particular, what percentage of y8 T cells phagocytose and how does this compare to other
lymphocytes? Is phagocytosis a feature of a particular type of yd TCR+ cell? Is
phagocytosis in y8 T cells followed by the processes that normally follow phagocytosis in
professional phagocytes such as the release of microbicidal products? A number of
experimental approaches were taken to answer these questions and they are novel in
comparison to previous Y3 T cell literature in 3 ways. Firstly, whenever possible, the assays
used were adapted from well-characterised or clinically relevant assays. This includes the
gentamicin protection assay which is a standard microbiology technique used to test for
bacterial invasion and the whole blood phagocytosis assay which was adapted from an
vitro diagnostic (IVD) test used clinically to diagnose neutrophil disorders. Relevant clinical
haematology stains were also employed to phenotype cells, such as NBT in the ROS
production assay which is used clinically to diagnose CGD and Diff-Quick staining which
is used by pathologists to describe the appearance of blood cells. Secondly, classical
professional phagocytes (either monocytes or neutrophils) were included as a positive
control alongside y8 T cells to contextualise the magnitude of yé T cell phagocyte
responses. Lastly, care was taken to score microscopy data blindly in order to eliminate the

possibility of observer bias.

In this chapter it was shown that phagocytosis of IgG-opsonised E. /i can be observed in
freshly isolated y8 T cells using confocal microscopy. However, the quantification of this
phenomenon revealed that the proportion of y5 T cells undergoing phagocytosis was low
and not significantly different from either a3 T cells or NK cells when these cells were
isolated from the same donor PBMCs and tested in parallel. An attempt at distinguishing
between attached and engulfed bacteria was pursued with a dual labelling flow cytometry
phagocytosis assay. The dual labelling test did not show significant phagocytosis by y6 T
cells but lacked a positive control to validate the assay. The gentamicin protection assay
showed that phagocytosis in the y8 T cell fractions was substantially lower than that of the
positive control tested (monocytes) but that viable colonies could be recovered from lysates
from y& T cells cultured in the presence of gentamicin which suggests that bacteria were
phagocytosed and hence protected from the gentamicin by cells in the y8 T cell fractions.
The microscopy, the dual labelling and the gentamicin experiments required significant cell

processing which could potentially affect cell function and also inevitably results in a small
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number of contaminating cells in the isolated fractions. Therefore, y8 T cells were also

tested fresh, in whole blood, and compared to other leukocytes in the blood.

The whole blood phagocytosis assay was adapted from a test which is used to diagnose and
study neutrophil function in the institute in immune disorders such as Wiskott-Aldrich
syndrome (21;279). The original assay involves incubating whole blood samples with
opsonised fluorescent E. co/i either in a 37°C waterbath or on ice, and then fixing the
samples in a fixative that preserves the light scatter properties of the different cell
populations by flow cytometry. The adapted assay includes a staining step on ice after the
incubation with bacteria, and uses the same GFP-E. co/; bacteria and opsonising reagent as
the other tests described in the chapter. Using whole blood samples, phagocytosis could
be detected in 5 to 21% of cells double positive for CD3 and yd TCR in 5 different donors,
each tested in an independent experiment. Neither a8 T cells nor NK cells were found to

significantly phagocytose in the same conditions.

To study phagocytic y8 T cells, the whole blood assay was repeated followed by FACS
sorting of the phagocytic and non-phagocytic y8 T cell fractions. However, the phagocytic
vd T cells could not be isolated to a satisfactory purity. The phagocytic y8 T cell fraction
produced reactive oxygen species but contained a large number of polymorphonucleated
cells, as indicated by Diff-Quick staining. The only cells described in the blood with this
nuclear morphology are granulocytes: eosinophils (bi-lobed), basophils (bi-lobed or tri-
lobed) and neutrophils (multilobed). The multilobed nuclei seen did not have the typical
“C-shape” found in mature neutrophils and no red-orange or dark purple granules typically
found in eosinophils and basophils could be seen. However, since FACS sorting is post-
phagocytosis, degranulation is likely to have already taken place. Curiously, two different
groups had previously described that a rare population of CD3+ y6 TCR+ cells can be
found in the granulocyte fraction of whole blood (291;292). However, in my own
investigations I did not find any evidence of y8 TCR-expressing cells in the granulocyte

fraction of blood by western blot or in neutrophils and eosinophils by flow cytometry.

The fact that so many of the cells in the phagocytic y6 T cell fraction had the nuclear
morphology of a granulocyte adds uncertainty to the quantification results of the whole

blood assay, which showed that a significant proportion of y8 T cells in whole blood
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phagocytosed. In this assay, phagocytic y6 T cells also segregated entirely to a typical
granulocyte light scatter profile by flow cytometry. Therefore, to validate the results from
the phagocytosis quantification experiment in whole blood, granulocytes would have to be

excluded from the analysis by CD15 staining or a prior density gradient separation step.

The work described in this chapter followed on from an earlier report by Wu et al
presenting y& T cells as professional phagocytes (223). The authors provided qualitative
evidence of phagocytosis, some of which was reproduced in this thesis. They presented
transmission electron microscopy images which showed the presence of both bacteria and
vd TCR MACS beads in the same cells. These cells were freshly isolated from peripheral
blood and had a typical lymphocyte size and a round nucleus. Features of phagocytosis
were observed including pseudopod-like dendritic processes, membrane ruffling and
phagocytic vacuoles containing bacteria. Clustering of the y6 TCR MACS beads was also
evident which likely corresponds to the y8 TCR punctate staining seen by confocal
microscopy. However, the authors did not provide quantitative evidence that phagocytosis
was a major feature of y8 T cells. In this chapter it was shown that small numbers of
lymphocytes containing E. co/i can be found not only in y8 T cell but also in NK cell and
af T cell fractions in blindly-scored phagocytosis experiments. The proportion of
lymphocytes undergoing phagocytosis was significantly lower than the proportion of
monocytes undergoing phagocytosis, as would be expected comparing professional
phagocytes to other cell types. In fact, in all the assays presented in this chapter,
microscopy, microbiology or flow cytometry-based, monocytes phagocytosed much more
frequently than any lymphocyte type. The data in this chapter therefore strongly suggests
that y5 T cells, similarly to other lymphocytes, are not professional phagocytes in the sense

that they are not proficient at taking up bacteria.

Although the question was investigated, whether a particular subtype of yd T cells in the
blood is proficient at phagocytosis was not determined. Further experiments would require
first that such a cell be isolated to a satisfactory purity. One possible approach would be to
scale-up the sample volume in the whole blood phagocytosis assay although that would
substantially increase the cost in antibodies and FACS sorting charges. Perhaps more
realistically, PBMCs could be used instead of whole blood which would increase the

proportion of y6 T cells in the starting population with minimal sample processing. It
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would also have the added advantage of removing granulocytes with high autofluorescence
and therefore increase the accuracy of the sort. A larger number of starting yd T cells could
allow for a sufficient number of phagocytic y8 T cells to be isolated. It would also allow
for a second FACS sort of the collected cells if the purity of the first sort was found to be
low. Further experiments could then look at the other defining features of a professional
phagocyte. As such, research could look for evidence of phagocytic cell-surface receptors,
whether the uptake is actin-dependent, whether there is evidence of phagosome formation,
microbicidal and degradative enzymes and a functional respiratory burst. In addition, the
fate of the cell after phagocytosis could be investigated. Is the material phagocytosed by
this y8 T cell loaded onto class 11 molecules such as in the transition from immature to
mature dendritic cell? Or does the cell tend to be short-lived after phagocytosis, like a

neutrophil?

It is difficult to think of the blood y8 T cell as a patrolling phagocyte mainly because other
cells like monocytes and neutrophils fulfil that function already and circulate in abundance
in the blood. A sub-population of y8 T cells in healthy blood expresses CD16 which binds
IgG and therefore was the prime candidate for a phagocytic receptor for IgG opsonised
bacteria. CD16A, the isoform of CD16 expressed by a proportion of T cells, NK cells,
monocytes and macrophages, has been reported to mediate phagocytosis in non-
phagocytic COS-1 cells when these are transduced with a CD16A construct (301;302).
However, phagocytosis is an active process that involves both intracellular signalling and
actin-mobilisation and therefore the presence of CD16 alone may not be enough to
mediate phagocytosis. In addition, physical constraints of cell size and cytoplasmic volume
are likely to play a part as well. A greater number of y6 T cells in healthy blood express
CD16 than those that phagocytosed. It would have been interesting to have co-stained for
CD16 and CD3/y8 TCR in the flow cytometry-based phagocytosis expetiments to assess
whether any correlation existed between CD16 expression and phagocytosis of IgG-coated
E. coli. However, acquisition of antigen via CD16 may be relevant even if y3 T cells are not
proficient at phagocytosis. Around the same time y8 T cells were reported to be capable of
professional antigen presentation (233), NK cells were also reported to mature into an
APC-like phenotype after the killing of target cells (258). CD16 expression correlates with

cytotoxicity in both NK cells and y8 T cells, and antigen may be available for uptake in the
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vicinity of the effector cells after cytolytic lysis of targets. Therefore, both y6 T cells and
NK cells could possibly potentiate the adaptive immune response at peripheral
inflammatory sites by performing class II presentation of antigens acquired from cytolytic
targets in the local microenvironment. The following chapter describes experiments
replicating previous published findings on uptake of IgG opsonised antigen and MHC class
IT presentation in vy T cells. The last chapter will then evaluate whether engagement of
CD16 on y3 T cells can lead to target cell lysis and antigen uptake followed by maturation

of these cells into a y6 T-APC phenotype.
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5 MHC class Il antigen presentation by y6 T cells

e To replicate previously published work demonstrating class II presentation of

influenza M1 antigen by 2z vitro stimulated y6 T cells

e To compare class II antigen presentation by activated y3 T cells with that of other

similar lymphocytes

Professional class II antigen presentation in y& T cells was first described by Collins et al
in cattle (232). Activated y5 T cells but not freshly isolated y3 T cells were found to quickly
acquire the markers and morphological characteristics of professional antigen presenting
cells. Activated y6 T cells displayed a developed cytoplasm and occasional membrane
protrusions as is seen in dendritic cells (232). A few years later professional antigen
presentation was first reported in human y3 T cells and was found to be comparable to
that of dendritic cells (233;247). A subsequent study by a different group showed that the
uptake of influenza M1 coated beads successfully resulted in antigen presentation in y& T
cells, using the same activation protocol as the eatlier group but additionally implicating a

receptor-mediated phagocytosis process in antigen uptake (223).

Further studies by Himoudi et al looked at the requirements for professional antigen
presentation in 3 T cells. Their observations show a requirement for both TCR ligation, a
particular cytokine milieu, and intriguingly interaction with an antibody coated target cell,
again implicating a role for CD16 (2406). The authors termed this conditioning “licencing”
by drawing comparisons from the licensing of DCs by binding to CD40L (255-257).
Interestingly, antigen presentation ability in y6 T cells was reversible as the removal of
antibody coated target cells resulted in severe downregulation of the antigen presentation
molecules MHC class 1I, CD80 and CD86 in /Zicensed y5 T cells. This suggests that antigen
presentation function in y8 T cells is likely to be a tightly regulated process that can occur
at a specific time in the immune response, after antibody production by B cells, but that is
quickly stopped when infected or tumour cells and antibody are no longer present.

Therefore, antigen presentation by y8 T cells is probably both transient and locally induced
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at the site of inflammation, thereby enhancing the immune function when needed but not

exacerbating unnecessary inflammation when not.

It should be noted that evidence for class II antigen presentation has also been described
for a3 T cells and NK cells. There is considerable evidence, dating as far back as 1978
(303), that activated a3 T cells can express MHC class II and present antigen to CD4 T
cells zn vitro (304-318). They have also been reported to express the co-stimulatory
molecules CD80 and CD86 upon activation (319-323). However, the lack of a specific
uptake receptor may severely restrict the ability of these cells to function as APC 7 vivo. A
proportion of ex vivo Y5 T cells from healthy donors express the Fec-receptor CD16 and
were found to take up IgG-opsonised influenza M1 coated beads and then activate HLA-
restricted M1-specific hybridomas by Wu et al (223). The hybridoma response, however,
was halved in the presence of a CD16 blocking antibody, thereby strongly suggesting a role

for the receptor in this process.

NK cells and T cells share a range of receptors (324) and are thought to arise from a
common progenitor cell (325;326). As professional antigen presentation is not usually
associated with either T cells or NK cells, it is unknown whether these share the
intracellular machinery required for antigen processing and loading onto class II molecules,
and specifically, what receptors mediate the uptake and activation of this pathway. Both o3
T cells and NK cells have been described to present antigen in certain instances
(258;303;311-313;316;327;328). For afy T cells, antigen presentation to other CD4 T cells
is thought to promote the termination of the immune response because T cells activated
by other T cells become unresponsive to subsequent stimulation by professional antigen
cells (304). This is thought to be mediated by a more pronounced TCR and CD3
downregulation and a lack of sufficient co-stimulation (329). For NK cells, antigen
presentation function has been described after the killing of tumour cell targets (258) which

could potentially also play a role in anti-tumour T cell immunity.

The experiments described in this chapter set out to replicate previously published data on
the ability of human blood y8 T cells to present antigen via the class II antigen presentation

pathway (223). In addition, the same model was used to ask whether the ability of y8 T
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cells to present class II antigen differs significantly from that of other lymphocytes («f T

cells and NK cells).

122



The experiments described in this section were replicated from those published by Wu et
al. Wu et al showed that human blood y8 T cells could take up IgG opsonised influenza
M1 protein coated beads and that these cells could then process and present this antigen
on class II and activate antigen specific CD4 T cell lines (223). Before co-culture with
antigen, the yd T cells were cultured in the presence of the Vy9V32 TCR agonist IPP and
IL-2 in the presence of irradiated B-LCL feeders, factors which had been previously shown

to induce professional antigen presentation function in y8 T' cells (233).

vd T cells were isolated by MACS from PBMC, activated using the same protocol
described, and incubated with influenza M1 coated beads, opsonised with anti-M1 rabbit
polyclonal serum. Selected wells were pre-incubated for 1h with chloroquine, a potent
inhibitor of antigen processing (330). Chloroquine interferes with antigen processing and
receptor loading by increasing phagosomal and endosomal pH, thereby preventing antigen
presentation without affecting antigen uptake (331;332). The same property can be
exploited to enhance cross-presentation since dendritic cells incubated with chloroquine
will tend to export exogenous virus antigen to the cytoplasm instead of via the class II
route (333). After 1h co-culture with the antigen beads, a blocking anti-HLA-DR antibody
or matched isotope control was added to triplicate wells and allowed to bind for 30 min at
37°C. Afterwards, an equal number of M1-specific CD4 T cell hybridoma cells were added
to each well. The CD4 T cell hybridoma produces mouse I1L-2 when specifically activated
(261). Therefore, supernatants were collected at 24h and assayed for mouse IL-2 by ELISA.

The graph in Figure 5.1 depicts the results. This experiment was repeated in two donors
with similar results. As expected, an antigen presentation response was detected in both
cells treated with antigen beads only and isotype control wells. However, chloroquine pre-

treatment for 1Th or HLA-DR blocking fully suppressed activation of the hybridoma.

A weakness in this experiment and in the previously published work it replicates is that it
does not include an additional control to test for the potential of chloroquine to directly
induce suppression of T cell responses. The concentration used in this assay to inhibit

antigen processing (50 pg/ml = 97uM) is moderate compared to published literature
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(330;,334-337). However, chloroquine at 100 uM has been shown to directly inhibit TCR-
induced calcium signalling in T cell lines and primary T cells (338) and to inhibit
proliferation and IL-2 production by T cell clones activated with anti-CD3 antibodies (339).
An adequate control for the potential toxic effect of chloroquine on the T cell hybridoma
would be to replace M1 protein with an M1 peptide that could be added to chloroquine
wells but which had no need for processing for presentation. Alternatively, this potential
toxic effect could be controlled for by adding chloroquine a few hours after incubation of

the y3 T cells with antigen beads, to allow for antigen processing to take place.

The results described in Figure 5.1 reproduce the findings by Wu et al, showing that human
v0 T cells can process and present via class II antigen delivered from IgG opsonised 1pum

coated beads (223).
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Figure 5.1 — Class II presentation of M1 influenza antigen by y6 T cells

Human y8 T cells activated with IPP, IL-2 and B-LCL feeders were tested for their ability
to present M1 influenza antigen on class II. 2x104 y3 T cells were tested in triplicate wells
in four conditions: untreated; pre-incubated with 50 pg/ml of chloroquine; incubated
with a blocking anti-HLA-DR antibody at 10 ug/ml; or incubated with a matched isotype
control. Beads coated with influenza M1 protein and anti-M1 polyclonal IgG were added
to all wells. After one hour, HLA-restricted M1-specitic CD4 T cell hybridomas were
added to all wells. Supernatants were collected at 24h and mouse IL-2 release by the
hybridoma was measured by ELISA. One representative experiment of a total of two is

shown.
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To investigate whether y6 T cells are unique among lymphocytes in their ability to process
IgG opsonised antigen and present it via MHC class II, I decided to test other lymphocytes
in the same model, particularly o T cells and NK cells, as both of these share features with
v T cells. Both y8 T cells and NK cells usually express CD16, unlike most freshly isolated
af T cells (see Figure 6.2A). Therefore, if we postulate that CD16 mediates the
phagocytosis of IgG-coated beads then NK cells should be likely candidates as they express

ten times more CD16 receptors per cell than vy T cells (Figure 6.2A, histogram).

To investigate whether NK cells or a8 T cells could take up, process and present the M1
antigen in a similar way to y3 T cells, all cell subsets were isolated from healthy donors by
magnetic isolation. The cells were incubated with IgG coated M1 antigen beads and then
co-cultured with M1-specific CD4 T cell hybridoma cells (A1C5 hybridoma). Presentation
was measured by hybridoma mouse 1L-2 release which was quantified by ELISA. As a
negative control, all cell types were incubated with chloroquine, which was previously
shown to block antigen presentation (Figure 5.1). As a positive control in this experiment,
monocytes were isolated from the same donor in the same way. Only very small numbers
of dendritic cells can be isolated directly from peripheral blood. Although monocytes are
not professional antigen presenting cells, they have been shown to mediate antigen
presentation to CD4 T cell hybridomas by the authors who made the hybridomas used in
the experiments described in this thesis (340). The authors also noted that CD4 T cell
hybridomas differ from normal antigen-specific CD4 T cells in that they are less
costimulation dependent and therefore provide a readout that is mainly dependent on the
levels of expression of peptide-MHC class II complexes only. Because the absolute values
of IL-2 production vary significantly between donors (a range of 50 — 1500 pg/ml for
positive control monocytes), the experiments were not pooled together and instead one

representative experiment is shown in Figure 5.2.

In all donors, y3 T cells presented significantly more antigen than either af§ T cells or NK
cells. The difference was larger between y5 T cells and a8 T cells (p < 0.005) than between
vd T cells and NK cells (p < 0.05) as measured by a One-way ANOVA with a Tukey’s
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multiple comparison test. Importantly, monocyte antigen presentation was consistently

higher than y8 T cell antigen presentation, between 2 to 10-fold more in each donor.

In this experiment, 3 T cells were compared to other a3 T cells and NK cells in terms of
their ability to present M1 influenza antigen via MHC class II. The results show that y6 T
cells were significantly better at antigen presentation than the other lymphocytes tested.
However, a small antigen presentation response could be seen in NK cell wells, which was

investigated and is presented in detail in the following section.
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Figure 5.2 — y6 T cells present significantly more M1 influenza antigen than other lymphocytes

Human y8 T cells activated with IPP, IL-2 and B-LCL feeders were tested for their ability to present M1
influenza antigen on MHC class 1I in parallel with other lymphocytes and monocytes. 2x104 y8 T cells, of3
T cells, NK cells or monocytes were isolated from the same donor PBMCs by MACS and seeded in two
sets of triplicate wells. y8 T cells were activated overnight with IPP, IL-2 and irradiated non-HLA-
DRB1*0101 B-LCLs. Half of the wells were then pre-incubated with 50 ug/ml of chloroquine for 1 h at
37°C. Opsonised M1 influenza coated beads wete added to all wells. After one hour, HLA-restricted M1-
specific CD4 T cell hybridomas were added to all wells. Supernatants were collected at 24h and mouse IL-
2 production by the hybridoma was measured by ELISA. One representative experiment of a total of 10
is shown.
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In this section, the nature of the antigen presenting cells seen in NK cell wells in the antigen
presentation assay described in Figure 5.2 was investigated by assessing the evidence for
NK cell antigen presentation in the literature and then altering the NK cell isolation

method accordingly.

One of the difficulties when studying NK cell behaviour is how to define NK cells.
Historically, NK cells were defined on the basis of their ability to kill tumour cells and were
noted to have the morphology of small lymphocytes (341). However, in the modern age of
antibody based approaches, NK cells are usually identified by the CD3- CD56+ phenotype.
The cells defined by this phenotype in healthy blood form a heterogeneous population.
Burt et al showed that CD3- CD14- CD19- mononuclear cells from healthy human blood
contain cells that co-express HLA-DR and CD56 (342), which are typical markers of
antigen presenting cells and cytotoxic lymphocytes, respectively. These circulating CD56+
cells expressing high levels of HLA-DR were found to be phenotypically and functionally

similar to conventional CD56- dendritic cells in the same report.

In agreement with these observations, some antigen presentation was observed in NK cell
wells in the M1 model described in Section 5.4. For these experiments, NK cells were
treshly isolated from healthy donor PBMCs using CD56 magnetic beads. This is a standard
method for isolation of NK cells and leads to a high purity as measured by the expression
of CD56 and the absence of CD3 in the purified cells. However, as Burt et al showed, this
method of isolation of NK cells may lead to a variable number of CD56+ HLA-DR+
CD11c+ cells included in NK cell preparations (342). This is perhaps the reason why
variable amounts of antigen presentation were initially seen in NK cell wells in the

experiments described in Section 5.4.

In order to assess the ability of NK cells to present antigen in the M1 model, a further set
of experiments was performed using a different method of isolation. NK cell fractions
were purified by depleting PBMC fractions with magnetic beads conjugated to a cocktail
of antibodies against T cells, B cells, stem cells, dendritic cells, monocytes, granulocytes

and erythroid cells. A total of five separate experiments was performed using positive
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selection CD56 MACS and another set of five separate experiments using the non-NK
depletion MACS. The average results from triplicate NK cell wells in each experiment are
shown in Figure 5.3. The results from monocyte wells in the same experiments are also
included as a positive control. Strikingly, no M1 presentation was observed in NK cell wells
using the non-NK depletion strategy whereas the positive selection method resulted in
variable amounts of antigen presentation (Figure 5.3). The antibody cocktail in the non-
NK depletion magnetic beads likely depletes the rare CD56+ HLA-DR+ CD11c+ cells
that are found in mononuclear cells in healthy donors (342). Whether these cells are “NK
cells” or “dendritic cells” is a matter of debate. A later study showed that the proportion
of HLA-DR expressing NK cells in healthy blood is not insignificant (2-5.5%) and argues
that these HLA-DR+ NK cells proliferate in response to IL-2, as opposed to an IL-2
driven HLA-DR expression in HLA-DR- NK cells as previously thought (343). This would
argue against a dendritic cell nature as dendritic cells are thought to be terminally
differentiated cells that arise from progenitor cells and therefore not capable of cell division
(344). Regardless of cell type definitions, it proves an interesting example in how isolation

procedures can affect the outcome and subsequent interpretation of an experiment.

