _ y ; .
T cells are represented in the graph. Control indicates no
: wes } ] antibody. Data are representative of at least 3 indepen-
2% 62% 89% Dauei — dent experiments.
i (657) (2:452) (7:653) —
= .‘.,jﬁ_-{ meso 45
= @— i 0 25 50 75 100
CD107a/b (% positive)

or cytokines responses, which are presumably induced on effector
cell preincubation. Raji target cell preincubation with 20.1 mAb
also induced Vy9Vd2 T-cell degranulation and TNF-a cytokine
response to levels reached after target cell pretreatment with NBP
(Figure 2B). In line with the lack of effect of 20.1 mAb on a3 T-cell
proliferation or cytokine responses, this mAb did not enhance the
cytolytic response of human CD8" «af3 cytotoxic T-cell clones
toward Ag-loaded target cells pretreated with anti-CD277 mAb
(data not shown). Taken together, these results indicate that
anti-CD277 mAbs act indirectly (ie, through sensitization of
human CD277* target cells to Vy9V32 T-cell recognition). Impor-
tantly, enhancement of Vy9Va2 T-cell responses by 20.1 mAb also
occurs for a wide array of CD277* human cell lines, irrespective of
their tissue origin and basal susceptibility to Vy9Vd2 T-cell
recognition (Figure 2C; supplemental Figure 3B). This effect was
not the result of mAb-redirected killing or mAb-dependent cell
cytotoxicity, as it did not depend on CD16, CD32, or CD64
Fc-receptors expression on target or effector cells (supplemental
Figure 3C).

Implication of the Vy9V32 TCR in anti-CD277 mAb-induced
activation

The broad stimulatory effects of anti-CD277 mAbs are limited to
Vy9V32 T cells, which suggests involvement of the Vy9Va2 TCR.
20.1 mAb-treatment induced co-recruitment of target cell-derived
CD277 and effector cell-derived CD3 molecules at the target/yd
T cell interface, as shown by a confocal microscopy study
(Figure 3A). To assess the Vy9V32 TCR dependency of this
activation more directly, we studied the responses of human and
mouse T-cell lines transduced with human y8& TCRs. Unlike their
nontransduced or Vy8V33* counterparts,”® Vy9V32* human Jur-
kat T lymphoma cells were readily activated by 20.1 mAb
(Figure 3B). Similarly, Vy9V32 TCR gene transfer into nontrans-
formed human CD4* o3 T cells?’ conferred T-cell responsiveness
to 20.1 mAb- and NBP-pretreated human target cells (Figure 3C).
We also tested the reactivity of murine T-cell hybridomas trans-
duced with a human Vy9V32 TCR derived from a PAg-reactive yd
T-cell clone. Human Raji cells treated with 20.1 mAb, but not cells
treated with control IgG, triggered IL-2 responses of both Vy9V3a2
TCR murine transductants (Figure 3D-E). Control o3 TCR-

expressing cells did not respond to Raji cells, whether mAb treated
or not (not shown). We conclude that Vy9V82 TCR expression is
necessary for recognition of anti-CD277 mAb-treated target cells.
Moreover, recognition of 20.1 mAb-treated cells by murine Vy9V32
transductants, which are CD277~, formally rules out a direct effect
of 20.1 mAb on Vy9V382 T-cell activation.

Although PAg-reactive Vy9V32 T cells express TCR with
extensive junctional diversity, they share several highly conserved
junctional motifs, such as small hydrophobic residues at position
897,35 which are key for PAg responsiveness.?® Mutation of these
residues affected responses of Jurkat Vy9Vd2 TCR transfectants to
both NBP- and anti-CD277-treated cells, which suggests close
similarities between both activation processes (supplemental
Figure 4A; data not shown). This observation led us to assess by
mass spectrometric analysis the levels of 2 major Vy9Va2-
stimulating PAg (IPP and its adenosine triphosphate isopentenol
[Apppl] derivative)?” in cells treated with NBP or 20.1 mAb. High
levels of both IPP and Apppl were detected in Raji and
B-lymphoblastoid cell lines target cells treated with NBP, but not in
cells treated with 20.1 mAb, although both treatments led to strong
Vy9V32 T-cell activation (supplemental Figure 4B-D). Therefore,
although anti-CD277 mAbs and PAg stimulate Vy9V32 T cells,
up-regulation of production and/or accumulation of PAg in target
cells by anti-CD277 mAb seems unlikely. This assumption is also
supported by the lack of any inhibitory effect of statins, which
block endogenous PAg production, on Vy9V$2 T-cell recognition
of anti-CD277—-treated target cells (not shown).

Abrogation of Vy9V32 T-cell responses by blocking anti-CD277
mAbs and CD277 expression knockdown

Further insight into the mechanisms underlying CD277-dependent
activation of vy8 T cells was gained from analysis of additional
anti-CD277 mAbs. Among the various clones that were tested,
1 clone (103.2) efficiently stained CD277" cells, such as Raji cells
(Figure 4A), but did not sensitize them to Vy9Vd2 T-cell recogni-
tion (Figure 4B middle right panels). Indeed, this mAb strongly
inhibited Vy9V32 T-cell degranulation (Figure 4C), cytokine
(Figure 4D left panel) and Ca’>* responses (data not shown)
induced by NBP- and PAg-treated cells. Importantly, 103.2 mAb
did not modulate anti-CD3—induced activation of Vy9V32 T cells
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Figure 3. Vy9V52 TCR implication in anti-CD277
mAb-induced activation. (A) Confocal microscopy. CD3e A
(red) and CD277 (green) distribution in conjugates of

Vy9V82 T cells (line AL) and HEK293 cells expressing

EmGFP tagged-CD277 molecules. HEK293 cells were

pretreated for 2 hours with anti-CD277 mAb (20.1;

10 pg/mL) and washed before coculture with Vy9Vva2

T cells. Composite pictures showing overlays of both

colors and bright-field pictures. Confocal images of repre-

sentative yd T-cell-HEK293 conjugates are shown. Bars

represent 10 pm. (—) indicates untreated cells. One
experiment representative of 3 is shown. (B) Surface
expression of CD69 on human Jurkat T-cell y8 TCR
transductants (human Vy8V33 or Vy9V32 TCRs) after

incubation for 4 hours with either anti-CD3 (OKT3;

10 pg/mL) or anti-CD277 (20.1; 10 wg/mL) mAbs. WT B
indicates wild-type Jurkat cells with no TCR expression. 300 -
The values for the MFI of stained cells are represented in
the graph. **P < .005 (Student t test). ***P < .0005
(Student ttest). Data are representative of 3 independent
experiments. (C) IFN-y response in PBL-derived human
aB T cells expressing a human Vy9V32 TCR after
incubation with NBP (pamidronate)- or anti-CD277 (20.1;
10 pg/mL) mAb-treated Daudi cells. Production of IFN-y
was determined via ELlspot analysis. Data are
mean *= SEM. **P < .005 (2-way ANOVA). ***P < .0005
(2-way ANOVA). Comparable results were obtained in 0

CJo
B --cD3
B «-cpD277

CD69 (MFI)
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3independent experiments. (D-E) IL-2 release by murine
T-cell hybridomas, transduced for the expression of a
human Vy9V382 TCR, after coculture with human Raji
cells in the presence of anti-CD277 mAb (20.1). (D) IL-2
release by mouse ydTCR58C-CD28" hydridoma cells. D
19G indicates isotype control. Data are representative of
4 independent experiments. *P < .05 (paired Student
t test and Mann-Whitney test). (E) IL-2 release by
v3TCR53/4-CD28" (a3 TCR™ variant) rat/mouse T-cell
hybridoma in the presence of Raji cells pretreated with
grading doses of anti-CD277 mAb (20.1). Data are
mean = SEM and are representative of 3 independent
experiments. *P < .05 (paired Student ttest). **P < .005
(paired Student t test). IL-2 production in both panels is
presented relative to those of cells cocultured with Raji
cells in the absence of antibody with (100%) or without
3mM sec-butylamine (0%).
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(Figure 4D inset). Moreover, unlike a recently described inhibitory
anti-CD277 mAb,?* 103.2 mAb did not affect antigenic activation
of CD8" a3 T-cell clones (supplemental Figure SA). Preincubation
studies indicated that, like their stimulating counterparts, blocking
CD277-specific mAb acted on target rather than on effector cells
(supplemental Figure 5B). The indirect and specific effect of 103.2 mAb
on Vy9V32 T-cell responses was more formally documented using
CD277~ mouse T-cell hybridomas coexpressing both Vy9V32 and
MBP-specific af3 TCRs. The 103.2 mAb inhibited responses of this
transductant to human target cells with PAg accumulation, but not
to cells treated with the MBP peptide (Figure 4E). Screening of
Vy9V32 T-cell reactivity against a large array of human tumor cells
previously identified several tumor cell lines readily recognized by
Vy9V32 T cells (like Daudi or RPMI 8226 tumor cells). Recogni-
tion of these Vy9Vad2-susceptible cell lines was strongly inhibited
by the blocking mAb 103.2 mAb (supplemental Figure 6). VyoVa2
T cells have been reported to be activated by mycobacteria-infected
dendritic cells or macrophagic cell lines in vitro.?® In this regard,
103.2 mAb abrogated Vy9Va2 T-cell responses induced by THP-1
cells infected by Mycobacterium bovis BCG (Figure 4F).

The CD277 requirement for Vy9V82 T-cell activation was
directly addressed by a knockdown approach. The CD277 subfam-
ily is composed of 3 isoforms (BTN3A1, -A2, and -A3) with highly
(> 95%) homologous extracellular domains but less conserved
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intracellular sequences. Two short hairpin RNAs (shRNA) mediat-
ing knockdown of all 3 CD277 isoforms (Figure SA left panel) in
HEK?293 cells significantly reduced Vy9V82 T-cell cytolytic and
cytokine responses to target cells treated with agonist 20.1 mAb,
NBP, or soluble PAg (Figure 5A-B; data not shown). The sShRNA
most effective for CD277 knockdown (sh#284) provoked the
greatest reduction in y8 T-cell responses. In contrast, CD277
knockdown had no effect on antigenic activation of a3 T cells (not
shown).

Taken together, these results indicate a unique mandatory role
played by CD277 in tumor or infectious contexts associated with
spontaneous Vy9Vd2 T-cell activation and in Vy9Vd2 T-cell
responses elicited by PAg.

Key contribution of BTN3A1 to PAg-induced activation of
Vy9Va2 T cells

Because CD277-specific mAbs cross-react with all 3 isoforms of
CD277,% they did not allow their role played in Vy9V32 T-cell
activation to be assessed. To address this, we generated cells
expressing only one of each of the isoforms, by transfecting
CD277-knockdown (sh#284) HEK293 cells with mutated cDNAs
designed to confer resistance to knockdown without changing the
protein sequence coded (Figure 6A). Selective re-expression of
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Figure 4. Abrogation of Vy9V52 T-cell responses by a
blocking anti-CD277 mAb. (A) Surface stainings of Raji
cells with either 20.1 and 103.2 anti-CD277 mAbs. Filled

histogram represents IgG isotype control. (B) Stainings
90% of CD107a/b (top), IFN-y (middle), and TNF-« (bottom) of
Vy9V32 T cells (clone GR4) after coculture with Raji cells
pretreated for 2 hours with either 20.1 or 103.2 anti-
CD277 mAbs (10 pg/mL). Numbers adjacent to outlined

areas indicate the percentage of CD107a/b™", IFN-y*,
93% and TNF-a* vy8 T cells. Positive control indicates PAg
(BrHPP, 3uM); and (—), no activation. (C) Staining of
CD107a/b on Vy9V32 T cells (line GUI) after coculture
with 721.221 B cells, pretreated, or not, for 2 hours with