The difficulty with defining NK cells experimentally is that we have yet to discover a single
surface marker that can be used to discriminate them from other cell types. A significant
number of “NK cell receptors” have been described (345) yet all of these can be acquired
by activated af T cells and are often detected on freshly isolated y56 T cells, without any
deliberate activation (324). However, it should be mentioned that antigen presentation
function has been previously described for NK cells as long-term IL-2 activated NK cell
clones acquire the capacity to process and present antigens to CD4 T cells (328). Also, NK
cells were shown to acquire antigen presentation markers and the ability to present soluble
immune complexes after a 72h co-culture with NK-lysis sensitive tumour cells (258). This
indicates a role for target cell lysis or NK cell receptor engagement in the induction of an

APC phenotype in NK cells.

It is possible that NK cells may share with y6 T cells the plasticity to acquire antigen
presentation function but are not readily able to present antigen under steady-state
conditions. Conceivably, flexible antigen presentation may be present in different cytotoxic

cells types, taking advantage of the accessibility of antigen 7z situ after the cytotoxic lysis of
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a virus of a tumour cell. If that is true, then perhaps that function could be shared by CD8
T cells as well as NK cells and y6 T cells. The following section compares freshly isolated
v& T cells and y8 T cells cultured in the presence of factors shown to induce an APC-like
phenotype in these cells in their ability to present antigen via class II. Chapter 6 attempts
to functionally link cell-mediated cytotoxicity and class Il antigen presentation using

different cell types.
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Figure 5.3 — Antigen presentation was seen in some wells of NK cells directly isolated
with CD56 beads but not when NK cells were isolated by depletion of non-NK cell

types

2x10* NK cells or monocytes from the same donor PBMCs were seeded in triplicate wells.
Opsonised M1 influenza coated beads were added to all wells. After one hour, HLA-restricted
M1-specific T cell hybridomas were added to all wells. Supernatants were collected at 24h and
mouse 1L-2 production by the hybridoma was measured by ELISA. The graph depicts average
results from triplicate wells in ten separate experiments. The NK cells in these experiments
were either isolated from PBMCs with CD56 magnetic beads (left) or by magnetic depletion
of non-NK cell types (right). The plot highlights the NK cell results obtained using the two
isolation procedures and includes monocytes from all experiments as a positive control.
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In the section, the ability of freshly isolated and cultured y& T cells to present antigen via
class I is compared using the influenza model described in this chapter. In the first report
of professional antigen presentation by Brandes et al (233) and in the following paper from
our own group, Wu et al (223), the requirements for antigen presentation by human blood
v8 T cells were thought to be IPP, which is an agonist for the ubiquitous Vy9Vs2 TCR,
IL-2 and B-LCL help. These stimuli were used to induce the maturation of freshly isolated

vd T cells into an APC phenotype.

A requirement for activation may be a way to control antigen presentation by y& T cells
avoiding unnecessary stimulation of CD4 T cell responses in the absence of foreign
antigen, which could lead to autoimmunity. To elucidate the impact of activation in antigen
presentation function in y8 T cells, freshly isolated y6 T cells were compared to i vitro
activated y8 T cells from the same donor in an M1 presentation assay. yo T cells were
seeded in two sets of triplicate wells. Opsonised M1 influenza coated beads were added to
half of the wells. After one hour, HLLA-restricted M1-specific T cell hybridomas were added
to the same wells and supernatants were collected at 24h. The other wells were incubated
overnight with IPP, IL.-2 and irradiated B-LCL feeder cells. Opsonised M1 influenza coated
beads and HLA-restricted M1-specific T cell hybridomas were added the next day.
Supernatants were collected at 24h and mouse IL-2 production by the hybridoma was
measured by ELISA. Importantly, care was taken to ensure that the B-LCL feeder cells
were originally from a non HLA-DRB1*0101 donor unlike in the original report by
Brandes et al (233) and similar to the report by Wu et al. (223). This ensures that MHC
class II molecules from the feeder cells did not activate the M1 specific hybridoma either
by presentation by the feeders cells themselves or through transfer of MHC class II
molecules from the feeder cells to neighbouring y8 T cells. Transfer of MHC class 11
molecules from APCs to neighbouring «f3 T cells has been reported by different groups
(346-349) and can equip them with the ability to present associated peptide antigens (349).

In the experiments described in Figure 5.4, activated y3 T cells presented more antigen
than freshly isolated y8 T cells in each individual experiment. However, because of the high

variability of absolute IL-2 values between individual experiments, the pooled data does
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not shown a statistically significant difference between fresh and activated y8 T cells in

their ability to present M1 antigen via class 1.

This variability in M1 presentation readouts could be due to a number of factors specific
to this antigen presentation assay, in addition to normal donor variability. Importantly, the
small scale of the experiments (45 ul total volume per well) amplifies any small pipetting
inaccuracies. This small scale is dictated by the rarity of y5 T cells in peripheral blood. In
addition, the lack of appropriate quality control in the M1 bead preparation. M1 beads were
freshly prepared before each experiment as beads that were batched and used in different
experiments quickly lost their potency, possibly due to protein instability (data not shown).
However, the conjugation of M1 protein to the beads does not allow for a quality control
step to ascertain how much protein bound to the beads. Hence, any variability between
bead preparations would lead to variability in the amount of antigen added per well between

separate experiments.

It should be noted that class II antigen presentation could be seen with freshly isolated y&
T cells whereas all previous reports have used 7z vitro activated y3 T cells (223;233). This
observation could be explained by taking into account evidence that was published on
cross-presentation in y3 T cells after these experiments took place. The interaction between
CD16 on the y8 T cell and an IgG-coated target has been described as an important
stimulus for “licensing” of y8 T cells for professional antigen presentation. Himoudi et al
showed that the presence of opsonised target cells was sufficient to induce a level of cross-
presentation in activated y3 T cells similar to that of mature dendritic cells (246). Therefore,
it is possible that the binding and uptake of M1 opsonised beads via CD16 on freshly
isolated y6 T cells could play an important role in the partial maturation of these cells into
an APC phenotype in the 24h time-frame that the assay takes to complete. NK cells also
express CD16 and freshly isolated NK cell fractions displayed some M1 antigen
presentation when isolated with CD56 beads but not when depleted of HLA-DR+ and
CD11c+ cells (Figure 5.3). Therefore, I next investigated whether freshly isolated y5 T cells

expressed HLA-DR and whether this marker was upregulated upon activation.
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Figure 5.4 — Comparison of antigen presentation by freshly isolated y6 T cells
and y6 T cells which have undergone y6 T APC maturation

Freshly isolated y3 T cells were seeded in two sets of triplicate wells. Opsonised M1
influenza coated beads were added to half of the wells. After one hour, HLLA-restricted
M1-specific T cell hybridomas were added to the same wells. Supernatants were
collected at 24h. The other wells were incubated overnight with IPP, IL-2 and
irradiated B-LCL feeder cells. Opsonised M1 influenza coated beads and HLA-
restricted M1-specific T cell hybridomas were added the next day. Supernatants were
collected at 24h. Mouse 1L-2 production by the hybridoma was measured by ELISA.
The average for each set of triplicate wells in five separate experiments is shown. Lines
indicate pairing of cells isolated from the same donor PBMCs.

135



In this section, y8 T cells were probed for the expression of molecules required for antigen
uptake and presentation. There are three essential requirements for class II presentation.
The first is efficient antigen uptake (350). The second is synthesis of MHC class II
molecules as exogenous antigen acquired by the cell is processed and loaded onto empty
newly synthesised MHC class II molecules (351). The third is the presence on the APC of
molecules capable of delivering co-stimulatory signals required for T cell activation (352).
In humans, MHC class II molecules are encoded by three different loci, HLA-DR, -DQ
and —DP, the best characterised of which is HLA-DR. Specific a3 T cell activation requires
TCR stimulation by the cognate peptide-MHC complex and an accompanying second co-
stimulatory signal through the T cell receptor CD28 as TCR triggering in the absence of
co-stimulation can induce clonal anergy or T cell apoptosis (352). Physiologically, this could
be a mechanism for contraction of the expanded pool of antigen-specific activated af T
cells after clearance of the initiating antigen (304). Therefore, a professional antigen
presenting cell must express both MHC class II and co-stimulatory molecules, such as

CD80 and CD86.

To test for the presence of antigen presenting markers, vy T cells were isolated by MACS
from the same donor and separated into 3 samples. The first was stained straight after
isolation. The others were activated for 18h with IPP, I1.-2 and B-LLCL feeder cells, which
was previously reported to induce antigen presentation function in y6 T cells (233). One
of these two remaining samples was then exposed to IgG-opsonised M1 antigen beads for
2h30 and then both samples were stained. All samples were stained for the antigen
presentation markers HLA-DR, CD80 and CD86 and the possible antigen uptake receptor
CD16. This experiment was performed on two donors at different times, both times

yielding similar results. The results from one donor are shown in Figure 5.5.

As described before, freshly isolated y5 T cells from human peripheral blood expressed no
CD80 or CD86 (233). However, I found that in both donors a proportion of freshly
isolated y5 T cells expressed HLA-DR even before 7z vitro activation. Overnight culture
with IPP, IL-2 and B-LCL feeder cells increased expression of HLA-DR, CD80 and CD80,
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thereby inducing a mature APC phenotype in yd T cells, similar to other reports

(223;233;240).

CD16 was expressed on freshly isolated y8 T cells and was slightly increased after overnight
activation. Interestingly, shortly after stimulation with IgG-opsonised beads, the number
of CD16 receptors found on the surface of y6 T cells dramatically decreased. This suggests
that the receptor may be involved in the internalisation of the opsonised antigen coated
beads. However, a more conclusive experiment would need to test for CD16 in parallel
after incubation with both opsonised and non-opsonised antigen coated beads, and with a

larger number of donors.
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Figure 5.5 — CD16, class II antigen presentation markers and co-stimulatory

molecules on Y6 T cells

v T cells from one donor were stained with fluorochrome-conjugated antibodies against
yd TCR, CD3, HLA-DR, CD80, CD86 and CD16 at 3 different timepoints relevant to the
M1 antigen presentation assay and analysed by flow cytometry. y8 T cells were stained:
immediately after isolation from peripheral blood; after overnight incubation with IPP, IL-
2 and B-LCL feeder cells; and after overnight incubation with IPP, IL-2 and B-LCL feeder
cells and the further addition of IgG-opsonised M1 coated beads. The proportion of y8 T
cells expressing the different markers at each timepoint is shown.
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e 3T cells presented influenza M1 antigen acquired from IgG-opsonised M1 protein
coated beads on MHC class 11

e Presentation of M1 antigen on MHC class II was significantly greater for yd T cells

than for af3 T cells and NK cells, and less than for monocytes

e HILA-DR is present on a proportion of freshly isolated y& T cells but activation is

required to induce expression of the co-stimulatory molecules CD80 and CD86

This chapter describes evidence of class Il presentation by y8 T cells using opsonised
influenza M1 antigen coated beads and an Ml-specific HLA-DR restricted T cell
hybridoma. The experiments described in this chapter were replicated from earlier work
performed by a former member of the lab (223). In agreement with this previous work, y3
T cells isolated from human blood and cultured in the presence of IPP, IL-2 and B-LCL
tfeeders were able to present M1 antigen and activate CD4 T cell antigen-specific responses.
As in the previous work, this response was strongly inhibited by chloroquine, an inhibitor
of antigen processing, and by HLA-DR blocking, implying a requirement for productive
MHC-antigen/af3 TCR interactions to activate the CD4 T cell hybridoma.

A novel contribution of this chapter is the direct comparison of y3 T cells, a8 T cells and
NK cells in the same class 11 antigen presentation assay. This is important because both o3
T cells and NK cells can display some antigen-presenting function 7 vztro. When compared
side by side in the M1 model, y8 T cells were significantly better at class II M1 presentation
than either «f T cells or NK cells. NK cells did not significantly present M1 antigen when
isolated by depletion of non-NK cell types. Some antigen presentation was seen in NK
cells wells when these were isolated with CD56 beads which may be due to the presence

of small numbers of CD56+ HLA-DR+ CD11c+ cells in healthy donor PBMCs.

It should be noted that other authors have shown more potent antigen presentation by
human y6 T cells with different models. In the original report of Brandes et al (233), y& T
cells were found to induce the proliferation and differentiation of CD4 and CD8 T cells to
a similar extent as mature DCs. Also, Himoudi et al showed a similar extent of PAX-5
tumour antigen presentation between y3 T cells and mature DCs (246). The differences

found between the assay described in this chapter and the published findings should not
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be due to insufficient activation of y3 T cells as these were stimulated according to the
original protocol by Brandes et al (233) and express both HLA-DR and co-stimulatory
molecules (Figure 5.5). Therefore, differences could be due to the type of antigen presented
and therefore the route of antigen processing and presentation. For instance, different
antigens have separate requirements in terms of the proteases required to cleave them and

at what pH these enzymes are active (353).

Antigen presentation by human y8 T cells but not «f T cells could be partially due to a
greater responsiveness to activation induced MHC class II expression in y8 T cells. MHC
class II expression in af T cells reportedly happens days after T cell activation (320)
whereas for y8 T cells, the experiments in this chapter showed that a proportion of freshly
isolated yd T cells from healthy donors readily expressed MHC class 11 on their surface,
which was increased following overnight activation with IPP, IL-2 and B-LCL feeders. y5
T cells stimulated with IPP were shown in the first report of professional antigen
presentation by human y3 T cells to express levels of HLA-DR, CD80 and CD86
comparable to those of mature dendritic cells, whereas superantigen stimulated a3 T cells
did not (233). As in this report, I also found that the antigen presentation markers HLA-
DR and CD80/CD86 were upregulated in y8 T cells following activation with IPP, IL.-2
and B-LCL feeders. In effect, although activation of y6 T cells enhanced their antigen
presentation abilities, some presentation could be seen with freshly isolated y3 T cells but
not freshly isolated af T cells or NK cells. The results described in this chapter lend
support to the hypothesis that Vy9V32 T cells (the IPP responsive fraction of human blood
vd T cells) differ from of T cells and NK cells in their capacity to present antigen.

The next chapter attempts to contextualise antigen presentation by yd T cells by
investigating whether class II antigen presentation could follow cell-mediated cytotoxicity.
vd T cells are able to act as cytotoxic effectors against tumour or infected cells and are
generally not infected by HIV (354). Therefore, 1 investigated whether cell-mediated
cytotoxicity towards HIV infected cells can lead to antigen uptake and presentation in y&
T cells when it is triggered by CD16, a receptor implicated in both cytotoxicity and

phagocytosis processes.
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6 Cytotoxicity and antigen presentation by yé6 T cells in an HIV-1

model

e To investigate whether the ADCC receptor CD16 is present on freshly isolated yo
T cells from healthy donors and if so to characterise these CD16+ y8 T cells in
terms of expression of cell surface markers of T cell differentiation and whether
they belong to a separate subtype of CD3/y8 TCR expressing cells distinguishable
by flow cytometry

e To establish ADCC and antigen presentation models that are compatible with each
other in order to look for a functional link between antigen acquired from ADCC

targets and class II antigen presentation

e To investigate whether interactions between yd T cell cytotoxic effectors and

antibody-coated target cells can lead to target cell antigen acquisition by the effector

vo T cell

e Toinvestigate whether antigen acquired by effector y8 T cells from cytotoxic targets

can later be presented via MHC class II and activate antigen-specific a3 T cells

In the experiments described in this thesis I investigated the possible roles of y56 T cells in
phagocytosis and antigen presentation of exogenous antigen. In chapter 4 I examined the
ability of y6 T cells to phagocytose E. co/i as a model pathogen. In chapter 5 I examined
the ability of y6 T cells to present antigens in an influenza model. In this chapter I build
on this study of antigen presentation by y3 T cells by examining whether a functional link
exists between the well-established ability of y& T cells to carry out ADCC and the more
recently reported ability of y8 T cells to present antigens. The major experimental
approaches taken to address this question were the quantification of cell-mediated
cytotoxicity against antibody-coated HIV-infected target cells and the detection of class 11
presentation of HIV-1 reverse transcriptase (RT) antigen using an antigen-specific
hybridoma model. In this introduction I describe the theoretical background to these

approaches.
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The three major types of antigen-presenting cells are dendritic cells, macrophages and B
cells. These cells are specialised to initiate or promote the development of antigen-specific
T cell responses and are often called “professional antigen presenting cells” (355). Some of
the main features that distinguish them from other cells capable of class II presentation are
the abundance of receptors capable of binding and internalising exogenous antigen (350),
and the ability to deliver an additional signal that accompanies direct antigen presentation

and enhances and modulates the behaviour of the antigen-specific CD4+ o8 T cell (350).

Although o8 T cells are not generally thought of as professional APCs, reports of class 11
antigen presentation by o T cells date as far back as 1978 (303) and suggest that a8 T cells
express MHC class 11 during the later stage of the immune response approximately 3 to 5
days after T cell activation (320). Most reports seem to suggest that there are at least two
fundamental differences that distinguish «f T cell antigen presenting cells from
professional antigen presenting cells. The first is the lack of specific receptors for antigen
uptake in af T cells (350). The second is a much lower level of expression of co-stimulatory
molecules than professional APCs (357). These findings suggest that T cells may be
restricted in the type of exogenous antigen they can present by the receptors expressed on
their surface. For instance, class II antigen presentation in activated a3 T cells has been
reported with antigens that bind to receptors expressed on their cell surface, such as HIV-
gp120 that binds CD4 (305;308) but these cells were unable to present antigens taken up
by fluid phase pinocytosis (313). It is conceivable that these limitations may also apply to
class II antigen presentation in activated yd T cells, which has not been the subject of
extensive studies, and therefore that presentation may be limited to antigens that bind cell

surface receptors.

Although antigen presentation by «f T cells has been well documented (303-314), its role
in the immune system remains elusive. It has been suggested that «f3 T cell presentation
may help dampen the immune response during the contraction phase, after the pathogen
has been cleared. Evidence to support this is the delayed expression of MHC class II in
these cells 22 vivo, and the low levels of co-stimulatory molecules, since MHC class 11 antigen

presentation in the absence of a second signal can lead to anergy or apoptosis in the

responding CD4+ «f3 T cell (352).
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Brandes and Moser examined expression of APC molecules by human blood y8 T cells
(358). They reported that although infrequent in freshly isolated y8 T cells, 24h treatment
with the Vy9V62 agonist IPP in the presence of IL.-2 and B-LCL feeders induced levels of
APC molecules similar to mature DCs, including MHC class 11, and the co-stimulatory
molecules CD80 and CD86. The rapid upregulation of MHC class II and high expression
of co-stimulatory molecules suggest that the role of y6 T cell antigen presentation z vivo

may be different to that of antigen presentation by a3 T cells.

One possible interpretation of these findings can be taken from studies with another cell
type that shares many of its characteristics with y5 T cells, NK cells. y5 T cells and NK
cells are both cytotoxic lymphocytes with a well-characterised role in the killing of cancer
and virus or bacteria infected cells. Curiously, NK cells have been described to transiently
acquire APC features zz vitro in certain instances, which has been termed “presentation after
killing” (259). The expression of MHC class II and CD86 can be induced on NK cells after
72h co-culture with cancer cell lines. Interestingly, upregulation of APC markers happens
with cell lines susceptible to NK-cell lysis but not with cancer cell lines that evade NK-cell
receptor mediated recognition (258). This suggests a role for target cell lysis or NK-cell
receptor activation in the induction of a transient APC phenotype in NK cells. In addition,
cross-linking of the receptors NKp30, NKp36 and CD16 but not NKG2D with antibodies
also induces upregulation of MHC class II and CD86 on freshly isolated NK cells (258).
This data suggests that in NK cells, class II antigen presentation in the overall immune
response may be a temporally restricted phenomenon that takes place shortly after target
cell lysis. A similar situation is conceivable with antigen presentation by y8 T cells. A
number of target cell associated antigens will be available in the local microenvironment
tfollowing cell lysis, and these antigens may be taken up by the effector cell and later
presented via class II. The rapid upregulation and high levels of MHC class II and
CD80/CD86 reported by Brandes and Moser (358) suggest that antigen presentation by
activated y3 T cells may serve to amplify local antigen-specific CD4+ o T cell responses,
as opposed to contracting the expanded o T cell pool in the later phase of the immune
response. In addition, one of the critical steps for class II presentation is the uptake of
exogenous antigen. In this thesis, the Fcy receptor CD16 is hypothesised to be a possible

antigen uptake receptor in y& T cells.
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There is evidence to support a role for the Fcy receptor CD16 in professional antigen
presentation by yd T cells. In the original report by Wu et al, opsonisation of particulate
antigen enhanced antigen presentation function by y8 T cells, whereas incubation with
CD16 blocking antibodies before antigen pulsing decreased antigen presentation two-fold
(223). Fcy receptors are known to bind antibody coated antigen and this has been described
to lead to internalisation of the antibody-antigen complex and processing for antigen
presentation in macrophages and dendritic cells (359). Curiously, stable transduction with
a CD16 construct confers the ability to phagocytose to non-phagocytic CHO cells (302),
again supporting a role for this receptor in the internalisation of IgG coated antigen in non-
professional phagocytes. CD16 is best characterised as an antibody-dependent cellular
cytotoxicity (ADCC) receptor when expressed on NK cells, subsets of monocytes, y6 T
cells and cytotoxic a3 T cells. In ADCC, an infected or tumour target cell is recognised via
antibodies bound to its surface. Recognition of the tail region of the antibodies by CD16
receptors results in receptor clustering which activates a signalling cascade in the effector
cell that culminates with the release of cytotoxic molecules which lyse the target. In this
thesis it is hypothesized that CD16+ y3 T cells take up antibody coated exogenous antigen
and present it via class II. This chapter investigates whether CD16+ vy6 T cells can
internalise and present antigen from antibody coated target cells following cell-mediated

Cytotoxicity.

Although limited research is available in the literature on CD16+ y8 T cells, in «f T cells,
CD16 is often described as an activation marker and tends to be found on late stage
activated of3 T cells (289;360;361). Dieli et al (362) examined the T cell differentiation
markers and functional activity of freshly isolated human blood y8 T cells and described a
model for vy T cell differentiation. This model is reminiscent of the central memory and
effector memory model previously described by Lanzavecchia and colleagues for o3 T cells
which proposed that different subsets of memory T cells exist and can be distinguished on
the basis of their expression of the lymph-node-homing molecules CCR7 and CDG62L
(363). Naive a3 T cells circulating in the blood use CD62L to bind high endothelial venules
and CCR7 to migrate to lymph nodes. They also express the CD45RA isoform and the
costimulatory receptor CD27. However, after primary antigen encounter surface

expression of these two markers is switched off. CDG62L is rapidly lost and CD27 is
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downregulated at a slower rate. Successive differentiation stages can therefore be observed
in af T cells, as naive cells expressing CD62L, CCR7, CD45RA and CD27 lose expression

of these markers upon activation.

The reports of Dieli et al (153;362) and Angelini et al (159) showed that expression of
CD27 and CD45RA, migratory routes, and effector functions define four successive
differentiation steps for peripheral blood y8 T cells. Based on the expression of CD45RA
and CD27 on their cell surface, it is possible to distinguish naive y6 T cells (CD27+
CD45RA+), central memory y8 T cells (CD27+ CD45RA-), effector memory yd T cells
(CD27- CD45RA-) and terminally differentiated effector memory yd T cells (CD27-
CD45RA+). Naive yo T cells (Tnaive) are poorly represented in the blood of adult donors
but frequent in cord blood and adult lymph nodes (362). In addition to CD27 and
CD45RA, they express CD62L and CCR7 which allows them to home to secondary
lymphoid organs. Central memory y5 T cells (TCM) are the most common subtype in the
blood of healthy adults. They are generally non-effectors in terms of cytokine production
and cytotoxic activity. However, they are the subtype with the strongest proliferative
activity in response to antigenic stimulation (362). They can self-renew and give rise to both
TEM and TEMRA through either antigenic driven or IL-15 driven stimulation in the

absence of antigen, respectively (153).