NBP (pamidronate; 250.M). Cocultures were performed
in the presence of either control IgG or 103.2 anti-CD277
Abs (10 wg/mL). Numbers adjacent to outlined areas
indicate the percentage of CD107a/b* & T cells.
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(D) TNF-a production by Vy9Vd2 T cells (clone GR4)
after activation induced by grading doses of soluble PAg
(BrHPP) or anti-CD3 mAb (UCHT1, inset) in the pres-
ence of control IgG or anti-CD277 (103.2) Abs (10 pg/
mL). (E) Top: Effects of grading doses of 103.2 anti-
CD277 mAb on IL-2 release by y3TCR53/4-CD28"
hybridoma cells coexpressing both an MBP-specific a3
TCR (RT1BYMHC Il) and a human Vy9V§2 TCR. Human
Raji cells transduced for RT1B' expression were cocul-
tured with hybridoma T cells in the presence of Guinea
pig myelin basic protein peptide (0.1 png/mL) or sec-
butylamine (1mM). Bottom: Activation induced by soluble
PAg (BrHPP, 3uM). IgG indicates isotype control. IL-2
production (ELISA) is presented relative to those of cells
activated in the absence of antibody. *P < .05 (paired

0 0 1 Ab (rlg!ml)w 100 Student t test). **P < .005 (paired Student t test).
SRR ()‘(grl-lF(‘Ll:E (;,;M]1 L -O-1gG (F) Expression of CD107a on Vy9V32 T cells (polyclonal
@ x-CD277 IPM; line AL) after coculture with Mycobacterium bovis BCG-
F %, 100 (#103.2) infected THP-1 cells, in the presence or in the absence of
E 75 TFHige 103.2 anti-CD277 mAb (10 pg/mL). The values for the
50+ e 5 + 4 a-CD277 |“E‘PW“P percentage of CD107a* 3 T cells are indicated on the
B -CD277 -2 2 o BHED (#103.2) y-axis. MOl indicates multiplicity of infection; and (—), no
— 40 (#103.2) ql_' 25 antibody. Data are mean = SD (n =3 experiments).
é = a *P < .05 (Student ttest). ***P < .0005 (Student ttest).
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each isoform restored Vy9Va2 T-cell responses induced by the
agonist 20.1 mAb (Figure 6B). In contrast, only re-expression of
BTN3AL, and to a much lesser extent BTN3A3, restored the ability
to activate Vy9Vd2 T cells to NBP-treated knockdown cells.
Similarly, soluble PAg-induced y8 T-cell responses were restored
after BTN3AI, but not BTN3A2 or BTN3A3, re-expression in
CD277-knockdown cells (Figure 6C).

BTN3A2 is devoid of an intracellular B30.2 domain,?! which
could be involved in translating intracellular PAg accumulation
into a Vy9Va2 activation signal. In agreement with this hypothesis,
truncated BTN3A 1 molecules lacking a B30.2 intracellular domain
failed to restore NBP-induced y& T-cell responses, although they
were still able to activate Vy9V32 T cells after incubation with
agonist 20.1 mAb. Furthermore, we detected strong Vy9Va2 T-cell
responses against NBP-treated target cells expressing chimeric
CD277 molecules (extracellular domain of BTN3A3 fused to the
intracellular B30.2 domain of BTN3A1; Figure 6D). This indicates
that expression of the B30.2 intracellular domain of BTN3Al is
required for sensing both endogenous and exogenous PAg by
human Vy9V32 T cells. Weakness of PAg-induced yd T-cell
responses toward transductants expressing BTN3A3, which carries
a B30.2 domain highly homologous to that of BTN3Al, may

possibly be linked to the presence of a 70-amino acid tail following
the B30.2 domain, which could interfere with proper B30.2-
dependent CD277 recruitment.

V+y9V52 T-cell activation correlates with decreased membrane
mobility of BTN3A1 induced by anti-CD277 mAb and NBP

All BTN3A isoforms restored Vy9V32 T-cell responses induced by
agonist anti-CD277 mAb, whereas only those carrying the B30.2
domain of BTN3A1 could restore responses toward NBP- or
PAg-treated cells. This suggests that NBP and PAg could act
upstream of Vy9V82 T-cell activation by inducing B30.2-
dependent changes in the conformation or membrane topology of
CD277. These changes might be mimicked by agonist anti-CD277
mAbs. To test this, we generated transfectants expressing BTN3A1
or BTN3A2 fused to either EmGFP or mCherry at their carboxyter-
mini, and studied membrane mobility of the tagged chimeras by
fluorescence recovery after photobleaching (FRAP) analysis. Func-
tionality of chimeras was first tested and EmGFP or mCherry
BTN3A1 and BTN3A2 chimeras restored Vy9Vd2 T-cell re-
sponses to transductants pretreated with agonist 20.1 mAb (supple-
mental Figure 7). In line with results obtained with wild-type
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Figure 5. Abrogation of Vy9V32 T-cell responses by A
CD277 expression knockdown. (A) Left: Surface ex-

KEY ROLE OF CD277 IN Vy9V32 T-CELLACTIVATION 2275

pression of CD277 molecules on human HEK293FT HEK293 Vy9Vs2 T cell activation
clones after transduction with lentivirus delivering irrel- — —1
evant (shControl) 9rCD277—speC|f|c(sh#24O and sh#284) 70 7% 76 9% 83 9%
shRNAs. Open histograms represent control IgG. The 3 £
value for the intensity of specific CD277 staining (mAb  ShControl — 3 a.ns) | (7:229) @359))
103.2) is indicated. Right: CD107a/b expression on
human Vy9Vd2 T cells (line GUI) after coculture with
shRNA-transduced HEK293FT clones, pretreated for
2 hours with either anti-CD277 mAb (20.1; 10 p.g/mL) or 6 S a
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expression and IFN-y production by Vy9V32 T cells (line Q
GUI) after incubation with shRNA-transduced HEK293FT
clones pretreated for 2 hours with either anti-CD277 mAb 0 —
(left, 20.1; 10 pg/mL) or NBP (right, pamidronate, 100.M).
Data are percentage of CD107a* (black circles) or <1% <1% 1%
IFN-y* (white circles) T cells versus the value for the sh#284 = {1,209) (1.302) 4 (488)
intensity (MFI) of specific CD277 staining (mAb 103.2).
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BTN3A2 molecules, fluorescent BTN3A2 chimeras failed to
restore Vy9V32 T-cell responses to NBP-treated cells. mCherry-
BTN3AIl chimeras triggered more efficient VyoVa2 T-cell re-
sponses after NBP treatment compared with EmGFP-BTN3Al
chimeras. Because EmGFP, unlike mCherry, was fused directly to
the carboxy-terminus end of the B30.2 domain without any spacer
sequence, the weak functionality of EmGFP-BTN3A1 may be the
result of interference with proper B30.2-dependent recruitment of
BTN3AI by PAg.

We next investigated by FRAP analysis whether VyoVa2 T-cell
responses correlated with alterations of CD277 membrane mobil-
ity. Approximately 80%-90% fluorescence prebleach levels were
recovered within 80 seconds (Tp) after photobleaching of untreated
transfectants expressing either BTN3A1 or BTN3A2 fused to
EmGFP or mCherry. The 103.2 mAb induced a dramatic aggrega-
tion of membrane CD277 molecules within a few minutes after
treatment and subsequent CD277 down-modulation (C.H.,
S. Nedellec, E.S., M.B., unpublished data, January 2012). This was
not the case for the agonist 20. mAb. A 20- to 30-minute treatment
with this mAb strongly decreased FRAP of BTN3A1 and BTN3A2
chimeras (average recovery reduced to 30%-40% of prebleach
levels), indicating decreased membrane mobility (Figure 7A-B).
Importantly, NBP treatment decreased mobility of mCherry-
BTN3AT1 chimeras but had no effect on mCherry-BTN3A2 chime-
ras (Figure 7C). Furthermore, treatment with mevalonate pathway
inhibitors, such as mevastatin, that act upstream of PAg production
did not change the mobility of mCherry-BTN3A1 chimeras and

actually inhibited the effects of NBPs on this phenomenon. This
suggests that NBP-induced changes of BTN3Al mobility are
primarily the result of PAg accumulation, rather than downstream
effects linked to the overall blockade of the mevalonate pathway.
Therefore, Vy9V32 T-cell activation tightly correlates with de-
creased CD277 membrane mobility provoked in a B30.2-
dependent way by intracellular PAg accumulation.

Discussion

Sensing of microbial and mammalian PAg is an elegant strategy for
immune detection of infectious and metabolic distress exploited by
a major vyd T-cell subset shared by primates but absent in other
species.>*> Although expression of Vy9V32 TCR has been known
for years to be a prerequisite for PAg-induced activation,'?3° how
such small nonpeptidic metabolites promote yd TCR engagement
has remained a mystery. Our results identifying a key role for
CD277, a recently identified member of the extended B7 receptor
family, yield new insights into this mechanism. The key implica-
tion of the ubiquitous CD277 molecule in yd T-cell activation is
consistent with the lack of tissue restriction of NBP- and PAg-
induced 3 T-cell responses.!! Moreover, the lack of functional
CD277 orthologs in rodents goes hand in hand with the absence of
PAg-responding y8 T-cell subsets in these species,? and the lack of
Vy9V32 T-cell reactivity toward NBP- or PAg-treated murine cell
lines.>!!
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Figure 6. Key role played by BTN3A1 in PAg-induced activa-
tion of Vy9Vd2 T cells. (A) Surface expression of CD277
molecules on shRNA 284 transduced-HEK293FT cells, knocked
down for the expression of endogenous CD277 molecules and
selectively re-expressing, after transfection, silently mutated

97 % 70% 86%

cD277

CD277 isoforms (BTN3A1™, BTN3A2™, or BTN3A3™). shControl
indicates clone 3, random shRNA sequence; sh#284, shRNA-
specific for CD277, clone 30; and empty vector, transfection of an
empty plasmid. The values for the percentage of CD277* cells

are indicated. Data are representative of more than 3 independent
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How do the effects of anti-CD277 mAb on Vy9V32 T-cell
activation fit in with the recently reported modulation of a3 T-cell
responses by several CD277-specific mAbs? In agreement with
previous studies,?*?* soluble 20.1 mAb had neither stimulatory nor
costimulatory activity on af3 T cells. Costimulatory activity of
mAb 20.1 on TCR-stimulated a3 T cells has been reported with
plate-bound mAb only and is the consequence of direct engage-
ment of CD277 expressed by responder T cells.”> In marked
contrast, soluble, but not immobilized, mAb 20.1 induced full
activation of Vy9V32 T cells in the absence of any other stimuli
(eg, anti-CD3 mAb) and acted primarily, if not exclusively, in an
indirect manner (ie, through sensitization of CD277* target cells to
Vy9V32 T-cell recognition. Yamashiro et al also described inhibi-
tion of anti-CD3—stimulated o3 T cells by a high-affinity anti-
CD277 mAb able to induce CD277 phosphorylation in T cells.??
This again suggests a direct coinhibitory effect of the mAb.
Although we could not assess activity of this particular mAb on
Vy9V32 T-cell responses, its mode of action clearly differs from
that of the blocking mAb 103.2 we used. In particular, mAb 103.2
inhibited PAg-induced Vy9V32 T-cell responses, but not anti-CD3—
stimulated Vy9V82 or aff T cells, and acted indirectly, by
interfering with Vy9Vd2 T-cell recognition of NBP-treated or
BCG-infected target cells (as indicated by mAb preincubation
experiments and analysis of the responses of murine Vy9V32 TCR
transductants).