Both types of effector memory y8 T cells are thought to home to inflamed tissue, as
opposed to secondary lymphoid organs and are concordantly negative for CD62L and
CCRY7 but positive for receptors for inflammatory cytokines such as CXCR3, CCR5 and
CCRG6. They were the only subtypes recovered from the ascetic fluid and cerebrospinal
fluid of patients with tuberculous peritonitis and tuberculous meningitis, respectively (362).
They have very low proliferative activity in response to antigenic stimulation. However,
they respond to infectious and cancerous insults in two complementary ways. Effector
memory y3 T cells (TEM) produce large amounts of IFN-y upon antigenic stimulation and
show very limited cytotoxic ability (159). Terminally differentiated effector memory y& T
cells (TEMRA) are highly cytotoxic against cancer cell targets but have limited cytokine
production potential in response to antigenic stimulation. They produce IFN-y upon CD16

cross-linking. They express a variety of cytotoxic cell markers including perforin, CD16,
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and receptors that are capable of detecting MHC class I expression on the surface of cells

such as CD9%4, NKG2A, CD158 and NKAT2 (159).

Therefore, this model would predict that the CD16+ y8 T cells that are hypothesized to
be capable of Fc-mediated phagocytosis and antigen presentation could be terminally
differentiated effector memory T cells (TEMRA). TEMRA v6 T cells are more susceptible
to apoptosis (153) and effector memory y3 T cell types have shorter telomeres than naive
or central memory y& T cells (362), which is suggestive of a larger number of previous cell
divisions. Therefore, this would suggest that these cells are short lived cells with limited
proliferative capacity, which could limit antigen presentation function in y3 T cells to cells
at the end of their life span and prevent autoimmunity. In this chapter, freshly isolated y3
T cells were stained for CD16 and T cell differentiation markers to investigate whether

they belonged to the TEMRA subset or any of the other subsets described in this model.

In this chapter, I described investigation of CD16 as a potential route of antigen entry for
MHC class II “presentation after killing” in y8 T cells by establishing an experimental
model consisting of y& T cells expressing CD16, HIV-1 infected target cells, an HIV-1
gp120 opsonising antibody and an antigen-specific CD4+ responder cell line. The
monoclonal antibody mab2G12 was used, which binds gp120 expressed on the surface of

HIV-1 infected cells and has been shown experimentally to induce ADCC (364).

Inducing ADCC against HIV-infected cells is one of the goals of current HIV vaccine
research (365) and y6 T cells from HIV elite controllers have been reported to be efficient
ADCC effectors (156). It should be noted however that in this thesis the HIV antigen
presentation model is used as a tool to test for class II antigen presentation following
ADCC and not to study the role of y& T cells in HIV infection. The af T cell pool in
humans has been estimated to respond to between 10¢ and 107 unique antigens (360).
Therefore, the frequency of af T cells specific for a given antigen in autologous CD4 T
cells will be very low. The number of y5 T cells that can be isolated from peripheral blood
is also limited. In light of these two factors, an antigen-specific CD4+ T cell line was
deemed more suitable to experimentally model y& T cell class 1 antigen presentation. We
had previously studied influenza M1 antigen presentation by y8 T cells using a hybridoma

model (223). In addition, the antibody mab2G12 had been well characterised as an ADCC-
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inducing antibody in HIV (364). Therefore, to study whether ADCC can lead to class 11
antigen presentation of target cell antigen by y3 T cells we obtained an HIV-1 hybridoma
and HIV-1 peptide control from the same authors that produced the influenza M1

hybridoma (340).

In the ADCC and class II antigen presentation model described in this chapter, mab2G12
was used to opsonise a chronically HIV-1 infected lymphoma cell line (H9 cells) in order
to trigger ADCC by y8 T cells. Monocytes from the same donors were used as a positive
control for presentation after ADCC. Circulating monocytes, as DCs and macrophage
precursors, exhibit several functions associated with antigen-presenting cells, such as
phagocytosis and presence of endosomal/lysosomal degradative compartments
particularly enriched in Lamp-1, MHC class II molecules, and other proteins related to
antigen processing and MHC class II presentation (367) and also express Fcy receptors,
including CD64 and CD32, and a significant subset expresses CD16 (368). They are
therefore ideally placed as positive controls to study Fcy-dependent antigen acquisition and

class II presentation.

To summarise, the experiments described in this chapter were designed to investigate a
functional link between professional antigen presentation function by y5 T cells and CD16-
mediated antigen uptake and ADCC. Following the hypothesis that the Fc receptor CD16
is involved in antigen uptake for presentation it was investigated whether a well-
characterised functional consequence of recognition of target cells by this receptor —
ADCC — correlates with antigen presentation by y6 T cells. In order to study this, an
experimental model was constructed using HIV-1 infected target cells, an opsonising
antibody previously shown to mediate ADCC, and an antigen-specific CD4 T cell
hybridoma that responds to HIV-1 RT, presented on MHC class 1.
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It is not known whether the professional antigen presenting function described previously
(233;246) for human blood y8 T cells is performed by all the y5 T cells present in the blood,
or a specific subpopulation. The previous authors suggested that VyoVa2 T cells
performed this function because the Vy9V382 TCR agonist IPP is used in the stimulation
protocol to induce APC maturation in y8 T cells. However, B-LCL cells and I1.-2 are also
used in conjunction with IPP in this stimulation protocol and therefore other y3 T cell
subsets other than Vy9V32 T cells may also be activated. In sum, little is known about the
vd TCR specificity of antigen presenting yd T cells. Interestingly, additional differences
other than TCR chain usage can be apparent in y6 TCR expression. When analysing y& T
cell populations by flow cytometry the presence of separate sub-populations with different
levels of expression of y6 TCR and CD3 can be seen. Whether these sub-populations have
disparate physiological functions is pootly understood but they have been mentioned
previously in y8 T cell literature (159;369). This section presents data regarding the presence
of distinct populations of y6 T cells in the blood which are apparent by flow cytometry

based on differential expression of y8 TCR and CD3.

Angelini et al reported on the cell surface markers expressed and functional activity
observed in V32+ cells in freshly isolated PBMC (159). They found that in some donors
two subsets of y3 T cells expressing different levels of TCR could be seen. They identified
the y8 TCRov subset as TEMRA and the y& TCRbigh as TEM. In accordance with their
distinct levels of TCR expression, the yd TCRPgh subset responded more strongly than the
vd TCRlov subset to stimulation with the Vy9V32 TCR agonist BrHPP, as evidenced by a
stronger induction of their ERK signaling pathway. Importantly, the y& TCR*Y subset
strongly induced ERK signaling upon activation through Fc receptor ligation with an anti-
CD16 antibody. The authors compared these two subsets to CD564im and CD56Prisht NK
cells, which are phenotypically classified as a more cytotoxic and a more cytokine producing
subset of NK cells, respectively (370). Angelini et al therefore described yd TCRPgh cells as
TCR-dependent helpers and y6 TCR*v cells as NK-like cytolytic effectors. y6 TCRlew NK-
like effectors also displayed phenotypic markers that suggested they were at a later stage of

T cell differentiation than the y8 TCRhigh cytokine-producing effectors based on the
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absence of CD27 and re-expression of CD45RA. A separate group had reported earlier
observations of healthy human PBMC stained with antibodies against y8 TCR and CD3
and analysed by flow cytometry (369). The authors observed two separate populations
double positive for these markers. The y6 TCRIY subset had a higher CD3 to TCR ratio
than the y6 TCRPigh subset. In addition, the y8 TCRIv subset was preferentially enriched in

V324 cells. No functional activity was investigated by these authors.

To investigate whether populations expressing different levels of y6 TCR could be seen in
this thesis, I constructed flow cytometry plots from different unrelated experiments, which
involved either gating of y8 T cells by flow cytometry or assessing the purity of y8 T cell
isolation processes (Fig 6.1). Different sub-populations of y8 T cells based on y8 TCR and
CD3 staining could be distinguished when the anti-yd TCR antibody clone B1.1 was used
(Figure 6.1, A-C) but not when the magnetic isolation kit containing the anti-yd TCR
antibody clone 11F2 was used (Figure 6.1D). The differences observed could be due to the
fluorochrome as clone B1.1 was conjugated to PE whereas clone 11F2 was conjugated to
FITC. Since PE has a higher stain index than FITC it is better at resolving two distinct
populations (371) which may explain the inability of the FITC conjugated antibody (clone
11F2) to detect distinct TCR levels in y8 T cell samples.

Whether the y6 TCRPMgh or the y6 TCRlW sub-population was more common varied
between donors but was constant in the same donors bled at different times (data not
shown). An enrichment of TEMRA CD8 T cells in the blood has been described in old
age and is thought to arise from persistent viral infections, notably CMV (372) so a similar
effect could be a contributing factor to a high frequency of y8 TCRlW cells in some
individuals. However, the vast majority of donors were 25-35 years old and no correlation
between age and the frequency of y8 TCRv cells could be observed (data not shown).
Intriguingly, in a few donors three separate sub-populations could be seen. The clearest
dot plots display an extra sub-population that was y5 TCR™edivm and expressed lower levels
of CD3 than the y5 TCRPigh and y8 TCRov cells (Figure 6.1A second plot and Figure 6.1C
tourth plot).

The y8 TCR*v subset had been previously described by Angelini et al to consist of CD16+
vd T cells (159). In the next section I describe the frequency of CD16 expression in y8 T
cells and sub-populations expressing different y5 TCR levels.
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Figure 6.1 — Separate y5 T cell populations identified by flow cytometry based on Y6 TCR versus
CD3 staining

Examples of y8 TCR versus CD3 dot plots on healthy donor samples stained with y3 TCR and CD3
antibodies taken from different experiments in this thesis. The samples were (A) fresh blood, (B) PBMC,
(C) y8 T cells FACS sorted from whole blood, or (D) y3 T cells MACS sorted from PBMC. A red circle

highlights y8 T cell populations. Anti-yd TCR antibody clone B1.1 for (A), (B) and (C). Anti-yd TCR
antibody clone 11F2 for (D).
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This thesis hypothesises that CD16 is an antigen uptake receptor for class II antigen
presentation by y6 T cells. However, there is disagreement in the field regarding CD16
expression on y3 T cells. Different groups have reported that y5 T cells from healthy donor
PBMCs express CD16 (159;160;223-225) while others have reported that they are negative
for the marker and need to be activated 7z vitro to induce expression (158;226) or that they
are associated with inflammatory conditions such as multiple sclerosis (224) and
inflammatory bowel syndrome (173). However, most reports studying the function of
CD16+ y8 T cells have used 2-4 weeks expanded yd T cell cultures, either to expand y8 T
cells to generate enough effectors to assay or because they are in the field of cancer
immunotherapy where it would be valuable to expand effectors to infuse back into the
patient and not because the initial population lacks CD16 (152;156). In this section, I
investigated the presence of CD16 on human blood y6 T cells in freshly isolated PBMCs

and additionally compared it with that of a8 T cells and NK cells in the same fractions.

PBMCs were isolated from 6 healthy donors and stained with antibodies against CD16,
CD3, yd TCR, o TCR and CD56. In this way 3 populations could be gated on and probed
for CD16 expression: y8 T cells (CD3+ y6 TCR+), o T cells (CD3+ o3 TCR+) and NK
cells (CD3- CD56+). It was found that donors were heterogeneous but that CD16 was
consistently expressed in a larger percentage of yd T cells than in o T cells from the same
donor (Figure 6.2A, right plot). Another interesting observation is that the number of
CD16 receptors expressed on the cell surface of y8 T cells was approximately an order of
magnitude lower than that for NK cells, as measured by mean fluorescence intensity (MFI)
(Figure 6.2A, histogram). Clemenceau et al found a similar difference in expression levels
when they compared CD16 expression in a3 T cells and NK cells from the blood of healthy
donors in a previous report (289). The physiological relevance of this phenomenon is not
understood but it is possible it could mislead researchers into misrepresenting CD16
fluorescence in T cells as unspecific staining. I used a matched isotype control and also
stained for NK cells in PBMCs from 6 healthy donors. On average 35.96% of y& T cells
(range 12.30 — 71.57%) compared to 3.73% of of T cells (range 0.53 — 7.54%) from the

same donors expressed CD16 on their cell surface. CD16 is therefore present on a
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proportion of freshly isolated y& T cells and so would be expected that were used

throughout the experiments described in this thesis.

As described in the previous section, y8 T cells from human PBMCs often contain more
than one subset of y8 TCR/CD3 double positive cells. CD16 has been previously ascribed
to the y6 TCRlv subpopulation (159). I plotted CD16 against y8 TCR expression to
investigate whether CD16+ y8 T cells belonged to this subset. In all donors I observed
CD16+ vy6 T cells segregated into one or two populations. The y& TCRbigh population
contained CD16+ cells in all donors (Figure 6.2B, 2 examples shown). However, most
donors also had a second separate population of CD16brigbt y3 T cells within the y& TCRIlow
population (Figure 6.2B, Donor 1). This cell population expressed levels of CD16 closer
to those expressed by NK cells and therefore likely corresponds to the NK-like cytolytic
effectors described by Angelini et al (159).

In conclusion, the CD3+ yd TCRPigh sub-population in healthy blood contains CD16+
cells but the CD3high y8 TCRIow sub-population can contain a separate distinct CD16bright
population. In the next section freshly MACS isolated y6 T cells were stained with
differentiation markers in addition to CD16 in order to investigate whether CD16+ y8 T

cells belong to the TEMRA subset.
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Figure 6.2 — CD16 is expressed on y6 T cells in human blood.

Freshly isolated PBMCs were stained with antibodies against CD3, y3 TCR, «f TCR and CD16 or
appropriate isotype controls. The samples were analysed for CD16 expression by flow cytometry in y8
T cells, aff T cells and NK cells to clarify whether CD16 is present on ex vivo y8 T cells from healthy
donors without iz vitro activation. (A) Left: Histogram depicting fluorescence in the CD16 channel for
gated lymphocytes: «f T cells in blue, y8 T cells in black and NK cells in red. A CD16+ gate is drawn
based on the isotype control. Right: Pooled data from the 6 donors showing variability of CD16
expression in ex viwo y3 T cells and o T cells. (B) Multiple distinct sub-populations of y8 T cells can be
discriminated in a single donor based on CD16 and the level of y8 TCR expression. Example from 2
donors. Left: PBMCs stained with CD3 and y3 TCR to show the presence of y3 T cell sub-populations
expressing different levels of y5 TCR within a single donor. Right: gated y8 T cells (black), gated o T
cells (blue) and gated NK cells (red) plotted in a CD16 x y8 TCR scatter plot to illustrate the distribution
of CD16 expression within different sub-populations of 5 T cells in the same donor.
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CD16+ o T cells in peripheral blood have been previously described as TEMRA (289).
TEMRA cells are thought to be late-stage activated T cells, with high effector function but
low proliferative potential. As was shown in the previous section, CD16 is expressed on a
significantly greater proportion of healthy peripheral blood y3 T cells than «f T cells. I
decided to investigate whether CD16+ y& T cells present in healthy blood had a similar

phenotype.

To investigate the phenotype of CD16+ y3 T cells, y8 T cells were isolated by MACS from
5 healthy donors PBMCs and stained for CD27, CD45RA and CD16. The majority
(56.70%) of freshly isolated y5 T cells were central memory T cells (Figure 6.3A) which is
not surprising as the majority of y6 T cells in the blood are thought to encounter their
cognate antigen very early in life (123). However, the frequency and distribution of effector

memory Yo T cell subsets was variable.

Dieli et al first reported that TEMRA y8 T cells were absent from healthy peripheral blood
and lymph nodes but abundant at sites of inflammation (153). However, the authors did
find TEM 8 T cells in the blood with frequencies of 26.5717.3% of y8 T cells in the 15
healthy donors tested. A later publication from Caccamo et al in the same group reported
on FACS sorted Tnaive, TCM, TEM and TEMRA y38 T cells from MACS purified y6 T
cells isolated from healthy PBMCs. The frequencies reported for the four subsets in the
ten healthy donors tested were 15+4% Thnaive, 46£10% TCM, 32£8% TEM and 7+2%
TEMRA (153). Angelini et al also studied TEM and TEMRA y3 T cells in healthy PBMCs
from 26 healthy donors (159). They reported a frequency of 0.001-0.04% TEM y3 T cells
and 0.003-0.3% TEMRA y8 T cells in PBMC so assuming an average frequency of 1% y3
T cells in PBMCs that would equate to 0.01-4% TEM and 0.03-30% TEMRA in y3 T cells.

In this thesis, the proportions of the four subsets of y6 T cells found in the 5 donors tested
were 9£6% Tnaive, 57£18% TCM, 19+13% TEM and 16+16% TEMRA. A high
variability in the distribution of effector memory y8 T cell subsets was also found as shown
in Figure 6.3A. One donor had predominantly TEMRA effectors (donor 1), two donors
had predominantly TEM effectors (donors 2 and 5), one donor had low frequencies of

both subsets (donor 3) and one donor had high frequencies of both subsets (donor 4).
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Angelini et al suggested that elevated numbers of TEMRA y8 T cells found in some donors
could be a consequence of subclinical infections or exposure to environmental pathogens
(159) and these cells have also been shown to be rapidly and specifically mobilised during
acute psychological stress (373). However, this thesis found that two out of five healthy
donors recruited for this study exhibited a high proportion of TEMRA 8 T cells (27.85%
and 37.44% of total y& T cells) so high variability in the basal frequencies of effector
memory y8 T cell subsets in the blood may be normal. Another possibility is that the
incidence of acute psychological stress among post-doctoral researchers is greater than in

the general population.

In this work, and in contrast to Angelini et al, it was found that CD16+ y5 T cells were as
likely to belong to the TEMRA subtype as to the TEM subtype (mean 24.48% for TEM
versus 27.35% for TEMRA) with wide donor variability for both (range 3.24-45.64% for
TEM and 7.18-72.23% for TEMRA) (Figure 6.3). CD16+ y3 T cells were also represented
in the TCM pool (mean 44.54%, range 8.19-83.45%). Both the data presented in Figure 6.3
and the reports by Dieli et al and Angelini et al relate to freshly isolated y& T cells from
human blood. However, most groups studying y6 T cells use cells expanded 7 vitro with
phosphoantigens. In expanded cultures, cytotoxic CD16+ cells have been reported to be
either TEM or a mix of TCM and TEM cells (152). In light of this variability, a greater
number of donors would need to be tested to discern accurate patterns for CD16

expression in y6 T cell subtypes.

The most striking observation for this experiment was that a discrete population of
CD27high cells in the Tnaive cell gate completely disappeared when gating on CD16+ y8 T
cells, in all donors. This population can be seen in Figure 6.3A in the upper right quadrants
but not in the CD16+ gated y3 T cells in Figure 6.3B. CD27 expression in Vy9V32 T cells
is associated with enhanced survival and proliferation upon activation (141), again
supporting the notion that CD16+ y38 T cells are more susceptible to apoptosis and have

little proliferative ability (153).

Overall, 44.53% of CD16+ vy6 T cells belonged to the TCM pool and 51.85% to the
effector memory subsets, whether TEM or TEMRA (Figure 6.3). This suggests that at least

half of CD16+ y3 T cells are readily available for immediate effector function after isolation
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from peripheral blood. Freshly isolated yd T cells are therefore able to exert immediate

CD16-mediated cytotoxicity and conceivably uptake of IgG coated antigen.

In the next section I describe experiments to investigate a connection between ADCC and

antigen uptake by yd T cells.
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Figure 6.3 — CD16+ y8 T cells present in the blood of healthy donors preferentially display an
effector memory T cell phenotype.

vd T cells were magnetically isolated from PBMCs from 5 healthy donors and stained with antibodies
against CD45RA, CD27 and CD16 to investigate their differentiation phenotype by flow cytometry. (A)
CD45RA and CD27 expression by flow cytometry on y8 T cells from 5 healthy donors. A graph with
pooled data is shown. (B) CD45RA and CD27 expression on gated CD16+ vy8 T cells from the same
donors. A graph with pooled data is shown.
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Engagement of target cells through the immunologic synapses of vy T cells (159;374), NK
cells (375) and CD8 of T cells (376) has been described to lead to the synaptic transfer of
target cell antigens to the effector cell. This could therefore be a mechanism by which
antigen can be acquired for class II presentation in NK cells and y8 T cells. In y6 T cells,
synaptic transfer of target cell antigens was more frequent in TEMRA cells than in any of
the other Tnaive, TCM or TEM subtypes which was explained by a greater ability of these
cells to engage targets and establish synapses as compared to the other subtypes (159).
Therefore, this suggests that CD16+ y8 T cells may be able to acquire target cell antigen

through interactions with opsonised target cells.

Acquisition of antigen from antibody coated targets was tested using an experimental
model in which Rituximab coated Daudi cells were used as ADCC targets. The reason for
using Daudi and not HIV-1 infected target cells as in section 6.4 onwards is that the glass
slides needed for microscopy are not suitable for use in a Category III laboratory due to
the sharps hazard they present. There are a number of reports in the literature that Vy9V62
T cells engage and lyse Daudi cells (156;377-385) and Rituximab mediates ADCC by y& T
cells towards these cells (152;156). Antigen acquired from lysed targets via CD16 could
then conceivably be presented by the effector y8 T cell via MHC class 11.

To evaluate whether antigen can be acquired through engagement of target cells via CD16,
v3 T cells and Daudi B-cell lymphoma cells were fluorescently labelled with CFSE and Dil,
respectively. Daudi B-cell lymphoma cells were then coated with the CD20-specific
antibody Rituximab which is known to induce ADCC towards Daudi (152). y8 T cells and
Daudi cells were co-cultured in the presence of the Vy9Vs2 agonist IPP which has been
shown to promote synaptic transfer by vy T cells (374). After 1h, the co-cultures were fixed
with paraformaldehyde and inspected by confocal microscopy. y6 T cells were probed for

the presence of Daudi cell fragments to observe whether target cell antigen can be acquired

during ADCC.

Figure 6.4 shows representative results of 3 healthy donors tested in parallel. Orange Daudi
fragments were visible on green-fluorescent y3 T cells. Two examples are shown on Figure

0.4A and 6.4B. One notable y3 T cell — Daudi cell interaction seemed to be mediated by a
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membrane nanotube (Figure 6.4B). Membrane nanotubes have been found connecting NK
cells and EBV-transformed B cells where they could traffic cell surface proteins over many
tens of microns (386). To the best of my knowledge this is the first time they have been
described in y8 T cells but this observation would need to be repeated as it was only found

once in all the images scanned.

On average, Daudi fragments were visible on 12.95% of y5 T cells (Figure 6.4C). Dimethyl
amiloride, a macropinocytosis blocker, was not able to significantly reduce Daudi cell
antigen acquisition by the yd T cells. However, incubation with cytochalasin D, a
phagocytosis blocker, significantly reduced uptake of Daudi fragments by y& T cells.
Interpretation of these results should take into consideration that cytochalasin D is also
known to reduce cell motility (387) and hence may reduce the number of y5 T cell — Daudi
contacts. Although in our experiment the frequency of y8 T cell — Daudi cell conjugates in
media and in media containing cytochalasin D was not statistically different (Figure 6.4C),
a previous publication had shown that the number of y8 T cells found in conjugates with
Daudi was significantly reduced from a mean of 77% to 20% by the same concentration

of cytochalasin D that I used in this experiment (374).

In conclusion, cell fragments, conceivably containing various target cell antigens, may
transfer between an antibody-coated target and an activated y5 T cell. It should be noted
however that although the data is consistent with this interpretation, it alone does not
provide sufficient evidence to draw strong conclusions. For instance, the dye used to label
the target cells is a general membrane lipophilic dye and could therefore transfer between
the membranes of the interacting cells without an associated transfer of target cell antigen.
A similar membrane dye was used in the original report of antigen transfer in yd T cell —
Daudi cell conjugates (374). Uptake of target cell antigen by the effector cell may be
detected if this antigen is then processed through the MHC class II route for presentation.
In addition, signals in the local microenvironment may promote maturation of the effector
cell into a functioning APC by promoting the expression of MHC class II and co-
stimulatory molecules. This hypothesis would equate actively cytolytic y8 T cells to actively
phagocytic immature DCs, which following antigen internalisation respond to cues in the
local microenvironment and mature into a professional APC phenotype and initiate

antigen-specific CD4 T cell responses.
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To evaluate whether antigen acquired from cytotoxic targets could be presented by the
effector y6 T cell, a model was established with opsonised HIV-1 infected cells as targets
and an HIV-1 RT specific CD4 T cell hybridoma as responder cells. The development of
this model and the resulting data on cytotoxicity and class II presentation by y& T cells are

explained in detail in the remainder of this chapter.
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Figure 6.4 — Target cell antigen may be acquired by y6 T cells through ADCC interactions

To investigate whether ADCC can result in target cell antigen acquisition by y8 T cells, effector: target co-
cultures were observed by confocal microscopy. Daudi cells were labelled with a yellow-fluorescent dye and
coated in Rituximab, an antibody known to promote y8 T cell ADCC towards Daudi. Daudi cells and
CFSE-labelled y8 T cells were seeded together in polylysine-coated slides in media containing IPP. When
indicated, the macropinocytosis blocker dimethylamiloride (DMA) was added at 250 uM or the
phagocytosis inhibitor cytochalasin D (Cyto D) at 5 uM to investigate the possible mechanism of antigen
acquisition. The cells were co-cultured for 1h at 37°C, fixed in PFA and sealed with a hard-set mounting
media. (A),(B) Interaction of y3 T cells (green) and Rituximab-opsonised Daudi cells (orange). White arrows
denote Daudi fragments visible on the y8 T cells. An asterisk denotes a structure resembling a membrane
nanotube between a Daudi cell and a y8 T cell. (C) Quantification of apparent Daudi fragments on y8 T
cells after co-culture. Results are the average of 3 healthy donors assayed in the same experiment.
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v T cells expressing the cell-surface receptor CD16 can be found in human healthy blood
as shown by Figure 6.2A in this thesis and in reports from a number of groups
(159;160;223-225). The presence of this receptor suggests that freshly isolated y56 T cells
are capable of recognising antibody coated cells and exerting ADCC. There are a number
of reports in the literature documenting ADCC by y8 T cells towards various cancer cell
lines including breast cancer (152), lymphoma (152), head and neck cancer (156) and
neuroblastoma (388), as well as primary follicular lymphoma (155). In addition, the report
by Wu et al showing class II antigen presentation in y5 T cells also supported a role for
CD16 in antigen presentation, as CD16 blocking prior to incubation with opsonised
antigen reduced antigen presentation two-fold (223). This section describes establishment
of an experimental model to investigate whether antigen acquired during ADCC can be

later presented on MHC class 1I.

In order to model ADCC and then probe for class II antigen presentation by the same cells
we acquired a responder hybridoma cell line that has been shown to respond specifically
to presentation of HIV-1 RT antigen on HLA-DR1*0101 (340). To complete this model
we acquired an HIV-1 infected cell line and a monoclonal antibody that has been shown
to mediate ADCC against HIV-1 infected cells. The human monoclonal antibody 2G12
(mab2G12) was isolated from an asymptomatic HIV-1 infected patient in 1990. Buchacher
et al immortalised B lymphocytes from the peripheral blood of this HIV-1 infected patient
using EBV transformation, making this antibody available for the wider HIV research
community (389). It was characterised as an anti-gp120 antibody, of the IgG1 isotype, with
broadly neutralizing activity against HIV-1 strains and an ability to mediate ADCC (364).

The ADCC-mediating mab2G12 was used to opsonise HIV-1 chronically infected H9 cells.
These cells then served as targets to investigate whether antigen was acquired and
processed onto MHC class II as a result of ADCC by y8 T cells. HIV-1 infection was first
confirmed by testing supernatants from the infected and uninfected cells with an HIV-1
p24 ELISA (Figure 6.5A). Binding of mab2G12 to the infected cell line was then tested by
flow cytometry. The antibody binds gp120 expressed on the surface of the HIV-infected
cells. The antibody specifically bound HIV-infected H9 cells but did not bind uninfected
H9 cells (Figure 6.5B).
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HIV-1 infected H9 cells opsonised with mab2G12 were then used as ADCC targets in the

experiments described in the rest of this chapter.
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Figure 6.5 — mab2G12 binds HIV-1 gp120 on the surface of HIV-infected targets.

To build an ADCC model, HIV-1 chronically infected H9 cells were chosen as targets and
the ADCC-mediating antibody mab2G12 as an opsonising reagent. (A) Supernatant from
chronically HIV-1 infected H9 cells and uninfected H9 cells was tested with an HIV-1
p24 ELISA to confirm infection. (B) HIV-1 infected H9 cells and uninfected H9 cells
were incubated with 10ug/ml of mab2G12 antibody to test binding of the antibody to the
target cells. The cells were then counterstained with a FITC conjugated secondary
antibody and HIV-1 gp120 expression was assessed by flow cytometry.
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In order to assess the ability of y3 T cells to engage with opsonised HIV-infected H9 cells
and exert ADCC, a non-radioactive assay to measure direct cytotoxicity and ADCC was
developed based on the previously published FATAL assay (390) and RFADCC assay
developed for mab2G12 (390;391). This flow cytometry based assay was used as an
alternative to the standard chromium release assay (392-397) due to the safety regulations
preventing the transfer of HIV-1 infected cells from Category III containment to a
laboratory rated for experiments involving radioisotopes. The assay uses targets labelled
with the lipophilic PKH26 fluorescent dye which after incubation with effectors are stained
with a fixable viability dye (Live/Dead Fixable Far Red, Life Technologies) to disctiminate
between live and dead cells (398). The pre-labelling of targets allows the operator to
specifically gate and assess lysis of these cells. The use of a fixable viability dye allows for
testing of biological hazard samples since paraformaldehyde fixation is required for the safe
flow cytometry of HIV-infected cells. Figure 6.6 describes the development of this flow

cytometry based assay.

To distinguish between live and dead target cells by flow cytometry, gates were set up using
live and dead controls which were included in each experiment. The dead control consisted
of a sample of PKH26-labelled target cells snap frozen in the absence of a cryoprotectant
to induce cell death and permeabilise the membrane thereby allowing the viability dye to
stain intracellular amine groups. Cell death was confirmed by trypan blue staining. This
control was used to draw a dead gate as pictured in Figure 6.6C. An unmanipulated sample
of PKH26-labelled target cells was also used as a live cell control. In Figure 6.6A and C we
see an overlap of the dead cell control in black and the live cell control in grey. It is clear
that the light scatter properties of the target cells change with cell death as the lysed cells
show a reduced forward scatter (FSC) (a measure of cell size) and increased side scatter
(SSC) (a measure of refractivity or granularity). Both dead and live target cells maintain
their membrane labelling and can be gated on using PKH26 fluorescence in the PE channel
(Figure 6.6B). After gating on PKH26+ events, live and dead cells can be discriminated
based on the brightness of the viability dye and the scatter properties of the cell (Figure
6.6C). Unlike non-fixable viability dyes such as PI and 7-AAD which bind to DNA and
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only permeate dead cells, fixable viability dyes bind to targets expressed on both the cell
surface and the intracellular milieu, and therefore stain both live and dead cells. The
distinction between live and dead is therefore based on the increased brightness of staining
that results from the dye permeating dead cells and not the presence or absence of staining
as in non-fixable viability dyes. The dead target cell gate was drawn based on live and dead

cell controls as shown in Figure 6.6C and was used to quantify target cell lysis.

Figures 6.6D, E and F show an example of an experiment well containing both effectors
and targets. Targets were gated on based on PKH26 fluorescence (Figure 6.6E) and then
probed for cell lysis by quantifying the % of cells in the dead cell gate (Figure 6.6F).

In order to validate the flow cytometry assay against the standard chromium release assay,
an experiment was performed in a Category II laboratory in which uninfected K562 cells
were used as targets and PBMCs were used as effectors. PBMCs were co-cultured in
parallel with both PKH26-labelled and chromium-labelled target cells. The effectors and
targets were cultured at varying effector to target cell ratios (E:T) for 4h in parallel. Lysis
of targets was then measured by quantifying chromium release or calculating the
proportion of cells within the dead cell gate as previously described. Specific lysis in the
chromium release assay was calculated according to the following formula, where
spontaneous lysis refers to wells with target cells in the absence of effectors and maximum

lysis refers to target cells in the absence of effectors in the presence of 1% Triton:

(Sample cpom—Spontaneous Lysis Control cpm)

% Specific Lysis = * 100%%

(Maximum Lysis Control cpom—Spontaneous Lysis Control cpm)

Specific lysis in the flow cytometry cytotoxicity assay was calculated by subtracting average
spontaneous lysis from sample wells. In this validation experiment, the chromium release
assay and the flow cytometry cytotoxicity assay both showed dose dependent specific
killing of target cells but the chromium assay appeared to be more sensitive as it detected
on average 60% higher lysis values than the flow cytometry alternative for the same effector

to target cell ratios (Figure 6.6G).

This result is not surprising considering that the chromium release assay measures a marker
released continuously during the 4h lysis period that accumulates in the supernatant

without significant decay whereas the flow cytometry assay only measures target cells still
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present at the end of the assay. Lysed target cells may degrade into cell fragments so would
not be present for counting at the end of the assay. Also, staining with fixable viability dyes
requires extensive washing steps which are likely to result in the loss of some target cells
unlike staining with non-fixable viability dyes such as propidium iodide (PI) and 7-amino-

actinomycin (7-AAD) which are added to the cell suspension before flow cytometry.

In conclusion, a cytotoxicity assay was developed that allows for the safe detection of target
cell lysis under Category III containment and this assay detected specific target cell lysis in
a dose-dependent manner. This assay was used in the following section to investigate y3 T

cell mediated cytotoxicity and ADCC against HIV-1 infected H9 cells.
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Figure 6.6 — Development of a non-radioactive flow cytometry based cytotoxicity assay.

K562 targets were labelled with PKH26 and co-cultured with PBMC at different effector to
target cell ratios before staining with a fixable viability dye. Unmanipulated targets and targets
snap-frozen in the absence of a cryoprotectant were used as control live and dead targets to
set up gates. (A) Light scatter overlay of control live (grey dots) and dead (black dots) targets.
(B) Gating of PKH26-labelled control targets. (C) Control live and dead targets were used to
draw a dead gate based on FSC and brighter staining with the fixable viability dye. This gate
was then used to probe for target cell lysis in assay wells. (D) Light scatter dot plot of PBMC
effectors and K562 targets. (E) Targets are gated on PKH26+. (F) The proportion of lysed
targets is quantified in the dead gate. (G) Comparison between this flow cytometry assay and
a standard chromium release assay performed in parallel with the same donor PBMCs and
K562 targets.
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In order to test whether target cell lysis via ADCC can lead to antigen acquisition and
presentation via MHC II, the flow cytometry-based cytotoxicity assay described in section
0.8 was used to investigate ADCC against the mab2G12 opsonised HIV-1 H9 target cells
described in section 6.7. The targets were coated with the mab2G12 antibody or isotype
control and co-cultured with or without effector cells for 4h. Target cell lysis was measured
using the flow cytometry-based cytotoxicity assay. Figure 6.7A shows one of two ADCC
experiments using freshly MACS purified y5 T cells or NK cells as effectors. Addition of
cither y8 T cell or NK effector cells did not significantly increase lysis of HIV-1 infected
HY cells (HH cells), either via direct cytotoxicity or ADCC. Essentially, no effector cell

function was detected.

ADCC is usually measured 77 vitro with freshly isolated PBMCs without any further
isolation steps and this ADCC activity is usually attributed to NK cells (173;399;400) since
these cells are the most frequent cells expressing Fcy receptors in PBMCs. PBMCs have
been shown to have lower ADCC activity after cryopreservation. However, if thawed
cryopreserved PBMCs are rested overnight this appears to restore their ADCC activity
(401). It is conceivable that if cells undergo both PBMC isolation by density gradient
centrifugation and positive MACS isolation this may negatively impact their ADCC
function. Therefore, in all the following experiments, MACS isolated cells were rested
overnight. Low dose IL-2 (100 IU/ml) was added to complete culture media to support

survival of NK cells and T cells.

Figure 6.7C shows representative plots of one of three independent experiments
investigating ADCC against the mab2G12 opsonised HIV-infected cell line using MACS
isolated effector cells that had been rested overnight. y8 T cells and NK cells from the
same donor were used. Both overnight cultured y8 T cells and NK cells were also tested
for expression of the Fc receptor CD16 by flow cytometry, and found to express the
marker on a significant proportion of cells (Figure 6.7B). There was statistically significant
direct cytotoxicity against the HIV-infected cell line for both y8 T cells and NK cells but

the addition of opsonising antibody had no significant effect on target cell killing.
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Binding of mab2G12 to the surface of the cell line had been previously confirmed using
the same antibody concentration that was used in this assay so insufficient opsonisation is
unlikely to be the reason for the observed lack of ADCC (Figure 6.5). A possible
explanation for this result is that high direct cytotoxicity against the leukaemia cell line
could be masking ADCC. To test this hypothesis, effectors were co-cultured with
uninfected H9 cells for 4h resulting in the lysis of 22.13% of H9 targets by yd T cells and
43.58% of HY targets by NK cells (Figure 6.8). For HIV-infected targets, co-culture with
v& T cells resulted in 9.14% lysis in the absence and 9.46% in the presence of opsonising
antibody. In co-culture with NK cells, there was 57.39% lysis of HIV-infected targets
without antibody and 58.66% in the presence of opsonising antibody. In this model, direct
cytotoxicity against the H9 cell line was very high and cell-mediated cytotoxicity in the

presence or absence of antibody could not be distinguished.

In previous publications measuring ADCC responses with mab2G12 and other antibodies
other investigators have used CEM.NKR as target cells (364;401;402). CEM.NKR is a
naturally isolated cell clone from the human T lymphosarcoma cell line CEM that is
resistant to natural killer (NK) cell-mediated lysis (403). NK cell-mediated lysis refers to
cytotoxicity induced by a variety of receptors first described in NK cells but also present
in CD8 T cells and y8 T cells (345). These receptors bind ligands expressed on the surface
of the tumour cells and include for instance NKG2D (61;404;405) and NKG2C (400).
Human y6 T cells kill a variety of tumour cell lines zz vitro, including leukaemia and
lymphoma, melanoma, neuroblastoma, and multiple types of carcinoma (407-410).

Therefore, the target cell used to measure ADCC must be carefully selected.

I next tested the mab2G12 - HIV-infected H9 cell model with the CD4 T cell hybridoma
that detects MHC class 11 presentation of HIV-1 RT, as investigating MHC class 11 antigen
presentation of target cell antigen by y38 T cells was the main goal of the work described in

this chapter. These experiments are described in the following concluding section.
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Figure 6.7 — Antibody-dependent cellular cytotoxicity was not detected with mab2G12 opsonised
HIV-infected H9 targets.

vd T cells and NK cells were isolated from PBMCs by MACS and used as effectors in a cell-mediated
cytotoxicity assay. HIV-infected H9 target cells were opsonised with mab2G12 at 10ug/ml to promote
ADCC. Human IgG1 was used as an isotype control. 10> effectors and 104 targets were co-cultured in
triplicate wells for 4h. Target cell lysis was quantified using the previously desctibed flow cytometry method.
(A) Target cell lysis after co-culture with freshly MACS isolated y5 T cells and NK cells. One representative
experiment out of a total of 2 is shown. (B) Expression of CD16 by y8 T cells and NK cells rested overnight
in complete RPMI with 100 IU/ml IL-2. (C) Tatget cell lysis by y& T cells (left panel) and NK cells (right
panel), rested overnight in complete RPMI with 100 IU/ml IL-2. y8 T cells and NK cells were assayed in
separate plates but are from the same donor. One representative experiment out of a total of 3 is shown.
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Figure 6.8 — y6 T cells and NK cells show high cell-mediated cytotoxicity against the
H9 lymphoma cell line

¥8 T cells and NK cells were isolated from PBMC by MACS, seeded at 105 cells/well in triplicate
and rested overnight in complete RPMI with 100 IU/ml IL-2. 10* uninfected or HIV-1 infected
HO cells were added per well after pre-incubation with 10 pg/ml mab2G1 or human IgG1. Target
cell lysis was quantified using the previously described flow cytometry method. One experiment
of a total of 2 is shown. Data was analysed with a two-way ANOVA and a Tukey’s multiple

comparisons test.
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Wu et al showed that blocking of CD16 on y8 T cells before incubation with opsonised
influenza antigen decreased subsequent MHC class II presentation of influenza M1 antigen
by y6 T cells two-fold (223). Therefore, the authors hypothesized that Fcy receptor

interactions could lead to antigen acquisition and class II presentation in y8 T cells.

To test for class II antigen presentation in the mab2G12-HIV-1 infected cells model,
monocytes were isolated from the blood of healthy HLA-DRB1*0101+ volunteers and co-
cultured with HIV-infected H9 cells or uninfected H9 cells in the presence of opsonising
mab2G12 antibody, isotype control or media alone. As a control for uptake and
presentation of particulate antigen, neat supernatant from the HIV-infected cell line
containing intact viral particles with HIV-1 RT was added to a number of monocytes wells
instead of target cells. To positive control wells, an HIV-1 RT peptide was added that
specifically activates the CD4+ 1ACD5 hybridoma cell line when bound to the outside of
empty MHC class II pockets in antigen presenting cells (340). Activation of the hybridoma
was measured by the release of mouse IL.-2 and not by proliferation as is used for primary
human CD4 T cells because the cell line divides very rapidly in culture even in the absence

of any stimulation.

Three independent experiments were performed, of which a representative example is
shown in Figure 6.9. Opsonised HIV-infected H9 cells were the most potent source of
antigen for presentation in monocytes. There was a statistically significant increase in MHC
class II antigen presentation of HIV-1 RT when target cells were coated with antibody
compared to in the presence of isotype control or media alone. No significant presentation
was observed when supernatant from infected cell cultures was added. These results
strongly suggest that IgG — Fcy receptor interactions can indeed increase productive HIV-

1 RT antigen internalisation or routing for MHC class 11 presentation.

Next, the same experiment was performed using y8 T cells instead of monocytes (Figure
0.10A). Freshly isolated y8 T cells were stimulated with IPP, IL-2 and B-LCL feeders to
mature into an APC phenotype as described previously (223;233). MHC class II and CD16
expression was confirmed by flow cytometry (Figure 6.10B). Very low MHC class 11
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antigen presentation of HIV-1 RT was consistently observed in four independent
experiments with y8 T cells, two of which were performed in parallel with monocytes from
the same donor. All of the supernatants in the y5 T cell wells were tested neat in a mouse
11.-2 ELISA. However, the levels of I1.-2 detected were low and the variation between
replicates means that no statistically significant conclusions could be drawn. Similar

conclusions were drawn using freshly isolated y& T cells tested in parallel with monocytes

(Figure 6.11).

Interestingly, the HIV-1 RT peptide positive control failed to activate the hybridoma cell
line in the y8 T cell experiments (Figure 6.10A) even though it strongly activated the
hybridoma in the monocyte experiments (Figure 6.9). Since the y6 T cell APCs could be
shown to express MHC class 11 by flow cytometry (Figure 6.10B), and the peptide control
relies on binding to empty MHC class II molecules on the outside of the cell, one possible
explanation is that the MHC class II molecules evident by flow cytometry on activated yo
T cells may not possess empty pockets. Empty MHC class 11 molecules are not present on
the surface of all MHC class 11+ haematopoietic cells. In the mouse at least, empty MHC
class IT molecules are found on the surface of dendritic cells but are absent from the surface
of B cells and macrophages (411). In humans empty MHC class II molecules expressed on
the cell membrane are progressively lost during monocyte to dendritic cell differentiation
(411;412). Empty MHC class II molecules bind peptides on the outside of the cell without
the need for processing and activate antigen-specific T cell lines and hybridomas (413).
Therefore, if y8 T cells activated for professional antigen presentation more closely
resemble mature than immature dendritic cells it then follows that the MHC class 11

molecules expressed on their surface may not be empty.
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Figure 6.9 — HIV-1 RT is presented by MHC class II in monocytes after co-culture with
opsonised HIV-1 infected targets.

It was hypothesized that antigen may be acquired by the effector cell during ADCC. To test whether this
antigen can be presented by MHC class II on the effector cell an antigen presentation assay was
developed using a HIV-1 RT specific, HLA-DRB1*0101-restricted CD4 hybridoma cell line. Monocytes
have been reported to act as APCs with this hybridoma cell line. To validate this assay, I magnetically
isolated monocytes from HLA-DRB1*0101 donors. 10> monocytes were co-cultured with 104 mab2G12
opsonised HIV-1 infected HY cells in triplicate wells. Alternatively, wells received either non-opsonised
HIV infected cells, uninfected targets, supernatant from HIV-1 infected and uninfected cultures, or an
HIV-1 RT peptide. After 4h, 105 HLA-DRB1*0101-restricted HIV-1-specific CD4 hybridoma cells were
added to all wells. Supernatants were collected at 24h and analysed for mouse IL-2 release by ELISA.
One representative experiment out of a total of 3 is shown. UNF = uninfected
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Figure 6.10 — Activated MHC class II+ y8 T cells did not present HIV-1 RT after co-culture
with opsonised HIV-1 infected targets

To test whether vy T cells can present antigen acquired through ADCC interactions, yd T cells were
co-cultured with HIV-infected targets and class II antigen presentation was assessed with an HIV-
specific CD4 T cell hybridoma. (A) y3 T cells were isolated from healthy donors by MACS and matured
into an APC phenotype in the presence of IPP, IL-2 and non HLA-DRB1*0101 B-LCL cells. 105 y8
T-APCs were then co-cultured in triplicate wells with 105> mab2G12 opsonised HIV-1 infected H9
cells. Alternatively, wells received either non-opsonised HIV infected cells, uninfected cells,
supernatant from HIV-1 infected and uninfected cultures, or an HIV-1 RT peptide. After 4h, 105
HLA-DRB1*0101-restricted HIV-1-specific CD4 hybridoma cells were added to all wells.
Supernatants were collected at 24h and analysed for mouse 1L-2 release by ELISA. One representative
experiment out of a total of 3 is shown. (B) Mature y3 T cells were stained with CD16 and MHC class
IT antibodies and tested by flow cytometry. UNF = uninfected
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Figure 6.11 - Comparison of MHC class II presentation of HIV-1 RT by freshly
isolated y6 T cells and monocytes from the same donor.

yd T cells and monocytes were isolated by MACS from PBMCs from HLA-DRB1*0101
donors. 105 freshly isolated cells were seeded per well and incubated with either 105 opsonised
HIV-1 infected H9 cells, peptide positive control or no antigen. After 4h, 105 HLA-
DRB1*0101-restricted HIV-1-specific CD4 hybridoma cells were added to all wells.
Supernatants were collected at 24h and analysed for mouse IL-2 release by ELISA. One
representative experiment out of a total of 2 is shown.
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e Effector memory and central memory CD16+ y3 T cells are present in freshly

isolated y8 T cells from healthy donors
e Target cell antigen may be acquired by cytotoxic y6 T cells through ADCC

interactions

e A flow cytometry-based alternative to the chromium release assay was established

to measure ADCC against HIV-1 infected cells

e Monocytes successfully presented HIV-1 target cell associated antigen on MHC
class II and presentation was significantly enhanced by opsonisation of the target

cells with an ADCC-mediating antibody
e No y3 T cell ADCC against HIV-1 infected cells was detected

e No y3 T cell MHC class II presentation of HIV-1 target cell associated antigen was

detected

The role of y8 T «cells as cytotoxic effectors is well-documented iz wvitro
(126;147;148;151;152;155-157;379;414-417) and supported by 7z vivo evidence in a murine
cutaneous tumour model (145) and in humans in cancer clinical trials in advanced renal cell
carcinoma and hormone-refractory prostate cancer (418;419). The experiments described
in this chapter investigated whether antigen from cytotoxic target cells could be acquired
via NK-cell receptors such as CD16 expressed on y6 T cells and later presented on MHC
class II to CD4 T cells. CD16 was hypothesised to be a candidate receptor for antigen
uptake in y5 T cells as it mediates phagocytosis in human macrophages and a subset of
monocytes (420-422) and it can mediate phagocytosis when transduced into the non-

phagocytic CHO cell line (302).