experiments. (B) Expression of CD107a on Vy9V32 T cells (line
GUI) after coculture with HEK293FT cells re-expressing BTN3A1™,
BTN3A2™, or BTN3A3™ isoforms and pretreated for 2 hours with
NBP (pamidronate, 250M) or anti-CD277 mAb (20.1, 10 wg/mL).
(C) TNF-a release from Vy9Vd2 T cells (line GUI) induced by
grading doses of soluble PAg (BrHPP) in coculture with HEK293FT
cells re-expressing BTN3A1, BTN3A2, or BTN3A3 isoforms. Data
are mean *+ SD and are representative of 3 independent experi-
ments. *P < .05 (paired Student ttest). (D) Expression of CD107a
on Vy9Va2 T cells (line AL) after coculture with HEK293FT cells
expressing full-length BTN3A1, BTN3A3, truncated BTN3A1
proteins lacking the intracellular B30.2 domain (BTN3A1™AB30.2),
or chimeric BTN3A3 proteins assembled with the BTN3A1 intracel-
lular B30.2 domain (BTN3A3™B30.2A1). Target cells were pre-
treated for 2 hours with anti-CD277 mAb (20.1, 10 ng/mL) or NBP
(pamidronate, 250p.M). Data are mean = SD of the percentage of
CD107a* v3 T cells (n = 3). *P < .05 (Student ttest).
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Results of anti-CD277 mAb treatments and CD277-knockdown
approaches both point to a unique role played by CD277 in
PAg-induced Vy9V32 T-cell responses. Moreover, the effects of
both agonist and blocking anti-CD277 mAbs on Vy9V82 TCR
transductant responses indicate that the TCR is necessary for this
CD277-dependent activation process. How CD277, PAg, and the
Vy9V32 TCR are linked together remains nevertheless unclear.
The CD277-dependent recognition of PAg-treated human cells by
murine Vy9V32 TCR transductants argues against engagement of
CD277 by a counter-receptor expressed by responder T cells.
Indeed, because CD277 is not conserved in the mouse,?! existence
of a murine counter-receptor seems unlikely.

Interestingly, whereas Vy9Va2 T-cell activation by agonist
anti-CD277 mAbs was restored after re-expression of any of the
3 CD277 isoforms, responses to PAg or NBP were obtained after
re-expression of BTN3A1 only. This suggests that PAg are not
bona fide yd T-cell antigens, consistent with previous failures to
demonstrate interactions between PAg and Vy9V32 TCR."3 We
propose that PAg act through the intracytoplasmic domain of the
BTN3A1 isoform to induce membrane reorganization of CD277
complexes sensed directly or indirectly by Vy9V82 T cells.
Because of the high conservation of the extracellular domain of all
3 CD277 isoforms, such Vy9Vd2-stimulatory CD277 complexes
could be mimicked by agonist anti-CD277 mAbs, irrespective of
the isoform expressed. This model (supplemental Figure 8) is
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Figure 7. Vy9V32 T-cell activation correlates with decreased mobility of BTN3A1 induced by agonist anti-CD277 mAb and NBP. (A) Left: Confocal images of HEK293
cells expressing EmGFP-BTN3A1 molecules after incubation for 30 minutes with anti-CD277 mAb (#20.1; 10 ng/mL), shown before (Pre-bleach), immediately after
(To-bleach), and 80 seconds (Tp-80 seconds) after photobleaching of regions of interest (indicated rectangular areas). Scale bars represent 6 um. (—) indicates no treatment.
Right: Mean FRAP and fit curves in EmGFP-BTN3A1-expressing HEK293 cells (n = 18), after treatment with anti-CD277 mAb (#20.1; 10 n.g/mL). Control indicates no
treatment (n = 17). The symbols correspond to the mean = SEM of FRAP collected every 5 seconds. The curves were fitted by 1-phase exponential equations. The average
fluorescence before photobleaching was counted as 100% (dashed line). Immobile fractions are indicated for each condition. (B) FRAP analysis of HEK293 cells expressing
EmGFP-BTN3A1 or EMGFP-BTN3A2 molecules after incubation for 30 minutes with anti-CD277 mAbs (#20.1; 10 ng/mL). Data are presented as the value for the percentage
of immobile fraction, measured as described under “Microscopy.” Control indicates no treatment. BTN3A1: (=), n = 21; 20.1, n = 13; BTN3A2: (—), n = 12; 20.1, n = 8. Bars
represent mean values. (C) FRAP analysis of HEK293 cells expressing mCherry-BTN3A1 or mCherry-BTN3A2 molecules after either incubation for 30 minutes with
anti-CD277 mAb (#20.1; 10 pg/mL), incubation overnight with NBP (Pam; pamidronate; 250.M) or statin (mevastatin, 50,.M) only, or treatment with statin for 6 hours before
incubation overnight with both statin and NBP (Pam -+ Meva). Data are presented as the value for the percentage of immobile fraction. Control indicates no treatment. BTN3A1:
(=),n=21;20.1,n = 16; Pam, n = 28; Pam + Meva, n = 18; Meva, n = 8. BTN3A2: (—),n = 12;20.1,n = 14; Pam, n = 14. Bars represent mean values. (B-C) ***P < .005
(Student ttest).

supported by the similar Ca?>" signaling kinetics of Vy9V32 T cells  T-cell responses toward NBP-treated murine target cells after
stimulated by agonist anti-CD277 mAb and PAg as well as by the = BTN3A1 transduction (C.H., R.B., M.B., and E.S., unpublished
results of FRAP experiments. Both agonist mAb and NBP induce  results, January 2011). Alternatively, CD277 might promote recruit-
changes of CD277 membrane mobility that correlate with Vy9V32  ment of other receptors recognized by the Vy9V32 TCR, such as
T-cell activation. Here again, NBP induced topologic rearrange- ecto-F1-ATPase, which is a known ligand for Vy9V32 TCR.#45
ment of only BTN3A1, whereas agonist mAb affected the mobility The restricted but mandatory implication of CD277 in the
of both BTN3A1 and BTN3A2 isoforms. This establishes a specific  activation of particular human y8 T-cell subsets brings to mind the
and presumably causal link between intracellular PAg accumula-  mandatory role played by Skint-1, another member of the extended
tion and CD277 reorganization, which occurs independently of B7 receptor family, in the selection of murine intraepidermal yd
Vy9V32 T-cell activation. PAg-dependent recruitment of CD277 T cells.!®!8 Although Skint-1 deficiency prevents differentiation of
molecules could be achieved through direct interactions between T cells expressing invariant Vy5V381 TCR, it has no effect on other
PAg and the intracellular domain of BTN3A1. Alternatively, in line  v8 or a3 T-cell compartments. Whether Skint-1 directly interacts
with the role played by some B30.2 domains in protein/protein ~ with Vy5V31 TCR or modulates TCR engagement by yet unde-
interactions,*>*! BTN3A1 recruitment could involve additional fined antigens remains unclear. It is striking that the human
intracellular or membrane-bound partners. Although PAg are likely =~ B7-related molecules, which are most homologous to SKINT1 in
to act intracellularly, we cannot rule out an extracellular mode of their extracellular regions, are the mouse and human BTNs,
action (eg, after interaction with the extracellular part of a including CD277.2' Therefore, the implication of BTN/Skint-
transmembrane receptor that would in turn induce BTN3A1l related members of the extended B7 receptor family in cell
reorganization in a B30.2-dependent fashion). This hypothesis  selection and/or peripheral activation could represent a unifying
would be in line with evidence for the existence of surface feature shared by seemingly unrelated yd T-cell subsets from
receptors able to interact with PAg.4243 distinct species.

How Vy9V&2 T cells detect PAg-induced changes of CD277 From an applied standpoint, trials using clinical grade 5y9V32
remains to be determined. These changes could be sensed by the  T-cell agonists (like NBP or synthetic PAg) have yielded promising
Vy9V32 TCR directly, although we failed to demonstrate cognate  preclinical and clinical responses in viral infections and several
interactions between recombinant Vy9V32 TCR and CD277  cancers.>>%¢ Such protocols are nevertheless suboptimal because of
(E.J.A., unpublished results, January 2012), or to restore Vy9V382  the progressive exhaustion of Vy9Vd2 T-cell responses after
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repeated treatment with specific agonists and because of the rather
weak reactivity of in vitro or in vivo expanded Vy9Vo2 T cells
toward fresh autologous tumor cells.’> Enhancing antitumor re-
sponses of Vy9Vd2 T cells with agonist anti-CD277 mAbs may
prove a good way to improve their antitumor efficacy. On the other
hand, antagonist anti-CD277 mAbs might be exploited to dampen
deleterious Vy9V32 T-cell responses,*’ for instance, during Myco-
bacterium tuberculosis—induced immune restoration syndrome in
AIDS patients under therapy.*$

Acknowledgments

The authors thank T. Santolaria and A. Giraud for assistance and
discussion; M. C. Devilder for assistance with cytometry;
M. C. Gesnel, S. Heijhuurs, Ingrid Miiller, and Lisa Starick for
technical assistance; J. Desfrancois-Noel and P. Hulin at the
Flow Cytometry and Cellular and Tissular Imaging Core
Facility of Nantes University (MicroPICell) and IFR26 (Nantes)
for expert technical assistance; and N. Minato, X. Saulquin,
B. Clémenceau, H. Vié, N. Labarriere, F. Paris, M. Grégoire,
F. Altare, D. Heymann, and Innate Pharma (Marseille, France)
for sharing cells and reagents.

References

BLOOD, 13 SEPTEMBER 2012 - VOLUME 120, NUMBER 11

This work was supported by Inserm, Université de Nantes,
Association pour la Recherche contre le Cancer (R10139NN),
Institut National du Cancer (VO9V2THER), AICR (10-0736), UU
(2010-4669), and IZKF Wiirzburg (01KS9603).

Authorship

Contribution: C.H., Y.G., S. Nedellec, C.-M.P., HM., J.M,, J.L.,
J.K., S. Netzer, A.L., and R.B. performed experiments; C.H., Y.G.,
S. Nedellec, JM.,HM.,J K.,E.J.A.,J.D.-M.,TH.,R.B.,D.0O., and
E.S. analyzed results and made the figures; M.B., R.B., and E.S.
designed the research and wrote the manuscript; and all authors
read and edited the manuscript.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

Correspondence: Emmanuel Scotet, Inserm UMR 892, Centre
de Recherche en Cancérologie Nantes-Angers, IRT UN, 8 quai
Moncousu, 44007 Nantes cedex, France; e-mail: emmanuel.
scotet@inserm.fr; and Marc Bonneville, Inserm UMR892, Centre
de Recherche en Cancérologie Nantes-Angers, IRT UN, 8 quai
Moncousu, 44007 Nantes cedex, France; e-mail: bonnevil@
inserm.fr.

1. Hayday AC. Gammadelta T cells and the lym-
phoid stress-surveillance response. Immunity.

2009;31(2):184-196. 286-293.

2. Bonneville M, O’'Brien RL, Born WK. Gammadelta ~ 13. Allison TJ, Winter CC, Fournie JJ, Bonneville M,
Garboczi DN. Structure of a human gammadelta 25.
T-cell antigen receptor. Nature. 2001;411(6839):

T cell effector functions: a blend of innate pro-
gramming and acquired plasticity. Nat Rev Immu-

nol. 2010;10(7):467-478. 820-824.