Previous reports in the literature disagree on whether the Fcy receptor CD16 is
(159;160;223-225) or is not (158;226) present on peripheral blood y6 T cells in healthy
donors. In this chapter, freshly isolated yd T cells were tested for expression of CD16. In
agreement with most of the reports in the literature, an average of 35.96% of y6 T cells
(range 12.30 — 71.57%) compared to 3.73% of a3 T cells (range 0.53 — 7.54%) from the six
healthy donors tested expressed CD16 on their cell surface (Figure 6.2A).
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CD16+ y3 T cells were also examined for levels of TCR expression and the presence of T
cell differentiation markers. A previous report by Angelini et al (159) that examined CD16
expression in y8 T cells from freshly isolated PBMCs in twenty-six healthy donors,
suggested CD16+ y8 T cells could express low levels of TCR and exhibit TEMRA T cell
differentiation markers. In the experiments described in this chapter, CD16+ v T cells
were found in both the y6 TCRPigh and yd TCRI°v subsets but the latter contained brighter

CD16+ cells in most donors, in agreement with Angelini et al.

Studies documenting TEMRA a8 T cells suggest that CD8+ TEMRA accumulate with old
age (423). CD8+ TEMRA respond rapidly to cytokines and express high levels of the IL-
15 receptor but have a lower ability to proliferate, a lower resistance to cell death, and
express lower levels of the anti-apoptotic Bcl-2 molecule, as compared to naive, central
memory and effector memory CD8+ T cells (424). They are thought to be generated from
a TCM subset upon homeostatic proliferation in the absence of antigen and migrate
preferentially to inflammatory sites (424). Similarly to the previous studies on CD8+ o T
cells, Caccamo et al showed lack of proliferation in TEMRA y8 T cells upon TCR
stimulation with phosphoantigen and 1L.-2 (153). These cells did divide in response to 1L-
15 alone but did not accumulate in culture due a high rate of cell death and correspondingly
low expression of the anti-apoptotic Bcl-2 protein. These results suggest that TEMRA y3
T cells are more susceptible to apoptosis than the other y6 T cell subsets. Therefore, if
CD16+ y3 T cells do belong exclusively to the TEMRA phenotype then they would be
expected to be short-lived cells, relatively rare, and with a low proliferative capacity and
therefore difficult to expand 7 vitro for larger studies on CD16-mediated phagocytosis and

antigen presentation by y6 T cells.

In this work, it was found that CD16+ y6 T cells were as likely to belong to the TEMRA
subtype as to the TEM subtype (mean 24.48% for TEM versus 27.35% for TEMRA) with
high donor variability for both (range 3.24-45.64% for TEM and 7.18-72.23% for TEMRA)
(Figure 6.3). In addition, CD16+ vy6 T cells were also represented in the TCM pool (mean
44.54%, range 8.19-83.45%). These findings were therefore not in agreement with Angelini
et al’s previous report suggesting that CD16 can be used experimentally to discriminate
TEMRA v8 T cells from the other Tnaive, TCM and TEM y3 T cell subsets (159). The
presence of different differentiation phenotypes on CD16+ y3 T cells from different

179



donors may affect the outcome of experiments testing for functions such as phagocytosis,
ADCC and antigen presentation of IgG-coated targets. For instance, TEM y8 T cells have
been described to have a preference for cytokine responses over cytolytic responses
whereas the opposite was found to be true for TEMRA y8 T cells (153;159). Functional
responses following CD16 ligation could also differ between the two effector subtypes.
For example, 7z vivo CMV-expanded y3 T cells from transplantation recipients with CMV
infections have been found to express CD16 but interaction with IgG-opsonised CMV
infected targets resulted in IFN-y production rather than ADCC (160), suggesting that the
CMV-expanded y6 T cells could have belonged to the TEM subset.

One difference between the experiments described in this chapter and the reports of
Angelini et al (159) and Caccamo et al (153) is that I first gated using a pan-yd TCR antibody
whereas these authors first gated on Vy2+ cells. Vy2+ cells reportedly make up the vast
majority of y6 T cells in healthy adult peripheral blood (83;84) and so it would be difficult
to conclude that CD16 expression in TEM and TCM y3 T cells is largely accounted for by
non-Vy2+ subsets. Other subsets of y8 T cells include V581+ cells or the less well studied
V334 cells which have both been implicated in protective responses against herpes viruses
such as CMV (73;77-82). The predominance of Vy2+ cells in adult life is thought to be
shaped by the encounter of Vy9V82 antigens in early life (86). These antigens are found in
many pathogenic and commensal bacteria (87). However, an environment in which other
non-Vy2 v TCR antigens were prevalent could shape the y5 TCR repertoire in a different
way, and a predominance of non-Vy2 subsets has been described in a study of healthy

adults in Ghana (85).

Overall, the phenotyping studies described in this chapter demonstrate that effector
memory and central memory CD16+ y3 T cells are present in freshly isolated y6 T cells
from healthy donors. Therefore, the freshly isolated y3 T cells used throughout this thesis
contain cells readily available for immediate effector function including CD16-mediated

cytotoxicity and conceivably uptake of IgG coated antigen.

In order to investigate the acquisition of antigen from IgG opsonised target cells by y8 T
cells, microscopy experiments were set up using Rituximab-coated Daudi cells as targets

instead of mab2G12-coated HIV-1 infected H9 cells due to the sharps hazard presented
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by glass slides in the presence of infectious HIV-1. I was interested in whether previously
published results documenting Daudi cell antigen uptake by IPP-activated y6 T cells could
be replicated (374). y8 T cells recognise and kill Daudi cells via recognition of heat shock
proteins (hsp60) on the surface of Daudi cells via the Vy9V82 TCR (377;378) and have
also been shown to recognise and kill Daudi cells coated with Rituximab, an anti-CD20
monoclonal antibody, via their CD16 receptor (152). Daudi cells and y& T cells were
fluorescently labelled and co-cultured in microscopy slides. Fluorescently labelled Daudi
cell fragments were found in a proportion of y8 T cells (Figure 6.4). This was partially
blocked by cytochalasin D, a drug that blocks actin polymerisation consequently preventing
active cell movement. This suggests acquisition of Daudi cell fragments was not a passive
phenomenon and likely involved either cell-cell contact or an active membrane remodelling
process such as in receptor-mediated internalisation of antigen. These results agree with

previously published data (374).

The fate of the acquired antigen in the cytotoxic effector y8 T cell is not known. The use
of a lipophilic dye in both this and the previously published study (374) means there is a
possibility of passive dye transfer between membrane lipids during cell-cell contact.
However, another possibility is that antigen could indeed be acquired by the effector y8 T
cell and enter the exogenous antigen presentation pathway. There is some evidence to
suggest that NK-receptor mediated lysis of influenza-infected cells can result in the
acquisition of hemagglutinin by NK cells and subsequent induction of specific T cell

proliferation through NK cell antigen presentation (258).

Therefore, a model was developed in which antigen acquired through interactions between
IgG opsonised targets and CD16 on y8 T cells could be detected on MHC class 11 (Figures
0.9-6.11). This model was developed using HIV-1 infected H9 target cells, the mab2G12
monoclonal antibody, and the 1ACD5 HIV-1 RT-specific T cell hybridoma, to allow for
testing of cell-mediated cytotoxicity and antigen presentation using cytotoxic effector cells
as APCs. In addition, a flow cytometry alternative to the chromium release assay was
adapted from previously published assays (390;391) to measure cell-mediated cytotoxicity
of HIV-1 infected cells in Category III containment. The experiments were able to detect
cell-mediated cytotoxicity by y8 T cells and NK cells but not ADCC (Figures 6.7-6.8). This

result may have been caused by these particular target cells being highly susceptible to
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recognition and killing triggered via cytotoxicity receptors other than CID16. It is possible
that target cells were recognised via ADCC interactions but that ADCC was in direct
competition with other NK-receptor recognition mechanisms. CEM.NKR cells have been
infected by HIV-1 and used to detect ADCC with the mab2G12 antibody because they
have a low background susceptibility to cytotoxicity via NK receptors (364). Therefore, an
improvement to the model described in this chapter would be to acquire CEM.NKR cells
and use the supernatant from HIV-infected H9 cells to infect them to then use HIV-
infected CEM.NKR cells as ADCC targets and a source of antigen for subsequent antigen

presentation assays.

The HIV-1 RT model was used to test for class II presentation of the target cell associated
antigen following a 4h co-culture of effectors and targets in the presence or absence of
target cell opsonising antibody. MHC class II presentation of HIV-1 RT antigen was
detected in monocytes and was greatly enhanced when the target cells were coated with
antibody (Figure 6.9) suggesting that antibody coating successfully promotes productive
HIV-1 RT antigen internalisation or routing for MHC class 11 presentation. However, no
class II presentation of HIV-1 RT by y5 T cells could be detected (Figure 6.10-6.11). This
was the case for both y8 T cells that were pre-cultured overnight with IPP, IL.-2 and B-
LCL feeder cells in order to induce maturation of a y8 T-APC phenotype
(223;233;244;246;247) and for freshly isolated yd T cells. Nearly all yd T-APCs expressed
MHC class II as detected by flow cytometry (Figure 6.10).

Although presentation of HIV-1 RT by y8 T cells was not detected in this model, there
have been reports of professional antigen presentation by this cell type. Brandes and Moser
tirst reported MHC class II presentation of tetanus toxoid (T'T) and Mycobacterium
tuberculosis purified protein derivative (PPD) (233) and our own group then described
MHC class II presentation of M1 influenza protein (223). There have also been reports of
cross-presentation of influenza (247) and the PAX-5 cancer antigen (246). HIV-1 RT may
have a particular biochemical property which prevents it from being significantly presented
by y6 T cells, for instance a pH-dependent enzyme might be required to process it for
presentation and the necessary level of acidification of the phagosome may not be available
in antigen presenting yd T cells. In agreement with this, Meuter et al found that y& T-APCs

display delayed endosomal acidification and antigen proteolysis after FITC-BSA
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endocytosis compared with monocyte-derived DCs and suggested that these conditions
could favour cross-presentation as opposed to MHC class II presentation of exogenous

antigen (247).

Overall, the results from this chapter do not support the hypothesis that ADCC can lead
to antigen uptake and class II presentation in yd T cells. Class II antigen presentation by
monocytes was significantly increased in the presence of opsonising antibody but no
significant class II antigen presentation of HIV-1 RT antigen could be detected for y8 T
cells under the same conditions. Although y6 T cells express receptors such as NKG2D
and CD16 that allow them to interact with tumour and infected cells and IgG-coated
particles, they might be restricted in the type of antigen that can be presented due to
differences in their ability to process particular antigens as compared to professional

antigen presenting cells.
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7 Discussion

The discovery of T and B cells dates back to the seminal work of JFAP Miller who first
demonstrated in 1961 the essential role of the thymus in immune function by showing that
mice thymectomized immediately after birth had pootly developed lymphoid tissues,
impaired immune responses and a high susceptibility to infection (425). He ultimately
proposed the existence of two major subsets of lymphocytes in mammals, bone marrow-
derived antibody-producing cells and thymus-derived helper cells (426;427). At this time
there was a great interest in transplantation and in the immunological basis for graft
rejection. Later advances demonstrated MHC restriction in T cell effector function
(428;429) and revealed the basis of TCR diversity through the cloning and analysis of the
genetic organization of the TCR § chain (430-432). It was unknown how T cells depended
on the appropriate MHC being expressed by the target cell until a landmark paper by
Bjorkman et al in 1987 which presented the first crystal structure of an MHC protein (433)
leading the authors to postulate that TCR engages the peptide-binding groove of MHC
along with bound peptide (434). These advances paved the way to a flurry of research on
T cell function, including the molecular basis for T cell activation (352), the identification
of different T cell subsets based on different effector functions (435;430), the stages of T
cell development in the thymus (437;438), the development of tolerance towards self (439)

and the induction and maintenance of T cell memory (440).

However, all these studies on T cell function relate to a8 T cell function. The cloning of
the y chain of the TCR in 1984 (53) led to the discovery of y T cells but did not generate
as much interest as af T cells as these cells were rare, their immunological function was
poorly understood, and they were not restricted by MHC. Therefore, despite 30 years of
study, many aspects of y5 T cell biology remain elusive. It appears that y6 T cells stand
somewhere at the interface between af3 T cells and NK cells in terms of their function.
Like NK cells, y8 T cells rapidly produce cytokines upon recognition of conserved
microbial and endogenous danger signals, and they are potent killers of infected and
tumour cells. Like «f3 T cells, they carry variable antigen receptors that are generated from
rearranged gene segments coding for variable (V), diversity (D), joining (J) and constant
(C) genes. y8 T cell receptors (TCRs) are highly limited in their diversity when compared

to «f3 TCRs and many recognise conserved molecules similarly to pattern recognition
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receptors. Similarly to aff T cells, y8 T cells exhibit immunological memory, as antigen-
experienced v T cells remain after a primary infection and respond more rapidly to a
second challenge with the same pathogen (130;441-443). vy T cells are therefore unusual
in that they combine expression of adaptive immune receptors with rapid innate-like
responses. Interestingly, the tripartite division of the adaptive immune compartment into
aff T cells, y8 T cells and B cells seems to be highly conserved among jawed vertebrates
and a similar tripartite division is present in primitive jawless vertebrates such as the
lamprey (58). This high degree of conservation suggests that a tripartite organisation may
be optimal for adaptive immune function. Therefore, even though at first glance most of
the functions performed by y8 T cells overlap with a3 T cells and NK cells, they may have

unique roles in immunity that elude us at present.

The work described in this thesis follows on from two interesting publications describing
novel dendritic cell-like properties of human blood y8 T cells. In 2005, Brandes et al (233)
were the first to report professional antigen presentation function by 7 vitro activated
human blood y6 T cells. Wu et al (223) then described professional phagocytosis and
antigen presentation in these cells. Although no contradicting reports have subsequently
been published, the hypothesis that y3 T cells are professional phagocytes and professional
antigen presenting cells remains controversial in the field. One of the difficulties is that it
is not always obvious how to translate 7z vi#ro findings to an understanding of the immune
system as a whole. Additionally, the word “professional” is largely qualitative in this context
so it is difficult to objectively determine whether or not y8 T cells are professional

phagocytes or professional APCs.

The word “professional” in professional phagocytes or professional antigen presenting
cells is used to convey information about the role that we believe these cells have in the
overall immune response. The main role that professional phagocytes perform 7z vivo is to
capture and destroy bacteria and dead cell debris. Typically, this “professional phagocytes”
category would include neutrophils and the cells of the mononuclear phagocyte system
such as monocytes, macrophages and immature dendritic cells. Upon phagocytosis,
immature dendritic cells undergo maturation and migrate to draining lymph nodes, where
they present the exogenous antigen they acquired to antigen-specific af T cells, thereby

linking innate immune function — phagocytosis — with adaptive immune function — antigen-
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specific responses. B cells also capture and present antigen at lymph nodes to antigen-
specific af3 T cells, and macrophages phagocytose and present antigen at other tissue sites
where they reside. Dendritic cells are the initiators of adaptive immunity as they are thought
to be the only APC capable of activating naive T cells. B cells and macrophages activate
effector and memory T cells. Together, dendritic cells, B cells and macrophages orchestrate
the antigen-specific immune response and are called “professional antigen presenting

cells”.

In order to advance our understanding of phagocytosis and exogenous antigen
presentation via class II in y8 T cells beyond the previous reports that described these
phenomenon largely qualitatively, the experiments described in this thesis were designed
to quantify these activities in y5 T cells and to compare them with other cells of the immune

system.

In the work described in this thesis, phagocytosis by y5 T cells was quantified by a number
of methods using microscopy, flow cytometry and microbiology techniques. Although
phagocytosis by y8 T cells could be detected using these methods, the number of
phagocytosing cells was small and not significantly different from o3 T cells and NK cells.
The numbers of y8 T cells found to phagocytose varied from approximately 1 in 67 cells
to 1 in 40 cells but since y8 T cell isolation typically results in purities of 96-98%, 1 in 25
cells to 1 in 50 cells could have been non-yd T cell contaminating cells. The combination
of apparently low phagocytic activity by y8 T cells and the presence of contaminating cell
types means that the true number of phagocytic y3 T cells is difficult to discern. An assay
using whole blood did result in statistically significant numbers of y& T cells found to
phagocytose, at an average frequency of 12% of yd T cells. These phagocytic yd T cells
additionally produced reactive oxygen species upon bacterial engulfment. However, these
phagocytic y5 T cells could only be isolated to a low purity (6.25%) with strong granulocyte
contamination (54.69%) found in the phagocytic CD3+ y8 TCR+ FACS sorted fraction.
Hence, these results would need to be confirmed by repeating the same experiments but
additionally including an exclusion marker for granulocytes such as CD15 or by using
PBMC fractions instead of whole blood, since these are typically depleted of granulocytes.
Light microscopy inspection of the FACS sorted fractions following staining with

haematology stains revealed an unusual morphology, with the largest group of FACS sorted
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phagocytic CD3+ y8 TCR+ cells composed of cells with multi-lobed nuclei, again
suggesting the contamination of this fraction with granulocytes. Interestingly, previous
reports in the literature had suggested the presence of a small proportion of y6 TCR+ cells
in the granulocyte fraction of healthy white blood cells. I investigated whether a y8 TCR
could be found in granulocytes by flow cytometry and Western blot but did not find any
evidence of such. These results highlight the fact that the research of rare cell phenotypes
is made difficult by the technical limitations of the experimental techniques available. In
particular, cell separation procedures do not yield 100% purities and fluorescence-based
methods can be confounded by cell types with strong autofluorescence. Importantly, the
lower the frequency of the cell population of interest the higher the statistical impact that

these factors could have on the resulting data.

In my opinion the levels of phagocytosis found experimentally in y8 T cells indicate that
they do not warrant the “professional” phagocyte label as professional phagocytes tested
in parallel such as monocytes were consistently much more efficient at phagocytosis than
v T cells. For instance, monocytes phagocytosed bacteria 24-fold more frequently than yd
T cells in a blindly-scored microscopy assay, and required 100-fold less bacteria than y& T
cells for phagocytosis to be detectable in a gentamicin protection assay. Although there
have been no further reports of phagocytosis by yé T cells in the literature since the
beginning of the work described in this thesis, there have been novel reports of
professional antigen presentation performed by iz vitro activated y8 T cells (244;246;247).
Therefore, since antigen uptake is a pre-requisite for antigen presentation it could be tested

in in vitro activated y56 T-APCs as a future avenue of research.

In further work described in this thesis I investigated class II antigen presentation by
human blood y8 T cells. The results described in this thesis support the earlier findings of
Wu et al (223) by replicating MHC class II antigen presentation of influenza M1 by y6 T
cells. In addition, y6 T cells were compared with other immune cells in their ability to
present via class I1. y8 T cells presented significantly more antigen than o3 T cells, NK cells
and less than monocytes tested in parallel. In addition, they upregulated the APC markers
MHC class II, CD80 and CD86 after overnight activation with the Vy9V82 TCR agonist
IPP and IL-2, in the presence of B-LCL feeders. Therefore, this thesis supports the notion

that y8 T cells are capable of MHC class II antigen presentation to o3 T' cells.
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The requirements for antigen presentation by yd T cells are not fully understood. A
transcriptome analysis reported by Pont et al (251) found that APC markers were not
expressed by human blood y8 T cells after IPP and IL.-2 activation, which suggests a critical
role for B-LCL help in the maturation of yd T cells into an APC phenotype. In culture, y
T cells form tight clusters with B-LCL cells (444). It is therefore likely that these cells
provide critical cues that induce the maturation of y8 T cells, which may be triggered by
cell surface receptor interactions or soluble mediators. Whether a different feeder cell type
would be able to support a y8 T-APC functional switch has not been explored but it would
be important to research the signals that govern y6 T-APC maturation in order to
understand the timing and location of class II antigen presentation by y3 T cells in the
overall immune response. The rapid kinetics of y3 T cell activation suggest that antigen
presentation function by this cell type may take place shortly after activation during an
immune response, contrary to o T cells, which upregulate APC markers more slowly
(320). Therefore, y8 T cell antigen presentation could serve to potentiate the immune

response as opposed to dampening it during the later contraction phase.

During my experiments I detected class II antigen presentation by freshly isolated y& T
cells whereas previous authors had only tested class II antigen presentation in y8 T cells
activated 7z vitro with IPP, 1L.-2 and B-LCL feeders. It is possible that the cross-linking of
Fey receptors expressed on the freshly isolated y6 T cells with IgG-opsonised antigen-
coated beads could activate the y8 T cells to upregulate MHC class II and therefore
potentiate antigen presentation by these cells. There is evidence that Fcy receptor cross-
linking on y8 T cells can lead to IFN-y (155;159;160) production by these cells, and IFN-y
potently induces the expression of MHC class 1I genes in most cell types (445). Similatly,
activation via NK cell receptors has been previously reported to upregulate APC markers

in NK cells, endowing them with a transient ability to present antigen via class II (259).

It is conceivable that the local microenvironment at an infection site or tumour site could
stimulate the induction of an APC phenotype in y8 T cells (and perhaps NK cells) through
the interaction of these cells with antibody-coated targets and NK receptor ligands. This
APC function may be a short-lived phenomenon but may nonetheless contribute to the
clearing of infection by promoting local antigen-specific CD4+ of T cell responses.

Accordingly, Himoudi et al showed that the removal of the antibody coated target cell
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reverted the induction of the co-stimulatory molecules CD80 and CD86 in antigen
presenting vy T cells (2406). In addition, ex zivo data tracking the phenotype of bovine y8 T
cells over the course of a foot-and-mouth virus infection described high cytotoxicity and
acquired MHC class II antigen presentation function during the acute phase of infection
(260). y8 T cell cytotoxicity and MHC class II expression peaked at day 2 post-infection,
and MHC class II antigen presentation was highest at day 3. However, by day 5 post-
infection, y& T cells were found to have lost their antigen presenting ability together with
MHC class II expression. It is possible that y& T-APCs had migrated to draining lymph
nodes and were therefore not found in the blood samples collected at that point. However,
a different interpretation, which is also in agreement with Himoudi et al’s data, is that it is
the continuous stimulation at the local infection or tumour tissue that stimulates an APC
phenotype in cytotoxic effector cells. Therefore, class 11 antigen presentation by these cells
may take place locally as migration to draining lymph nodes would result in the loss of

continuous contact with target cells which may be required for the maintenance of an APC

phenotype.

In this thesis it was hypothesised that the ADCC receptor CD16 might be able to mediate
antigen uptake and promote APC maturation in y8 T cells. Therefore, experiments were
designed in order to investigate whether a correlation between ADCC and MHC class 11
antigen presentation by yd T cells could be detected. ADCC was measured by co-culturing
vd T cells with opsonised and non-opsonised HIV-infected targets and quantifying the
proportion of lysed targets. MHC class 1I antigen presentation by y8 T cells was detected
by adding an antigen-specific CD4 T cell hybridoma after 4h co-culture, which responds
specifically to presentation of HIV-1 RT on HLA-DRB1*0101. NK cells and monocytes
were used as positive controls for ADCC and antigen presentation, respectively. The
uninfected and HIV-infected lymphoma cells used as targets showed a high susceptibility
to lysis by NK cells and y8 T cells in the absence of opsonising antibody and no ADCC
was detected with either effector cell type. MHC class 11 antigen presentation of target cell
antigen by monocytes was significantly potentiated by the opsonisation of target cells,
suggesting that IgG — Fey receptor interactions can increase productive HIV-1 RT antigen
internalisation or routing for MHC class II presentation. However, no significant MHC

class I antigen presentation was detected in y8 T cells.
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One possible explanation for the lack of MHC class II antigen presentation observed in
the HIV model is that y8 T cells may be restricted in the type of antigen they can process
and present by the intracellular machinery they express. For instance, acidification of the
phagosome has been shown to vary in intensity and timing between neutrophils,
macrophages and dendritic cells (23). Different antigens may require different enzymes for
processing which are optimal at different pH. Meuter et al followed endosomal
acidification in y8 T cells and dendritic cells pulsed with FITC-BSA and concluded that y8
T cells display a delayed endosomal acidification when compared to dendritic cells (247).
Therefore, the types of antigen that can be presented by y8 T cells may be restricted by the

intracellular processing machinery they express.

A major technical challenge during research with human y3 T cells is their rarity. From a
collection of 50 ml of blood from a healthy donor it is usual to recover approximately
3x105 to 3x100 y6 T cells. The rarity of these cells imposes limits on the experimental
techniques that can be used to study them. Microscopy techniques are particularly attractive
since these require small numbers of cells. However, microscopy is labour-intensive and
presents a risk of operator subjectivity during image analysis. To minimise this subjectivity
experiments can be designed so that image analysis is performed blindly as in the
quantitative confocal phagocytosis assay described in this thesis. Another way to study rare
cell types is to minimise the number of cell isolation processing steps to avoid cell loss. An
example is the whole blood phagocytosis assay described in this thesis, where freshly taken
whole blood samples were tested in a phagocytosis assay by adding fluorescent bacteria to
them and later stained for cell surface markers. Wash steps were kept to a minimum and a
one-step red blood cell lysis and fixative solution was used at the end. However, when I
FACS sorted phagocytic CD3+ y6 TCR+ cells directly from whole blood for further
characterisation only 300-500 cells from this fraction were recovered. This made it difficult

to test for purity and be able to clearly interpret the results.

vd T cell isolation from the small number of HLA-DRB1*0101+ donors available did not
generate the required numbers of y56 T cells needed for the M1 antigen presentation assay
as described by Wu et al (223). Therefore, when testing for antigen presentation in this
model I reduced the number of y5 T cells to 2x104 per well, one fifth of what was originally

described by Wu et al. I also reduced the number of responding CD4+ T cells to 2x104 per

190



well and adjusted the volume accordingly, to maintain the same cell concentration and APC
to CD4 T cell ratio as in the original assay. The same number of cells was also used for
monocytes, a3 T cells and NK cells tested in parallel for antigen presentation ability in the
same assay. This difference may have affected the experiments in some way as my M1
antigen presentation results were reproducibly lower than those described by Wu et al. The
frequency of the DRB1*0101 allele is relatively high at 8.39% of Caucasians, 4.6% of
Hispanics, 3.0% of African-Americans and 3.0% of Asian-Pacific Americans as calculated
using the bioinformatics tool available in the United States of America National Marrow

Donor Program “Be the Match” (https://bioinformatics.bethematchclinical.org).

However, this frequency means that a limited number of suitable donors could be recruited
and that using non-HLA typed leukocyte cones from the National Blood Service would
not be practical. It is possible that the previous authors’ study used HLA-DRB1*0101+
donors with a higher circulating number of y5 T cells than the ones I used as the frequency

of y8 T cells in the blood can vary substantially between donors.

To test for cell-mediated cytotoxicity and ADCC I initially used y8 T cell cultures expanded
with IPP, IL-2 and B-LCL feeders for two weeks. The expanded cultures had variable levels
of CD16 expression and, although cytotoxic, could not be seen to present antigen via class
I1. For this reason, I decided to use freshly isolated y6 T cells or overnight activated yo6 T
cells for the experiments described in this thesis. Expression of CD16 on a proportion of

v T cells was confirmed by flow cytometry prior to cytotoxicity experiments.

An interesting line of work in the future could be to develop a y8 T cell expansion protocol
able to promote the accumulation of CD16+ y3 T cell effector cells in culture. Cytotoxic
CD16+ effector vy T cells are described to be short-lived terminally differentiated cells
with a low potential for proliferation and hence would likely need to be generated from a
precursor pool, such as expanded central memory T cells. Central memory Vy9VS2 T cells
have been shown to give rise to terminally differentiated effector memory cells in the
presence of IL-15 and in the absence of antigen (153). Therefore, one possible approach
could be to induce clonal expansion of central memory Vy9V62 T cells with IPP and IL.-2

and then induce differentiation of these cells with I1.-15.
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With respect to the broader hypothesis that human blood y8 T cells perform professional
phagocytosis and antigen presentation 7z vive, both phagocytosis of opsonised bacteria and
MHC class II antigen presentation could be reliably detected in y8 T cells 7z vztro during the
work described in this thesis. However, the phagocytic events were rare relative to
monocytes and although presentation of exogenous antigen was significantly greater for y
T cells than for «f T cells or NK cells it was also lower than for monocytes. Therefore, the
data described in this thesis do not support previous literature reporting that the potency
of antigen presentation performed by 77 vitro activated y6 T-APCs is comparable to that of
mature dendritic cells (233;244;246;358). It is possible that these myeloid functions may be
restricted to a particular type of y8 TCR-expressing cells as discussed in a review by
Kabelitz and He (446). Further studies of subsets of y6 T cells may identify functional
differences that may help resolve the question of the non-redundant role of y8 T cells and
why the tripartite division of adaptive immunity into o T cells, y8 T cells and B cells is so

well conserved in evolutionary terms.

192



8 References

©)

2)

3)

)

®)

©)

)

8)

©)

(10)

Flannagan RS, Jaumouille V, Grinstein S. The cell biology of phagocytosis.
Annu Rev Pathol 2012;7:61-98. doi: 10.1146/annurev-pathol-011811-132445.
Epub@?2011 Sep 9.:61-98.

Metschnikoff E. Ueber die Bezichung der Phagocyten zu Milzbrandbacillen.
Archiv f pathol Anat 1884;97(3):502-26.

Silva MT, Correia-Neves M. Neutrophils and macrophages: the main partners of
phagocyte cell systems. Front Immunol 2012;3:174. dot:
10.3389/fimmu.2012.00174. Epub@2012 Jul 4.:174.

Peiser L, Gough PJ, Kodama T, Gordon S. Macrophage class A scavenger
receptor-mediated phagocytosis of Escherichia coli: role of cell heterogeneity,
microbial strain, and culture conditions in vitro. Infect Immun 2000

Apt;68(4):1953-63.

Anderson CL, Shen L, Eicher DM, Wewers MD, Gill JK. Phagocytosis
mediated by three distinct Fc gamma receptor classes on human leukocytes. |
Exp Med 1990 Apr 1;171(4):1333-45.

Ross GD, Reed W, Dalzell |G, Becker SE, Hogg N. Macrophage cytoskeleton
association with CR3 and CR4 regulates receptor mobility and phagocytosis of
iC3b-opsonized erythrocytes. | Leukoc Biol 1992 Feb;51(2):109-17.

Kobayashi N, Karisola P, Pena-Cruz V, Dorfman DM, Jinushi M, Umetsu SE,
et al. TIM-1 and TIM-4 glycoproteins bind phosphatidylserine and mediate
uptake of apoptotic cells. Immunity 2007 Dec;27(6):927-40.

Park SY, Jung MY, Kim HJ, Lee SJ, Kim SY, Lee BH, et al. Rapid cell corpse
clearance by stabilin-2, a membrane phosphatidylserine receptor. Cell Death
Differ 2008 Jan;15(1):192-201.

Park D, Tosello-Trampont AC, Elliott MR, Lu M, Haney LB, Ma Z, et al. BAI1
is an engulfment receptor for apoptotic cells upstream of the

ELMO/Dock180/Rac module. Nature 2007 Nov 15;450(7168):430-4.

Ezekowitz RA, Sastry K, Bailly P, Warner A. Molecular characterization of the
human macrophage mannose receptor: demonstration of multiple carbohydrate

recognition-like domains and phagocytosis of yeasts in Cos-1 cells. ] Exp Med
1990 Dec 1;172(6):1785-94.

193



1

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

Herre J, Marshall AS, Caron E, Edwards AD, Williams DL, Schweighoffer E, et
al. Dectin-1 uses novel mechanisms for yeast phagocytosis in macrophages.

Blood 2004 Dec 15;104(13):4038-45.

Schiff DE, Kline L, Soldau K, Lee JD, Pugin ], Tobias PS, et al. Phagocytosis of
gram-negative bacteria by a unique CD14-dependent mechanism. | Leukoc Biol
1997 Dec;62(6):786-94.

Thomas CA, LiY, Kodama T, Suzuki H, Silverstein SC, El KJ. Protection from
lethal gram-positive infection by macrophage scavenger receptor-dependent
phagocytosis. | Exp Med 2000 Jan 3;191(1):147-56.

Patel SN, Serghides L, Smith TG, Febbraio M, Silverstein RL, Kurtz TW, et al.
CD36 mediates the phagocytosis of Plasmodium falciparum-infected
erythrocytes by rodent macrophages. | Infect Dis 2004 Jan 15;189(2):204-13.

van der Laan L], Dopp EA, Haworth R, Pikkarainen T, Kangas M, Elomaa O,
et al. Regulation and functional involvement of macrophage scavenger receptor

MARCO in clearance of bacteria in vivo. | Immunol 1999 Jan 15;162(2):939-47.

van Spriel AB, van den Herik-Oudijk IE, van Sorge NM, Vile HA, Van Strijp
JA, van de Winkel JG. Effective phagocytosis and killing of Candida albicans via
targeting FcgammaRI (CD64) or FcalphaRI (CD89) on neutrophils. | Infect Dis
1999 Mar;179(3):661-9.

Daeron M, Malbec O, Bonnerot C, Latour S, Segal DM, Fridman WH.
Tyrosine-containing activation motif-dependent phagocytosis in mast cells. |
Immunol 1994 Jan 15;152(2):783-92.

Ghiran I, Barbashov SF, Klickstein LB, Tas SW, Jensenius JC, Nicholson-Weller
A. Complement receptor 1/CD35 is a receptor for mannan-binding lectin. |
Exp Med 2000 Dec 18;192(12):1797-808.

Blystone SD, Graham IL, Lindberg FP, Brown EJ. Integrin alpha v beta 3
differentially regulates adhesive and phagocytic functions of the fibronectin
receptor alpha 5 beta 1. ] Cell Biol 1994 Nov;127(4):1129-37.

May RC, Caron E, Hall A, Machesky LM. Involvement of the Arp2/3 complex
in phagocytosis mediated by FcgammaR or CR3. Nat Cell Biol 2000
Apr;2(4):246-8.

Lorenzi R, Brickell PM, Katz DR, Kinnon C, Thrasher AJ. Wiskott-Aldrich
syndrome protein is necessary for efficient IgG-mediated phagocytosis. Blood
2000 May 1;95(9):2943-6.

Flannagan RS, Cosio G, Grinstein S. Antimicrobial mechanisms of phagocytes
and bacterial evasion strategies. Nat Rev Microbiol 2009 May;7(5):355-606.

194



(23) Savina A, Amigorena S. Phagocytosis and antigen presentation in dendritic cells.
Immunol Rev 2007 Oct;219:143-56.:143-56.

(24) Ganz T. Defensins: antimicrobial peptides of innate immunity. Nat Rev
Immunol 2003 Sep;3(9):710-20.

(25) Nathan C, Shiloh MU. Reactive oxygen and nitrogen intermediates in the
relationship between mammalian hosts and microbial pathogens. Proc Natl

Acad Sci U S A 2000 Aug 1;97(16):8841-8.

(26) Heyworth PG, Cross AR, Curnutte JT. Chronic granulomatous disease. Curr
Opin Immunol 2003 Oct;15(5):578-84.

(27) Hudspeth K, Silva-Santos B, Mavilio D. Natural cytotoxicity receptors: broader
expression patterns and functions in innate and adaptive immune cells. Front

Immunol 2013;4:69. doi: 10.3389/fimmu.2013.00069. Epub@2013 Mar@?20.:69.
(28) Lanier LL. NK cell receptors. Annu Rev Immunol 1998;16:359-93.:359-93.

(29) Chiesa S, Tomasello E, Vivier E, Vely F. Coordination of activating and
inhibitory signals in natural killer cells. Mol Immunol 2005 Feb;42(4):477-84.

(30) Miller-Kittrell M, Sparer TE. Feeling manipulated: cytomegalovirus immune
manipulation. Virol ] 2009 Jan 9;6:4. doi: 10.1186/1743-422X-6-4.:4-6.

(31) Arnon TI, Achdout H, Levi O, Markel G, Saleh N, Katz G, et al. Inhibition of
the NKp30 activating receptor by pp65 of human cytomegalovirus. Nat
Immunol 2005 May;6(5):515-23.

(32) Rosental B, Brusilovsky M, Hadad U, Oz D, Appel MY, Afergan F, et al.
Proliferating cell nuclear antigen is a novel inhibitory ligand for the natural

cytotoxicity receptor NKp44. | Immunol 2011 Dec 1;187(11):5693-702.

(33) Janeway C, Murphy K, Travers P, Walport M. Janeway's Immunobiology.
Garland Publishing Inc; 2008.

(34) Waring P, Mullbacher A. Cell death induced by the Fas/Fas ligand pathway and
its role in pathology. Immunol Cell Biol 1999 Aug;77(4):312-7.

(35) Koch J, Steinle A, Watzl C, Mandelboim O. Activating natural cytotoxicity

receptors of natural killer cells in cancer and infection. Trends Immunol 2013

Apr;34(4):182-91.

(36) Mavoungou E, Held J, Mewono L, Kremsner PG. A Duffy binding-like domain
is involved in the NKp30-mediated recognition of Plasmodium falciparum-
parasitized erythrocytes by natural killer cells. | Infect Dis 2007 May
15;195(10):1521-31.

(37) Pogge von SE, Simhadri VR, von TB, Sasse S, Reiners KS, Hansen HP, et al.
Human leukocyte antigen-B-associated transcript 3 is released from tumor cells

195



(38)

(39)

(40)

(1)

(42)

(43)

(44)

(45)

(46)

47)

(48)

(49)

and engages the NKp30 receptor on natural killer cells. Immunity 2007
Dec;27(6):965-74.

Jarahian M, Fiedler M, Cohnen A, Djandji D, Hammerling GJ, Gati C, et al.
Modulation of NKp30- and NKp46-mediated natural killer cell responses by
poxviral hemagglutinin. PLoS Pathog 2011 Aug;7(8):e1002195.

Mandelboim O, Lieberman N, Lev M, Paul L., Arnon T1, Bushkin Y, et al.
Recognition of haemagglutinins on virus-infected cells by NKp46 activates lysis
by human NK cells. Nature 2001 Feb 22;409(6823):1055-60.

Garg A, Barnes PF, Porgador A, Roy S, Wu S, Nanda JS, et al. Vimentin
expressed on Mycobacterium tuberculosis-infected human monocytes is
involved in binding to the NKp46 receptor. ] Immunol 2006 Nov
1;177(9):6192-8.

Daeron M. Fc receptor biology. Annu Rev Immunol 1997;15:203-34.:203-34.

Rieux-Laucat F, L.e DF, Hivroz C, Roberts IA, Debatin KM, Fischer A, et al.
Mutations in Fas associated with human lymphoproliferative syndrome and
autoimmunity. Science 1995 Jun 2;268(5215):1347-9.

Fisher GH, Rosenberg FJ, Straus SE, Dale JK, Middleton LA, Lin AY, et al.
Dominant interfering Fas gene mutations impair apoptosis in a human
autoimmune lymphoproliferative syndrome. Cell 1995 Jun 16;81(6):935-46.

Adams GP, Weiner LM. Monoclonal antibody therapy of cancer. Nat
Biotechnol 2005 Sep;23(9):1147-57.

Cartron G, Dacheux L, Salles G, Solal-Celigny P, Bardos P, Colombat P, et al.
Therapeutic activity of humanized anti-CD20 monoclonal antibody and
polymorphism in IgG Fc receptor FcgammaRIIIa gene. Blood 2002 Feb
1;99(3):754-8.

Weng WK, Levy R. Two immunoglobulin G fragment C receptor
polymorphisms independently predict response to rituximab in patients with
follicular lymphoma. J Clin Oncol 2003 Nov 1;21(21):3940-7.

Stepp SE, Dufourcq-Lagelouse R, Le DF, Bhawan S, Certain S, Mathew PA, et
al. Perforin gene defects in familial hemophagocytic lymphohistiocytosis.
Science 1999 Dec 3;286(5446):1957-9.

Cella M, Engering A, Pinet V, Pieters ], Lanzavecchia A. Inflammatory stimuli
induce accumulation of MHC class II complexes on dendritic cells. Nature 1997
Aug 21;388(6644):782-7.

Kurts C, Robinson BW, Knolle PA. Cross-priming in health and disease. Nat
Rev Immunol 2010 Jun;10(6):403-14.

196



(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

Crotzer VL, Blum |S. Autophagy and adaptive immunity. Immunology 2010
Sep;131(1):9-17.

Vyas JM, Van der Veen AG, Ploegh HL. The known unknowns of antigen
processing and presentation. Nat Rev Immunol 2008 Aug;8(8):607-18.

Fernando MM, Stevens CR, Walsh EC, De Jager PL, Goyette P, Plenge RM, et
al. Defining the role of the MHC in autoimmunity: a review and pooled analysis.
PLoS Genet 2008 Apr 25;4(4):e1000024.

Saito H, Kranz DM, Takagaki Y, Hayday AC, Eisen HN, Tonegawa S. A third
rearranged and expressed gene in a clone of cytotoxic T lymphocytes. Nature
1984 Nov 1;312(5989):36-40.

Bonneville M, O'Brien RL, Born WK. Gammadelta T cell effector functions: a
blend of innate programming and acquired plasticity. Nat Rev Immunol 2010
Jul;10(7):467-78.

Rock EP, Sibbald PR, Davis MM, Chien YH. CDR3 length in antigen-specific
immune receptors. | Exp Med 1994 Jan 1;179(1):323-8.

Hayday AC. [gammal][delta] cells: a right time and a right place for a conserved
third way of protection. Annu Rev Immunol 2000;18:975-1026.:975-1026.

Chien YH, Meyer C, Bonneville M. gammadelta T Cells: First Line of Defense
and Beyond. Annu Rev Immunol 2014 Mar 21;32:121-55. dot:
10.1146/annurev-immunol-032713-120216. Epub@2014 Jan 2.:121-55.

Vantourout P, Hayday A. Six-of-the-best: unique contributions of gammadelta T
cells to immunology. Nat Rev Immunol 2013 Feb;13(2):88-100.

Xu B, Pizarro JC, Holmes MA, McBeth C, Groh V, Spies T, et al. Crystal
structure of a gammadelta T-cell receptor specific for the human MHC class 1
homolog MICA. Proc Natl Acad Sci U S A 2011 Feb 8;108(6):2414-9.

Groh V, Rhinehart R, Secrist H, Bauer S, Grabstein KH, Spies T. Broad tumor-
associated expression and recognition by tumor-derived gamma delta T cells of

MICA and MICB. Proc Natl Acad Sci U S A 1999 Jun 8;96(12):6879-84.

Kong Y, Cao W, Xi X, Ma C, Cui L, He W. The NKG2D ligand ULBP4 binds
to TCRgamma9/delta2 and induces cytotoxicity to tumor cells through both
TCRgammadelta and NKG2D. Blood 2009 Jul 9;114(2):310-7.

Spada FM, Grant EP, Peters PJ, Sugita M, Melian A, Leslie DS, et al. Self-
recognition of CD1 by gamma/delta T cells: implications for innate immunity. |
Exp Med 2000 Mar;191(6):937-48.

Bai L, Picard D, Anderson B, Chaudhary V, Luoma A, Jabri B, et al. The
majority of CD1d-sulfatide-specific T cells in human blood use a semiinvariant
Vdeltal TCR. Eur | Immunol 2012 Sep;42(9):2505-10.

197



(64)

(65)

(66)

©7)

(68)

(69)

(70)

(1)

(72)

(73)

(74)

Willcox CR, Pitard V, Netzer S, Couzi L, Salim M, Silberzahn T, et al.
Cytomegalovirus and tumor stress surveillance by binding of a human
gammadelta T cell antigen receptor to endothelial protein C receptor. Nat
Immunol 2012 Sep;13(9):872-9.

Zeng X, Wei YL, Huang ], Newell EW, Yu H, Kidd BA, et al. gammadelta T
cells recognize a microbial encoded B cell antigen to initiate a rapid antigen-
specific interleukin-17 response. Immunity 2012 Sep 21;37(3):524-34.

Constant P, Davodeau F, Peyrat MA, Poquet Y, Puzo G, Bonneville M, et al.

Stimulation of human gamma delta T cells by nonpeptidic mycobacterial ligands.
Science 1994 Apr 8;264(51506):267-70.

Bruder J, Siewert K, Obermeier B, Malotka |, Scheinert P, Kellermann J, et al.
Target specificity of an autoreactive pathogenic human gammadelta-T cell
receptor in myositis. | Biol Chem 2012 Jun 15;287(25):20986-95.

Guo Y, Ziegler HK, Safley SA, Niesel DW, Vaidya S, Klimpel GR. Human T-
cell recognition of Listeria monocytogenes: recognition of listeriolysin O by TcR
alpha beta + and TcR gamma delta + T cells. Infect Immun 1995
Jun;63(6):2288-94.

Adams EJ, Chien YH, Garcia KC. Structure of a gammadelta T cell receptor in
complex with the nonclassical MHC T22. Science 2005 Apr 8;308(5719):227-31.

Bluestone JA, Cron RQ, Cotterman M, Houlden BA, Matis LA. Structure and
specificity of T cell receptor gamma/delta on major histocompatibility complex
antigen-specific CD3+, CD4-, CD8- T lymphocytes. | Exp Med 1988 Nov
1;168(5):1899-916.

Crowley MP, Reich Z, Mavaddat N, Altman JD, Chien Y. The recognition of
the nonclassical major histocompatibility complex (MHC) class I molecule, T10,
by the gammadelta T cell, G8. ] Exp Med 1997 Apr 7;185(7):1223-30.

Bonneville M, Ito K, Krecko EG, Itohara S, Kappes D, Ishida I, et al.
Recognition of a self major histocompatibility complex TL region product by
gamma delta T-cell receptors. Proc Natl Acad Sci U S A 1989 Aug;86(15):5928-
32.

Johnson RM, Lancki DW, Sperling Al Dick RF, Spear PG, Fitch FW, et al. A
murine CD4-, CD8- T cell receptor-gamma delta T lymphocyte clone specific
for herpes simplex virus glycoprotein I. | Immunol 1992 Feb 15;148(4):983-8.

Born WK, Vollmer M, Reardon C, Matsuura E, Voelker DR, Giclas PC, et al.
Hybridomas expressing gammadelta T-cell receptors respond to cardiolipin and
beta2-glycoprotein 1 (apolipoprotein H). Scand ] Immunol 2003 Sep;58(3):374-
81.