3. Chien YH, Konigshofer Y. Antigen recognition by 14. Morita CT, Beckman EM, Bukowski JF, et al. Di-
rect presentation of nonpeptide prenyl pyrophos-
58. phate antigens to human gamma delta T cells.
Immunity. 1995;3(4):495-507.

delta T cells by phosphoantigens. Res Immunol. 15. Lenschow DJ, Walunas TL, Bluestone JA.

gammadelta T cells. Immunol Rev. 2007;215:46-

4. Fournie JJ, Bonneville M. Stimulation of gamma

gion in prenyl pyrophosphate antigen recognition 24. Cubillos-Ruiz JR, Martinez D, Scarlett UK, et al.
by gamma delta T cells. J Immunol. 1998;161(1):

CD277 is a negative co-stimulatory molecule uni-
versally expressed by ovarian cancer microenvi-
ronmental cells. Oncotarget. 2010;1(5):329-338.

Messal N, Mamessier E, Sylvain A, et al. Differen-
tial role for CD277 as a co-regulator of the im-
mune signal in T and NK cells. Eur J Immunol.
2011;41(12):3443-3454.

26. Compte E, Pontarotti P, Collette Y, Lopez M,
Olive D. Frontline: Characterization of BT3 mol-
ecules belonging to the B7 family expressed on
immune cells. Eur J Immunol. 2004;34(8):2089-

1996;147(5):338-347. CD28/B7 system of T cell costimulation. Annu
5. Bonneville M, Scotet E. Human Vgamma9Vdelta2 Rev immunol. 1996;14233-258. 2099.
' : | g 16. Lewis JM, Girardi M, Roberts SJ, Barbee SD, 27. Marcu-Malina V, Heijhuurs S, van Buuren M,

T cells: promising new leads for immunotherapy of
infections and tumors. Curr Opin Immunol. 2006;
18(5):539-546.

6. Morita CT, Jin C, Sarikonda G, Wang H. Nonpep-
tide antigens, presentation mechanisms, and im-
munological memory of human Vgamma2Vdelta2
T cells: discriminating friend from foe through the
recognition of prenyl pyrophosphate antigens.
Immunol Rev. 2007;215:59-76.

7. Tanaka Y, Morita CT, Nieves E, Brenner MB,
Bloom BR. Natural and synthetic non-peptide an-
tigens recognized by human gamma delta T cells.
Nature. 1995;375(6527):155-158.

2006;7(8):843-850.

40(5):656-662.

fication of (E)-4-hydroxy-3-methyl-but-2-enyl py-
rophosphate as a major activator for human gam-
madelta T cells in Escherichia coli. FEBS Lett.
2001;509(2):317-322.

T-cell stimulation by pamidronate. N Engl J Med.
1999;340(9):737-738.

Hayday AC, Tigelaar RE. Selection of the cutane-
ous intraepithelial gammadelta+ T cell repertoire
by a thymic stromal determinant. Nat Immunol.

18. Barbee SD, Woodward MJ, Turchinovich G, et al.
Skint-1 is a highly specific, unique selecting com-
ponent for epidermal T cells. Proc Natl Acad Sci
U S A.2011;108(8):3330-3335.

8. Hintz M, Reichenberg A, Altincicek B, et al. Identi- 19. Turchinovich G, Hayday AC. Skint-1 identifies a

common molecular mechanism for the develop-

ment of interferon-gamma-secreting versus 30. Kreiss M, Asmuss A, Krejci K, et al. Contrasting

interleukin-17-secreting gammadelta T cells. Im-

munity. 2011;35(1):59-68.

9. Kunzmann V, Bauer E, Wilhelm M. Gamma/delta 20. Henry J, Miller MM, Pontarotti P. Structure and

evolution of the extended B7 family. Immunol To-

day. 1999;20(6):285-288.

et al. Redirecting alphabeta T cells against can-
cer cells by transfer of a broadly tumor-reactive

gammadelta T-cell receptor. Blood. 2011;118(1):
50-59.

17. Boyden LM, Lewis JM, Barbee SD, et al. Skint1, 28. Harly C, Peyrat MA, Netzer S,
the prototype of a newly identified immunoglobu-
lin superfamily gene cluster, positively selects
epidermal gammadelta T cells. Nat Genet. 2008;

Dechanet-Merville J, Bonneville M, Scotet E. Up-
regulation of cytolytic functions of human
Vdelta2-gamma T lymphocytes through engage-
ment of ILT2 expressed by tumor target cells.
Blood. 2011;117(10):2864-2873.

29. Luhder F, Huang Y, Dennehy KM, et al. Topologi-
cal requirements and signaling properties of
T cell-activating, anti-CD28 antibody superago-
nists. J Exp Med. 2003;197(8):955-966.

contributions of complementarity-determining re-

gion 2 and hypervariable region 4 of rat BV8S2+

(Vbeta8.2) TCR to the recognition of myelin basic
protein and different types of bacterial superanti-

gens. Int Immunol. 2004;16(5):655-663.

10. Gober HJ, Kistowska M, Angman L, Jeno P, 21. Rhodes DA, Stammers M, Malcherek G, Beck S, 31. PyzE, Naidenko O, Miyake S, et al. The comple-

Mori L, De Libero G. Human T cell receptor gam-

madelta cells recognize endogenous mevalonate

metabolites in tumor cells. J Exp Med. 2003;

197(2):163-168. 22
11. Lang F, Peyrat MA, Constant P, et al. Early activa-

tion of human V gamma 9V delta 2 T cell broad

cytotoxicity and TNF production by nonpeptidic

5986-5994.

12. Bukowski JF, Morita CT, Band H, Brenner MB.
Crucial role of TCR gamma chain junctional re-

Trowsdale J. The cluster of BTN genes in the ex-
tended major histocompatibility complex. Genom-
ics. 2001;71(3):351-362.