198



(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)

(84)

(85)

Zhang L, Jin N, Nakayama M, O'Brien RL, Eisenbarth GS, Born WK. Gamma
delta T cell receptors confer autonomous responsiveness to the insulin-peptide

B:9-23. ] Autoimmun 2010 Jun;34(4):478-84.

Kemal AM, Zhang L., Wang C, Liang D, Wands JM, Michels AW, et al.
gammadelta T cells recognize the insulin B:9-23 peptide antigen when it is
dimerized through thiol oxidation. Mol Immunol 2014 May;60(2):116-28.

Prinz I, Thamm K, Port M, Weissinger EM, Stadler M, Gabaev I, et al. Donor
Vdeltal+ gammadelta T cells expand after allogeneic hematopoietic stem cell
transplantation and show reactivity against CMV-infected cells but not against
progressing B-CLL. Exp Hematol Oncol 2013 May 11;2(1):14-2.

Knight A, Madrigal AJ, Grace S, Sivakumaran J, Kottaridis P, Mackinnon §, et
al. The role of Vdelta2-negative gammadelta T cells during cytomegalovirus

reactivation in recipients of allogeneic stem cell transplantation. Blood 2010 Sep
23;116(12):2164-72.

Vermijlen D, Brouwer M, Donner C, Liesnard C, Tackoen M, Van RM, et al.
Human cytomegalovirus elicits fetal gammadelta T cell responses in utero. | Exp
Med 2010 Apr 12;207(4):807-21.

Pitard V, Roumanes D, Lafarge X, Couzi L, Garrigue I, Lafon ME, et al. Long-

term expansion of effector/memory Vdelta2-gammadelta T cells is a specific
blood signature of CMV infection. Blood 2008 Aug 15;112(4):1317-24.

Lafarge X, Merville P, Cazin MC, Berge F, Potaux L, Moreau JF, et al.
Cytomegalovirus infection in transplant recipients resolves when circulating
gammadelta T lymphocytes expand, suggesting a protective antiviral role. |
Infect Dis 2001 Sep 1;184(5):533-41.

Dechanet J, Merville P, Lim A, Retiere C, Pitard V, Lafarge X, et al. Implication
of gammadelta T cells in the human immune response to cytomegalovirus. ]

Clin Invest 1999 May 15;103(10):1437-49.

Triebel F, Faure I, Graziani M, Jitsukawa S, Lefranc MP, Hercend T. A unique
V-J-C-rearranged gene encodes a gamma protein expressed on the majority of
CD3+ T cell receptor-alpha/beta- circulating lymphocytes. ] Exp Med 1988 Feb
1;167(2):694-9.

Triebel F, Faure F, Mami-Chouaib F, Jitsukawa S, Griscelli A, Genevee C, et al.
A novel human V delta gene expressed predominantly in the Ti gamma A
fraction of gamma/delta+ peripheral lymphocytes. Eur ] Immunol 1988
Dec;18(12):2021-7.

Hyviid L, Akanmori BD, Loizon S, Kurtzhals JA, Ricke CH, Lim A, et al. High
frequency of circulating gamma delta T cells with dominance of the v(delta)1
subset in a healthy population. Int Immunol 2000 Jun;12(6):797-805.

199



(86)

(87)

(88)

(89)

(90)

O1)

©2)

©3)

O4)

©5)

©06)

Parker CM, Groh V, Band H, Porcelli SA, Morita C, Fabbi M, et al. Evidence
for extrathymic changes in the T cell receptor gamma/delta repertoire. ] Exp
Med 1990 May 1;171(5):1597-612.

Eberl M, Hintz M, Reichenberg A, Kollas AK, Wiesner |, Jomaa H. Microbial
isoprenoid biosynthesis and human gamma delta T cell activation. FEBS Letters

2003 Jun 5;544(11'C63):4-10.

Ito M, Kojiro N, Ikeda T, Ito T, Funada ], Kokubu T. Increased proportions of
peripheral blood gamma delta T cells in patients with pulmonary tuberculosis.
Chest 1992 Jul;102(1):195-7.

Jouen-Beades F, Paris E, Dieulois C, Lemeland JF, Barre-Dezelus V, Marret S,
et al. In vivo and in vitro activation and expansion of gammadelta T cells during

Listeria monocytogenes infection in humans. Infect Immun 1997
Oct;65(10):4267-72.

Bertotto A, Gerli R, Spinozzi F, Muscat C, Scalise F, Castellucci G, et al.
Lymphocytes bearing the gamma delta T cell receptor in acute Brucella
melitensis infection. Eur ] Immunol 1993 May;23(5):1177-80.

Poquet Y, Kroca M, Halary F, Stenmark S, Peyrat MA, Bonneville M, et al.
Expansion of Vgamma9 Vdelta2 T cells is triggered by Francisella tularensis-
derived phosphoantigens in tularemia but not after tularemia vaccination. Infect

Immun 1998 May;66(5):2107-14.

Sumida T, Maeda T, Takahashi H, Yoshida S, Yonaha F, Sakamoto A, et al.
Predominant expansion of V gamma 9/V delta 2 T cells in a tularemia patient.
Infect Immun 1992 Jun;60(6):2554-8.

Balbi B, Valle MT, Oddera S, Giunti D, Manca F, Rossi GA, et al. T-
lymphocytes with gamma delta+ V delta 2+ antigen receptors are present in
increased proportions in a fraction of patients with tuberculosis or with
sarcoidosis. Am Rev Respir Dis 1993 Dec;148(6 Pt 1):1685-90.

Dieli F, Sireci G, D1 SC, Champagne E, Fournie JJ, Salerno JI. Predominance of
Veamma9/Vdelta2 T lymphocytes in the cerebrospinal fluid of children with

tuberculous meningitis: reversal after chemotherapy. Mol Med 1999
May;5(5):301-12.

Modlin RL, Pirmez C, Hofman FM, Torigian V, Uyemura K, Rea TH, et al.
Lymphocytes bearing antigen-specific gamma delta T-cell receptors accumulate
in human infectious disease lesions. Nature 1989 Jun 15;339(6225):544-8.

Ueta C, Tsuyuguchi I, Kawasumi H, Takashima T, Toba H, Kishimoto S.
Increase of gamma/delta T cells in hospital workers who are in close contact
with tuberculosis patients. Infect Immun 1994 Dec;62(12):5434-41.

200



O7)

©8)

©9)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

Kroca M, T+iirnvik A, Sj+Astedt A. The proportion of circulating + ' +! T cells
increases after the first week of onset of tularaemia and remains elevated for
more than a year. Clinical & Experimental Immunology 2000 May 1;120(2):280-
4,

Hara T, Mizuno Y, Takaki K, Takada H, Akeda H, Aoki T, et al. Predominant
activation and expansion of V gamma 9-bearing gamma delta T cells in vivo as
well as in vitro in Salmonella infection. | Clin Invest 1992 Jul;90(1):204-10.

Schneider T, Jahn HU, Liesenfeld O, Steinhoftf D, Riecken EO, Zeitz M, et al.
The number and proportion of Vgamma9 Vdelta2 T cells rise significantly in the
peripheral blood of patients after the onset of acute Coxiella burnetii infection.
Clin Infect Dis 1997 Feb;24(2):261-4.

Caldwell CW, Everett ED, McDonald G, Yesus YW, Roland WE.
Lymphocytosis of gamma/delta T cells in human ehtlichiosis. Am ] Clin Pathol
1995 Jun;103(6):761-6.

Raziuddin S, Mir NA, el-Awad Me, Telmesani AW, al-Janadi M. Gamma delta T
lymphocytes and proinflammatory cytokines in bacterial meningitis. | Allergy
Clin Immunol 1994 Apr;93(4):793-8.

Ho M, Webster HK, Tongtawe P, Pattanapanyasat K, Weidanz WP. Increased
gamma delta T cells in acute Plasmodium falciparum malaria. Immunol Lett
1990 Aug;25(1-3):139-41.

Scalise F, Getli R, Castellucci G, Spinozzi F, Fabietti GM, Crupi S, et al.
Lymphocytes bearing the gamma delta T-cell receptor in acute toxoplasmosis.
Immunology 1992 Aug;76(4):668-70.

Raziuddin S, Telmasani AW, el-Hag el-Awad M, al-Amari O, al-Janadi M.
Gamma delta T cells and the immune response in visceral leishmaniasis. Eur |

Immunol 1992 May;22(5):1143-8.

Alaibac M, Harms G, Zwingenberger K, Morris |, Yu R, Chu AC. Gamma delta
T lymphocytes in oriental cutaneous leishmaniasis: occurrence and variable delta

gene expression. Br | Dermatol 1993 Apr;128(4):388-92.

Roussilhon C, Agrapart M, Ballet JJ, Bensussan A. T lymphocytes bearing the
gamma delta T cell receptor in patients with acute Plasmodium falciparum
malaria. | Infect Dis 1990 Jul;162(1):283-5.

Schwartz E, Shapiro R, Shina S, Bank I. Delayed expansion of V delta 2+ and V
delta 1+ gamma delta T cells after acute Plasmodium falciparum and
Plasmodium vivax malaria. | Allergy Clin Immunol 1996 Jun;97(6):1387-92.

Perera MK, Carter R, Goonewardene R, Mendis KN. Transient increase in

circulating gamma/delta T cells during Plasmodium vivax malarial paroxysms. |
Exp Med 1994 Jan 1;179(1):311-5.

201



(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

Russo DM, Armitage RJ, Barral-Netto M, Barral A, Grabstein KH, Reed SG.
Antigen-reactive gamma delta T cells in human leishmaniasis. ] Immunol 1993
Oct 1;151(7):3712-8.

Kabelitz D, Kalyan S, Oberg HH, Wesch D. Human Vdelta2 versus non-
Vdelta2 gammadelta T cells in antitumor immunity. Oncoimmunology 2013 Mar
1;2(3):¢23304.

Laggner U, Di MP, Perera GK, Hundhausen C, Lacy KE, Ali N, et al.
Identification of a novel proinflammatory human skin-homing
Vgamma9Vdelta2 T cell subset with a potential role in psoriasis. | Immunol
2011 Sep 1;187(5):2783-93.

Thedrez A, Lavoue V, Dessarthe B, Daniel P, Henno S, Jaffre I, et al. A
quantitative deficiency in peripheral blood Vgamma9Vdelta2 cells is a negative
prognostic biomarker in ovarian cancer patients. PLoS One 2013 May
23;8(5):e63322.

Gomes AQ, Martins DS, Silva-Santos B. Targeting gammadelta T lymphocytes
for cancer immunotherapy: from novel mechanistic insight to clinical
application. Cancer Res 2010 Dec 15;70(24):10024-7.

Bukowski JF, Morita CT, Brenner MB. Human gamma delta T cells recognize
alkylamines derived from microbes, edible plants, and tea: implications for
innate immunity. Immunity 1999 Jul;11(1):57-65.

Kamath AB, Wang L, Das H, Li L, Reinhold VN, Bukowski JF. Antigens in tea-
beverage prime human Vgamma 2Vdelta 2 T cells in vitro and in vivo for
memory and nonmemory antibacterial cytokine responses. Proc Natl Acad Sci U

S A 2003 May 13;100(10):6009-14.

Hartmann T. [Detection of n-butylamine in apples]. Experientia 1967 Aug
15;23(8):680-1.

Ibe A, Saito K, Nakazato M, Kikuchi Y, Fujinuma K, Nishima T. Quantitative
determination of amines in wine by liquid chromatography. | Assoc Off Anal
Chem 1991 Jul;74(4):695-8.

Thompson K, Rojas-Navea |, Rogers MJ. Alkylamines cause Vgamma9Vdelta2
T-cell activation and proliferation by inhibiting the mevalonate pathway. Blood
2006 Jan 15;107(2):651-4.

Bukowski JF, Morita CT, Tanaka Y, Bloom BR, Brenner MB, Band H. V
gamma 2V delta 2 TCR-dependent recognition of non-peptide antigens and
Daudi cells analyzed by TCR gene transfer. ] Immunol 1995 Feb 1;154(3):998-
1006.

202



(120)

(121)

(122)

(123)

(124)

(125)

(126)

(127)

(128)

(129)

(130)

Morita CT, Beckman EM, Bukowski JF, Tanaka Y, Band H, Bloom BR, et al.
Direct presentation of nonpeptide prenyl pyrophosphate antigens to human
gamma delta T cells. Immunity 1995 Oct;3(4):495-507.

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

Vavassori S, Kumar A, Wan GS, Ramanjaneyulu GS, Cavallari M, El DS, et al.
Butyrophilin 3A1 binds phosphorylated antigens and stimulates human
gammadelta T cells. Nat Immunol 2013 Sep;14(9):908-16.

De Rosa SC, Andrus JP, Perfetto SP, Mantovani JJ, Herzenberg LA, Herzenberg
LA, et al. Ontogeny of gamma delta T Cells in Humans. The Journal of
Immunology 2004 Feb 1;172(3):1637-45.

Ferrick DA, Schrenzel MD, Mulvania T, Hsieh B, Ferlin WG, Lepper H.
Differential production of interferon-gamma and interleukin-4 in response to

Th1- and Th2-stimulating pathogens by gamma delta T cells in vivo. Nature
1995 Jan 19;373(6511):255-7.

Caccamo N, Sireci G, Meraviglia S, Dieli F, Ivanyi J, Salerno A. + |+ T cells
condition dendritic cells in vivo for priming pulmonary CD8 T cell responses
against Mycobacterium tuberculosis. Eur ] Immunol 2006 Oct 1;36(10):2681-90.

Dieli F, Troye-Blomberg M, Ivanyi |, Fournie JJ, Krensky AM, Bonneville M, et
al. Granulysin-dependent killing of intracellular and extracellular Mycobacterium
tuberculosis by Vgamma9/Vdelta2 T lymphocytes. | Infect Dis 2001 Oct
15;184(8):1082-5.

Dudal S, Turriere C, Bessoles S, Fontes P, Sanchez T, Liautard J, et al. Release
of LL-37 by activated human Vgamma9Vdelta2 T cells: a microbicidal weapon
against Brucella suis. ] Immunol 2006 Oct 15;177(8):5533-9.

Selin LK, Santolucito PA, Pinto AK, Szomolanyi-Tsuda E, Welsh RM. Innate
immunity to viruses: control of vaccinia virus infection by gamma delta T cells. ]

Immunol 2001 Jun 1;166(11):6784-94.

Shibata K, Yamada H, Hara H, Kishihara K, Yoshikai Y. Resident Vdeltal+
gammadelta T cells control early infiltration of neutrophils after Escherichia coli
infection via IL.-17 production. ] Immunol 2007 Apr 1;178(7):4466-72.

Sheridan BS, Romagnoli PA, Pham QM, Fu HH, Alonzo F, 111, Schubert WD,
et al. gammadelta T Cells Exhibit Multifunctional and Protective Memory in
Intestinal Tissues. Immunity 2013 Jul 25;39(1):184-95.

203



(131)

(132)

(133)

(134)

(135)

(136)

(137)

(138)

(139)

(140)

(141)

(142)

Simonian PL, Roark CL, Wehrmann F, Lanham AM, Born WK, O'Brien RL,, et
al. IL-17A-expressing T cells are essential for bacterial clearance in a murine

model of hypersensitivity pneumonitis. ] Immunol 2009 May 15;182(10):6540-9.

Roark CL, French JD, Taylor MA, Bendele AM, Born WK, O'Brien RL.
Exacerbation of collagen-induced arthritis by oligoclonal, II.-17-producing
gamma delta T cells. ] Immunol 2007 Oct 15;179(8):5576-83.

Hirota K, Duarte JH, Veldhoen M, Hornsby E, Li Y, Cua D], et al. Fate
mapping of IL-17-producing T cells in inflammatory responses. Nat Immunol
2011 Mar;12(3):255-63.

Petermann F, Rothhammer V, Claussen MC, Haas JD, Blanco LR, Heink S, et
al. gammadelta T cells enhance autoimmunity by restraining regulatory T cell
responses via an interleukin-23-dependent mechanism. Immunity 2010 Sep
24;33(3):351-63.

Price AE, Reinhardt RL, Liang HE, Locksley RM. Marking and quantifying IL-
17A-producing cells in vivo. PLoS One 2012;7(6):¢39750.

Cai Y, Shen X, Ding C, Q1 C, Li K, Li X, et al. Pivotal role of dermal IL.-17-
producing gammadelta T cells in skin inflammation. Immunity 2011 Oct
28;35(4):596-610.

Markle JG, Mortin-Toth S, Wong AS, Geng L, Hayday A, Danska ]S.
gammadelta T cells are essential effectors of type 1 diabetes in the nonobese
diabetic mouse model. ] Immunol 2013 Jun 1;190(11):5392-401.

Turner JE, Krebs C, Tittel AP, Paust HJ, Meyer-Schwesinger C, Bennstein SB,
et al. IL-17A production by renal gammadelta T cells promotes kidney injury in
crescentic GN. | Am Soc Nephrol 2012 Sep;23(9):1486-95.

Murdoch JR, Lloyd CM. Resolution of allergic airway inflammation and airway
hyperteactivity is mediated by IL-17-producing {gamma} {delta}T cells. Am ]
Respir Crit Care Med 2010 Aug 15;182(4):464-76.

Glanville N, Message SD, Walton RP, Pearson RM, Parker HL, Laza-Stanca V,
et al. gammadeltaT cells suppress inflammation and disease during rhinovirus-
induced asthma exacerbations. Mucosal Immunol 2013 Nov;6(6):1091-100.

DeBarros A, Chaves-Ferreira M, d'Orey F, Ribot JC, Silva-Santos B. CD70-
CD27 interactions provide survival and proliferative signals that regulate T cell

receptor-driven activation of human gammadelta peripheral blood lymphocytes.
Eur ] Immunol 2011 Jan;41(1):195-201.

Ness-Schwickerath KJ, Jin C, Morita CT. Cytokine requirements for the
differentiation and expansion of IL-17A- and IL-22-producing human
Vgamma2Vdelta2 T cells. ] Immunol 2010 Jun 15;184(12):7268-80.

204



(143)

(144)

(145)

(1406)

(147)

(148)

(149)

(150)

(151)

(152)

(153)

Caccamo N, La MC, Orlando V, Meraviglia S, Todaro M, Stassi G, et al.
Differentiation, phenotype, and function of interleukin-17-producing human
Vgamma9Vdelta2 T cells. Blood 2011 Jul 7;118(1):129-38.

Fenoglio D, Poggi A, Catellani S, Battaglia I, Ferrera A, Setti M, et al. Vdeltal T
lymphocytes producing IFN-gamma and I1.-17 are expanded in HIV-1-infected
patients and respond to Candida albicans. Blood 2009 Jun 25;113(26):6611-8.

Girardi M, Oppenheim DE, Steele CR, Lewis JM, Glusac E, Filler R, et al.
Regulation of cutaneous malignancy by gammadelta T cells. Science 2001
Oct;294(5542):605-9.

Gao Y, Yang W, Pan M, Scully E, Girardi M, Augenlicht LH, et al. Gamma
delta T cells provide an eatly source of interferon gamma in tumor immunity. |
Exp Med 2003 Aug 4;198(3):433-42.

Qin G, Mao H, Zheng J, Sia SF, Liu Y, Chan PL, et al. Phosphoantigen-
expanded human gammadelta T cells display potent cytotoxicity against
monocyte-derived macrophages infected with human and avian influenza

viruses. | Infect Dis 2009 Sep 15;200(6):858-65.

Wrobel P, Shojaei H, Schittek B, Gieseler F, Wollenberg B, Kalthoff H, et al.
Lysis of a broad range of epithelial tumour cells by human gamma delta T cells:
involvement of NKG2D ligands and T-cell receptor- versus NKG2D-
dependent recognition. Scand ] Immunol 2007 Aug;66(2-3):320-8.

Groh V, Wu J, Yee C, Spies T. Tumour-derived soluble MIC ligands impair
expression of NKG2D and T-cell activation. Nature 2002 Oct
17;419(6908):734-8.

Lodoen MB, Lanier LL. Viral modulation of NK cell immunity. Nat Rev
Microbiol 2005 Jan;3(1):59-69.

Alexander AA, Maniar A, Cummings |S, Hebbeler AM, Schulze DH, Gastman
BR, et al. Isopentenyl pyrophosphate-activated CD56+ {gamma} {delta} T

lymphocytes display potent antitumor activity toward human squamous cell

carcinoma. Clin Cancer Res 2008 Jul 1;14(13):4232-40.

Tokuyama H, Hagi T, Mattarollo SR, Motley |, Wang Q, So HF, et al. V gamma
9V delta 2 T cell cytotoxicity against tumor cells is enhanced by monoclonal

antibody drugs--rituximab and trastuzumab. Int | Cancer 2008 Jun
1;122(11):2526-34.

Caccamo N, Meraviglia S, Ferlazzo V, Angelini D, Borsellino G, Poccia F, et al.
Differential requirements for antigen or homeostatic cytokines for proliferation
and differentiation of human Vgamma9Vdelta2 naive, memory and effector T
cell subsets. Eur | Immunol 2005 Jun;35(6):1764-72.

205



(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

(163)

(164)

Braakman E, van de Winkel JG, van Krimpen BA, Jansze M, Bolhuis RL. CD16
on human gamma delta T lymphocytes: expression, function, and specificity for
mouse IgG isotypes. Cell Immunol 1992 Aug;143(1):97-107.

Braza MS, Klein B, Fiol G, Rossi JF. Gamma delta T-cell killing of primary
follicular lymphoma cells is dramatically potentiated by GA101, a type 11
glycoengineered anti-CD20 monoclonal antibody. Haematologica 2011 Mar
1;96(3):400-7.

Poonia B, Pauza CD. Gamma delta T cells from HIV+ donors can be expanded
in vitro by zoledronate/intetleukin-2 to become cytotoxic effectors for
antibody-dependent cellular cytotoxicity. Cytotherapy 2012 Feb;14(2):173-81.

Poonia B, Riedel D, Cairo C, Sajadi M, Armstrong C, Pauza D. gammadeltaT
cells are ADCC effectors in elite HIV controllers. Retrovirology 2010;7(Suppl
1):07.

Lafont V, Liautard J, Liautard JP, Favero . Production of TNF-alpha by
Human Vgamma9Vdelta2 T Cells Via Engagement of FcgammaRIIIA, the Low
Affinity Type 3 Receptor for the Fc Portion of IgG, Expressed upon TCR
Activation by Nonpeptidic Antigen. The Journal of Immunology 2001 Jun
15;166(12):7190-9.

Angelini DF, Borsellino G, Poupot M, Diamantini A, Poupot R, Bernardi G, et
al. FcgammaRIII discriminates between 2 subsets of Vgamm9Vdelta2 effector

cells with different responses and activation pathways. Blood 2004 Sep
15;104(6):1801-7.

Couzi L, Pitard V, Sicard X, Garrigue I, Hawchar O, Merville P, et al. Antibody-
dependent anti-cytomegalovirus activity of human gamma delta T cells

expressing CD16 (FcgammaRIIIa). Blood 2012 Feb 9;119(6):1418-27.

Kalyan §, Kabelitz D. Defining the nature of human gammadelta T cells: a
biographical sketch of the highly empathetic. Cell Mol Immunol 2013
Jan;10(1):21-9.

Ismail AS, Severson KM, Vaishnava S, Behrendt CL, Yu X, Benjamin JL, et al.
Gammadelta intraepithelial lymphocytes are essential mediators of host-

microbial homeostasis at the intestinal mucosal surface. Proc Natl Acad Sci U S
A 2011 May 24;108(21):8743-8.

Ismail AS, Behrendt CL, Hooper LV. Reciprocal interactions between

commensal bacteria and gamma delta intraepithelial lymphocytes during
mucosal injury. ] Immunol 2009 Mar 1;182(5):3047-54.