. Smith IA, Knezevic BR, Ammann JU, et al.
BTN1A1, the mammary gland butyrophilin, and
BTN2A2 are both inhibitors of T-cell activation.

J Immunol. 2010;184(7):3514-3525.
mycobacterial ligands. J Immunol. 1995;154(11): 23. Yamashiro H, Yoshizaki S, Tadaki T, Egawa K,
Seo N. Stimulation of human butyrophilin 3 mol-
ecules results in negative regulation of cellular 33. Nedellec S, Sabourin C, Bonneville M, Scotet E.
immunity. J Leukoc Biol. 2010;88(4):757-767.

mentarity determining region 2 of BV8S2 (V beta
8.2) contributes to antigen recognition by rat in-
variant NKT cell TCR. J Immunol. 2006;176(12):
7447-7455.

32. Espevik T, Nissen-Meyer J. A highly sensitive cell
line, WEHI 164 clone 13, for measuring cytotoxic
factor/tumor necrosis factor from human mono-
cytes. J Immunol Methods. 1986;95(1):99-105.

NKG2D costimulates human Vgamma9Vdelta2

20z aunr g0 uo 3senb Aq Jpd 6922002 | LE0BUZ/8.L8LSEL/692C/1 L/0Z L /Pd-8jo1e/poo|qAaU suoledlgndyse//:djly woly papeojumoq



BLOOD, 13 SEPTEMBER 2012 - VOLUME 120, NUMBER 11

34.

35.

36.

37.

38.

T cell antitumor cytotoxicity through protein ki-
nase Ctheta-dependent modulation of early TCR-
induced calcium and transduction signals. J Im-
munol. 2010;185(1):55-63.

Simone R, Barbarat B, Rabellino A, et al. Ligation
of the BT3 molecules, members of the B7 family,
enhance the proinflammatory responses of hu-
man monocytes and monocyte-derived dendritic
cells. Mol Immunol. 2010;48(1):109-118.

Davodeau F, Peyrat MA, Hallet MM, Houde I,

Vie H, Bonneville M. Peripheral selection of anti-
gen receptor junctional features in a major human
gamma delta subset. Eur J Immunol. 1993;23(4):
804-808.

Yamashita S, Tanaka Y, Harazaki M, Mikami B,
Minato N. Recognition mechanism of non-peptide
antigens by human gammadelta T cells. Int Im-
munol. 2003;15(11):1301-1307.

Monkkonen H, Auriola S, Lehenkari P, et al. A
new endogenous ATP analog (Apppl) inhibits the
mitochondrial adenine nucleotide translocase
(ANT) and is responsible for the apoptosis in-
duced by nitrogen-containing bisphosphonates.
BrJ Pharmacol. 2006;147(4):437-445.

Devilder MC, Maillet S, Bouyge-Moreau |,
Donnadieu E, Bonneville M, Scotet E. Potentia-

39.

40.

41.

42.

43.

tion of antigen-stimulated Vgamma9Vdelta2

T cell cytokine production by immature dendritic
cells (DC) and reciprocal effect on DC maturation.
J Immunol. 2006;176(3):1386-1393.

Wang H, Fang Z, Morita CT. Vgamma2Vdelta2

T cell receptor recognition of prenyl pyrophos-
phates is dependent on all CDRs. J Immunol.
2010;184(11):6209-6222.

Jeong J, Rao AU, Xu J, et al. The PRY/SPRY/
B30.2 domain of butyrophilin 1A1 (BTN1A1)
binds to xanthine oxidoreductase: implications for
the function of BTN1A1 in the mammary gland
and other tissues. J Biol Chem. 2009;284(33):
22444-22456.

James LC, Keeble AH, Khan Z, Rhodes DA,
Trowsdale J. Structural basis for PRYSPRY-
mediated tripartite motif (TRIM) protein function.
Proc Natl Acad Sci U S A. 2007;104(15):6200-
6205.

Wei H, Huang D, Lai X, et al. Definition of APC pre-
sentation of phosphoantigen (E)-4-hydroxy-3-methyl-
but-2-enyl pyrophosphate to Vgamma2Vdelta

2 TCR. J Immunol. 2008;181(7):4798-4806.
Sarikonda G, Wang H, Puan KJ, et al. Photoaffin-
ity antigens for human gammadelta T cells. J Im-
munol. 2008;181(11):7738-7750.

KEY ROLE OF CD277 IN Vy9V32 T-CELL ACTIVATION

44.

45.

46.

47.

48.

2279

Scotet E, Martinez LO, Grant E, et al. Tumor rec-
ognition following Vgamma9Vdelta2 T cell recep-
tor interactions with a surface F1-ATPase-related
structure and apolipoprotein A-1. Immunity. 2005;
22(1):71-80.

Mookerjee-Basu J, Vantourout P, Martinez LO,

et al. F1-adenosine triphosphatase displays prop-
erties characteristic of an antigen presentation
molecule for Vgamma9Vdelta2 T cells. J Immu-
nol. 2010;184(12):6920-6928.

Chiplunkar S, Dhar S, Wesch D, Kabelitz D.
Gammadelta T cells in cancer immunotherapy:
current status and future prospects. Immuno-
therapy. 2009;1(4):663-678.

Davey MS, Lin CY, Roberts GW, et al. Human
neutrophil clearance of bacterial pathogens trig-
gers anti-microbial gammadelta T-cell responses
in early infection. PLoS Pathog. 2011;7(5):
€1002040.

Bourgarit A, Carcelain G, Samri A, et al.
Tuberculosis-associated immune restoration syn-
drome in HIV-1-infected patients involves
tuberculin-specific CD4 Th1 cells and KIR-
negative gammadelta T cells. J Immunol. 2009;
183(6):3915-3923.

20z aunr g0 uo 3senb Aq Jpd 6922002 | LE0BUZ/8.L8LSEL/692C/1 L/0Z L /Pd-8jo1e/poo|qAaU suoledlgndyse//:djly woly papeojumoq