Locke NR, Stankovic S, Funda DP, Harrison LC. TCR gamma delta
intraepithelial lymphocytes are required for self-tolerance. ] Immunol 2006 Jun
1;176(11):6553-9.

206



(165)

(166)

(167)

(168)

(169)

(170)

(171)

(172)

(173)

(174)

(175)

(176)

Maeurer MJ, Martin D, Walter W, Liu K, Zitvogel L, Halusczcak K, et al.
Human intestinal Vdeltal+ lymphocytes recognize tumor cells of epithelial
origin. | Exp Med 1996 Apr 1;183(4):1681-96.

Rani M, Zhang Q, Schwacha MG. Gamma Delta (gammadelta) T-Cells Regulate
Wound Myeloid Cell Activity After Burn. Shock 2014 Mar 21.

Bhagat G, Naiyer AJ, Shah |G, Harper |, Jabri B, Wang TC, et al. Small
intestinal CD8+TCRgammadelta+ NKG2A+ intraepithelial lymphocytes have
attributes of regulatory cells in patients with celiac disease. | Clin Invest 2008
Jan;118(1):281-93.

Halstensen TS, Scott H, Brandtzaeg P. Intraepithelial T cells of the TcR
gamma/deltat CD8- and V delta 1/] delta 1+ phenotypes ate increased in
coeliac disease. Scand | Immunol 1989 Dec;30(6):665-72.

Spencer J, Isaacson PG, MacDonald TT, Thomas AJ, Walker-Smith JA.
Gamma/delta T cells and the diagnosis of coeliac disease. Clin Exp Immunol
1991 Jul;85(1):109-13.

Rust C, Kooy Y, Pena S, Mearin ML, Kluin P, Koning F. Phenotypical and
functional characterization of small intestinal TcR gamma delta + T cells in
coeliac disease. Scand | Immunol 1992 Apr;35(4):459-68.

Savilahti E, Arato A, Verkasalo M. Intestinal gamma/delta receptor-bearing T
lymphocytes in celiac disease and inflammatory bowel diseases in children.
Constant increase in celiac disease. Pediatr Res 1990 Dec;28(6):579-81.

Dunne MR, Elliott L, Hussey S, Mahmud N, Kelly J, Doherty DG, et al.
Persistent changes in circulating and intestinal gammadelta T cell subsets,
invariant natural killer T cells and mucosal-associated invariant T cells in

children and adults with coeliac disease. PLoS One 2013 Oct 4;8(10):e76008.

Giacomelli R, Parzanese I, Frieri G, Passacantando A, Pizzuto F, Pimpo T, et al.
Increase of circulating gamma/delta T lymphocytes in the petipheral blood of
patients affected by active inflammatory bowel disease. Clin Exp Immunol 1994
Oct;98(1):83-8.

Heyborne KD, Cranfill RL, Carding SR, Born WK, O'Brien RL.
Characterization of gamma delta T lymphocytes at the maternal-fetal interface. |
Immunol 1992 Nov 1;149(9):2872-8.

Meeusen E, Fox A, Brandon M, Lee CS. Activation of uterine intraepithelial

gamma delta T cell receptor-positive lymphocytes during pregnancy. Eur |
Immunol 1993 May;23(5):1112-7.

Mincheva-Nilsson L, Kling M, Hammarstrom S, Nagaeva O, Sundqvist KG,
Hammarstrom ML, et al. Gamma delta T cells of human early pregnancy

207



177)

(178)

(179)

(180)

(181)

(182)

(183)

(184)

(185)

(186)

decidua: evidence for local proliferation, phenotypic heterogeneity, and
extrathymic differentiation. ] Immunol 1997 Oct 1;159(7):3266-77.

Barakonyi A, Polgar B, Szekeres-Bartho J. The role of gamma/delta T-cell
receptor-positive cells in pregnancy: part II. Am ] Reprod Immunol 1999
Aug;42(2):83-7.

Szereday L, Barakonyi A, Miko E, Varga P, Szekeres-Bartho J. +!/+ ! 'T-cell
Subsets, NKG2A Expression and Apoptosis of V+ 12+ T cells in Pregnant
Women with or without Risk of Premature Pregnancy Termination. American
Journal of Reproductive Immunology 2003 Dec 1;50(6):490-6.

Nagaeva O, Jonsson L, Mincheva-Nilsson L. Dominant IL.-10 and TGF-beta
mRNA expression in gammadeltaT cells of human eatly pregnancy decidua
suggests immunoregulatory potential. Am ] Reprod Immunol 2002 Jul;48(1):9-
17.

Conti L, Casetti R, Cardone M, Varano B, Martino A, Belardelli F, et al.
Reciprocal activating interaction between dendritic cells and pamidronate-

stimulated gammadelta T cells: role of CD86 and inflammatory cytokines. |
Immunol 2005 Jan 1;174(1):252-60.

Ismaili J, Olislagers V, Poupot R, Fournie JJ, Goldman M. Human gamma delta
T cells induce dendritic cell maturation. Clin Immunol 2002 Jun;103(3 Pt 1):296-
302.

Devilder MC, Maillet S, Bouyge-Moreau I, Donnadieu E, Bonneville M, Scotet
E. Potentiation of antigen-stimulated V gamma 9V delta 2 T cell cytokine

production by immature dendritic cells (DC) and reciprocal effect on DC
maturation. ] Immunol 2006 Feb 1;176(3):1386-93.

Carding SR, Allan W, Kyes S, Hayday A, Bottomly K, Doherty PC. Late
dominance of the inflammatory process in murine influenza by gamma/delta +

T cells. ] Exp Med 1990 Oct 1;172(4):1225-31.

Mombaerts P, Arnoldi ], Russ F, Tonegawa S, Kaufmann SH. Different roles of
alpha beta and gamma delta T cells in immunity against an intracellular bacterial

pathogen. Nature 1993 Sep 2;365(6441):53-6.

Roberts SJ, Smith AL, West AB, Wen L, Findly RC, Owen M], et al. T-cell alpha
beta + and gamma delta + deficient mice display abnormal but distinct
phenotypes toward a natural, widespread infection of the intestinal epithelium.
Proc Natl Acad Sci U S A 1996 Oct 15;93(21):11774-9.

King C, Sprent J. Emerging cellular networks for regulation of T follicular
helper cells. Trends Immunol 2012 Feb;33(2):59-65.

208



(187)

(188)

(189)

(190)

(191)

(192)

(193)

(194)

(195)

(196)

(197)

(198)

MacLennan ICM, Liu Y], Johnson GD. Maturation and Dispersal of B-Cell
Clones during T Cell-Dependent Antibody Responses. Immunological Reviews
1992 Apr 1;126(1):143-61.

King C. New insights into the differentiation and function of T follicular helper
cells. Nat Rev Immunol 2009 Nov;9(11):757-66.

Quigley MF, Gonzalez VD, Granath A, Andersson J, Sandberg JK. CXCR5+
CCR7- CD8 T cells are early effector memory cells that infiltrate tonsil B cell
follicles. Eur ] Immunol 2007 Dec;37(12):3352-62.

Galli G, Nuti S, Tavarini S, Galli-Stampino L, De LC, Casorati G, et al. CD1d-
restricted help to B cells by human invariant natural killer T lymphocytes. ] Exp
Med 2003 Apr 21;197(8):1051-7.

Galli G, Pittoni P, Tonti E, Malzone C, Uematsu Y, Tortoli M, et al. Invariant
NKT cells sustain specific B cell responses and memory. Proceedings of the
National Academy of Sciences 2007 Mar 6;104(10):3984-9.

Tonti E, Fedeli M, Napolitano A, Iannacone M, von Andrian UH, Guidotti LG,
et al. Follicular Helper NKT Cells Induce Limited B Cell Responses and
Germinal Center Formation in the Absence of CD4+ T Cell Help. The Journal
of Immunology 2012 Apr 1;188(7):3217-22.

Wen L, Pao W, Wong EFS, Peng Q, Craft |, Zheng B, et al. Germinal center
formation, immunoglobulin class switching, and autoantibody production driven
by "non alpha/beta" T cells. ] Exp Med 1996 May 1;183(5):2271-82.

Pao W, Wen L, Smith AL, Gulbranson-Judge A, Zheng B, Kelsoe G, et al.
Gamma delta T cell help of B cells is induced by repeated parasitic infection, in
the absence of other T cells. Curr Biol 1996 Oct 1;6(10):1317-25.

Wen L, Roberts SJ, Viney JL, Wong FS, Mallick C, Findly RC, et al.
Immunoglobulin synthesis and generalized autoimmunity in mice congenitally

deficient in alpha beta(+) T cells. Nature 1994 Jun 23;369(6482):654-8.

Caccamo N, Battistini L, Bonneville M, Poccia F, Fournie JJ, Meraviglia S, et al.
CXCR5 identifies a subset of Vgamma9Vdelta2 T cells which secrete I1L.-4 and
IL-10 and help B cells for antibody production. ] Immunol 2006 Oct
15;177(8):5290-5.

Vermijlen D, Ellis P, Langford C, Klein A, Engel R, Willimann K, et al. Distinct
cytokine-driven responses of activated blood gammadelta T cells: insights into
unconventional T cell pleiotropy. ] Immunol 2007 Apr 1;178(7):4304-14.

Bansal RR, Mackay CR, Moser B, Eber]l M. IL-21 enhances the potential of
human + |+ T cells to provide B-cell help. Eur ] Immunol 2012 Jan
1;42(1):110-9.

209



(199)

(200)

(201)

(202)

(203)

(204)

(205)

(206)

(207)

(208)

(209)

Caccamo N, Todaro M, L.a Manna MP, Sireci G, Stassi G, Dieli F. I1.-21
regulates the differentiation of a human gammadelta T cell subset equipped with
B cell helper activity. PLoS One 2012;7(7):e41940.

Ansel KM, Ngo VN, Hyman PL, Luther SA, Forster R, Sedgwick JD, et al. A
chemokine-driven positive feedback loop organizes lymphoid follicles. Nature
2000 Jul;406(6793):309-14.

Ehl S, Schwarz K, Enders A, Duffner U, Pannicke U, Kuhr |, et al. A variant of
SCID with specific immune responses and predominance of gamma delta T
cells. ] Clin Invest 2005 Nov;115(11):3140-8.

de Villartay JP, Lim A, Al-Mousa H, Dupont S, chanet-Merville ], Coumau-
Gatbois E, et al. A novel immunodeficiency associated with hypomorphic
RAGT1 mutations and CMV infection. ] Clin Invest 2005 Nov 1;115(11):3291-9.

Ware RE, Howard TA. Elevated numbers of gamma-delta (gamma deltat+) T
lymphocytes in children with immune thrombocytopenic purpura. ] Clin
Immunol 1994 Jul;14(4):237-47.

Morgan NV, Goddard S, Cardno TS, McDonald D, Rahman F, Barge D, et al.
Mutation in the TCRalpha subunit constant gene (TRAC) leads to a human
immunodeficiency disorder characterized by a lack of TCRalphabeta+ T cells. |
Clin Invest 2011 Feb;121(2):695-702.

Gil ], Busto EM, Garcillan B, Chean C, Garcia-Rodriguez MC, Diaz-Alderete A,
et al. A leaky mutation in CD3D differentially affects alphabeta and gammadelta
T cells and leads to a Talphabeta-Tgammadelta+B+NK+ human SCID. | Clin
Invest 2011 Oct;121(10):3872-6.

Pardoll DM, Fowlkes BJ, Bluestone JA, Kruisbeek A, Maloy WL, Coligan JE, et
al. Differential expression of two distinct T-cell receptors during thymocyte
development. Nature 1987 Mar 5;326(6108):79-81.

Dunon D, Courtois D, Vainio O, Six A, Chen CH, Cooper MD, et al. Ontogeny
of the Immune System: +|/+! and +!/+| T Cells Migrate from Thymus to the
Periphery in Alternating Waves. The Journal of Experimental Medicine 1997
Oct 6;186(7):977-88.

Sinkora M, Sinkora J, Rehakova Z, Splichal I, Yang H, Parkhouse RM, et al.
Prenatal ontogeny of lymphocyte subpopulations in pigs. Immunology 1998
Dec;95(4):595-603.

Sinkora M, Sinkora |, Rehakova Z, Butler JE. Early ontogeny of thymocytes in

pigs: sequential colonization of the thymus by T cell progenitors. ] Immunol
2000 Aug 15;165(4):1832-9.

210



210)

211)

212)

(213)

(214)

(215)

216)

(217)

(218)

(219)

(220)

Carding SR, Kyes S, Jenkinson EJ, Kingston R, Bottomly K, Owen JJ, et al.
Developmentally regulated fetal thymic and extrathymic T-cell receptor gamma
delta gene expression. Genes Dev 1990 Aug;4(8):1304-15.

McVay LD, Jaswal SS, Kennedy C, Hayday A, Carding SR. The generation of
human gammadelta T cell repertoires during fetal development. | Immunol 1998
Jun 15;160(12):5851-60.

Pang DJ, Neves JF, Sumaria N, Pennington DJ. Understanding the complexity
of gammadelta T-cell subsets in mouse and human. Immunology 2012
Jul;136(3):283-90.

Bandeira A, Itohara S, Bonneville M, Butlen-Defranoux O, Mota-Santos T,
Coutinho A, et al. Extrathymic origin of intestinal intraepithelial lymphocytes
bearing T-cell antigen receptor gamma delta. Proc Natl Acad Sci U S A 1991 Jan
1;88(1):43-7.

De Rosa SC, Mitra DK, Watanabe N, Herzenberg LA, Herzenberg LA,
Roederer M. Vdeltal and Vdelta2 gammadelta T cells express distinct surface
markers and might be developmentally distinct lineages. ] Leukoc Biol 2001
Oct;70(4):518-26.

Kenneson A, Cannon MJ. Review and meta-analysis of the epidemiology of
congenital cytomegalovirus (CMV) infection. Rev Med Virol 2007 Jul
1;17(4):253-76.

Gamadia LE, Remmerswaal EB, Weel JF, Bemelman F, van Lier RA, Ten Berge
IJ. Primary immune responses to human CMV: a critical role for IFN-gamma-
producing CD4+ T cells in protection against CMV disease. Blood 2003 Apr
1;101(7):2686-92.

Lilleri D, Fornara C, Furione M, Zavattoni M, Revello MG, Gerna G.
Development of human cytomegalovirus-specific T cell immunity during
primary infection of pregnant women and its correlation with virus transmission

to the fetus. | Infect Dis 2007 Apr 1;195(7):1062-70.

Levy O. Innate immunity of the newborn: basic mechanisms and clinical
correlates. Nat Rev Immunol 2007 May;7(5):379-90.

Wilson CB, Westall ], Johnston L, Lewis DB, Dower SK, Alpert AR. Decreased
production of interferon-gamma by human neonatal cells. Intrinsic and
regulatory deficiencies. ] Clin Invest 1986 Mar;77(3):860-7.

Gibbons DL, Haque SF, Silberzahn T, Hamilton K, Langford C, Ellis P, et al.
Neonates harbour highly active gammadelta T cells with selective impairments
in preterm infants. Eur ] Immunol 2009 Jul;39(7):1794-806.

211



(221)

(222)

Ramsburg E, Tigelaar R, Craft ], Hayday A. Age-dependent requirement for
gammadelta T cells in the primary but not secondary protective immune
response against an intestinal parasite. | Exp Med 2003 Nov 3;198(9):1403-14.

Sacco RE, Haynes JS, Harp JA, Waters WR, Wannemuehler M]J.
Cryptosporidium parvum Initiates Inflammatory Bowel Disease in Germfree T
Cell Receptor-+ | -Deficient Mice. The American journal of pathology 153(6],
1717-1722. 1-12-1998.

Ref Type: Abstract

(223)

(224)

(225)

(226)

(227)

(228)

(229)

(230)

231)

(232)

Wu'Y, Wu W, Wong WM, Ward E, Thrasher AJ, Goldblatt D, et al. Human
gamma delta T Cells: A Lymphoid Lineage Cell Capable of Professional
Phagocytosis. The Journal of Immunology 2009 Nov 1;183(9):5622-9.

Chen Z, Freedman MS. Correlation of specialized CD16+ gamma delta T cells

with disease course and severity in multiple sclerosis. Journal of

Neuroimmunology 2008 Feb;194(11'C62):147-52.

Bodman-Smith MD, Anand A, Durand V, Youinou PY, Lydyard PM.
Decreased expression of FcgammaRIII (CD16) by gammadelta T cells in
patients with rheumatoid arthritis. Immunology 2000 Apr;99(4):498-503.

Groh V, Porcelli S, Fabbi M, Lanier LL, Picker L], Anderson T, et al. Human
lymphocytes beating T cell receptor gamma/delta are phenotypically diverse and
evenly distributed throughout the lymphoid system. | Exp Med 1989 Apr
1;169(4):1277-94.

Hinkovska-Galcheva V, Clark A, VanWay S, Huang B, Hiraoka M, Abe A, et al.
Ceramide kinase promotes Ca2+ signaling near IgG-opsonized targets and
enhances phagolysosomal fusion in COS-1 cells. | Lipid Res 2008
Mar;49(3):531-42.

Aderem A, Underhill DM. Mechanisms of phagocytosis in macrophages. Annu
Rev Immunol 1999;17:593-623.:593-623.

Boyd AW, Schrader JW. Derivation of macrophage-like lines from the pre-B
lymphoma ABLS 8.1 using 5-azacytidine. Nature 1982 Jun 24;297(5868):691-3.

Martin M, Strasser A, Baumgarth N, Cicuttini FM, Welch K| Salvaris E, et al. A
novel cellular model (SPGM 1) of switching between the pre-B cell and
myelomonocytic lineages. ] Immunol 1993 May 15;150(10):4395-406.

Tanaka T, Wu GE, Paige CJ. Characterization of the B cell-macrophage lineage
transition in 70Z/3 cells. Eur ] Immunol 1994 Jul;24(7):1544-8.

Collins RA, Werling D, Duggan SE, Bland AP, Parsons KR, Howard CJ.
Gammadelta T cells present antigen to CD4+ alphabeta T cells. ] Leukoc Biol
1998 Jun;63(6):707-14.

212



(233)

(234)

(235)

(236)

(237)

(238)

(239)

(240)

(241)

(242)

(243)

(244)

(245)

(246)

Brandes M, Willimann K, Moser B. Professional Antigen-Presentation Function
by Human gamma delta T Cells. Science 2005 Jul 8;309(5732):264-8.

Li H, Lebedeva MI, Llera AS, Fields BA, Brenner MB, Mariuzza RA. Structure
of the Vdelta domain of a human gammadelta T-cell antigen receptor. Nature
1998 Jan 29;391(6666):502-6.

Allison TJ, Winter CC, Fournie JJ, Bonneville M, Garboczi DN. Structure of a
human gammadelta T-cell antigen receptor. Nature 2001 Jun 14;411(6839):820-
4.

Chien YH, Bonneville M. Gamma delta T cell receptors. Cell Mol Life Sci 2006
Sep;63(18):2089-94.

Richards MH, Nelson JL. The evolution of vertebrate antigen receptors: a
phylogenetic approach. Mol Biol Evol 2000 Jan;17(1):146-55.

Kreslavsky T, Gleimer M, Garbe Al, Von Boehmer H. Alpha beta versus
gamma delta fate choice: counting the T-cell lineages at the branch point.
Immunological Reviews 2010 Nov 1;238(1):169-81.

Li J, Barreda DR, Zhang YA, Boshra H, Gelman AE, Lapatra S, et al. B
lymphocytes from eatly vertebrates have potent phagocytic and microbicidal
abilities. Nat Immunol 2006 Oct;7(10):1116-24.

Flajnik MF, Du PL. Evolution of innate and adaptive immunity: can we draw a
line? Trends Immunol 2004 Dec;25(12):640-4.

Fisher J, Heuijerjans J, Yan M, Gustafsson K, Anderson J. gamma delta T cells
for cancer immunotherapy. Oncoimmunology 2014 Jan 17;3(1):e27572.

Takamatsu HH, Denyer MS, Wileman TE. A sub-population of circulating
porcine gammadelta T cells can act as professional antigen presenting cells. Vet

Immunol Immunopathol 2002 Sep 10;87(3-4):223-4.

Cheng L, Cui Y, Shao H, Han G, Zhu L, Huang Y, et al. Mouse gammadelta T
cells are capable of expressing MHC class II molecules, and of functioning as
antigen-presenting cells. ] Neuroimmunol 2008 Oct 15;203(1):3-11.

Brandes M, Willimann K, Bioley G, Levy N, Eber]l M, Luo M, et al. Cross-
presenting human gammadelta T cells induce robust CD8+ alphabeta T cell
responses. Proc Natl Acad Sci U S A 2009 Feb 17;106(7):2307-12.

Landmeier S, Altvater B, Pscherer S, Juergens H, Varnholt I, Hansmeier A, et
al. Activated human gammadelta T cells as stimulators of specific CD8+ T-cell
responses to subdominant Epstein Barr virus epitopes: potential for
immunotherapy of cancer. ] Immunother 2009 Apr;32(3):310-21.

Himoudi N, Morgenstern DA, Yan M, Vernay B, Saraiva L, Wu Y, et al. Human
gamma delta T Lymphocytes Are Licensed for Professional Antigen

213



(247)

(248)

(249)

(250)

251)

(252)

(253)

(254)

(255)

(256)

Presentation by Interaction with Opsonized Target Cells. The Journal of
Immunology 2012 Feb 15;188(4):1708-16.

Meuter S, Eberl M, Moser B. Prolonged antigen survival and cytosolic export in

cross-presenting human gamma delta T cells. Proceedings of the National
Academy of Sciences 2010 May 11;107(19):8730-5.

Anderson J, Gustafsson K, Himoudi N, Yan M, Heuijetjans J. Licensing of
gammadeltaT cells for professional antigen presentation: A new role for
antibodies in regulation of antitumor immune responses. Oncoimmunology

2012 Dec 1;1(9):1652-4.

Pierre P, Turley SJ, Gatti E, Hull M, Meltzer |, Mirza A, et al. Developmental
regulation of MHC class 11 transport in mouse dendritic cells. Nature 1997 Aug
21;388(6644):787-92.

Steinman RM, Inaba K, Tutley S, Pierre P, Mellman 1. Antigen capture,
processing, and presentation by dendritic cells: recent cell biological studies.
Hum Immunol 1999 Jul;60(7):562-7.

Pont F, Familiades ], Dejean S, Fruchon S, Cendron D, Poupot M, et al. The
gene expression profile of phosphoantigen-specific human gammadelta T

lymphocytes is a blend of alphabeta T-cell and NK-cell signatures. Eur ]
Immunol 2012 Jan;42(1):228-40.

Salot S, Laplace C, Saiagh S, Bercegeay S, Tenaud I, Cassidanius A, et al. Large
scale expansion of gamma 9 delta 2 T lymphocytes: Innacell gamma delta cell
therapy product. | Immunol Methods 2007 Sep 30;326(1-2):63-75.

Otto M, Barfield RC, Iyengar R, Gatewood J, Muller I, Holladay MS, et al.
Human gammadelta T cells from G-CSF-mobilized donors retain strong
tumoricidal activity and produce immunomodulatory cytokines after clinical-
scale isolation. | Immunother 2005 Jan;28(1):73-8.

Lopez RD, Xu S, Guo B, Negrin RS, Waller EK. CD2-mediated IL-12-
dependent signals render human gamma delta-T cells resistant to mitogen-
induced apoptosis, permitting the large-scale ex vivo expansion of functionally

distinct lymphocytes: implications for the development of adoptive
immunotherapy strategies. Blood 2000 Dec 1;96(12):3827-37.

Schoenberger SP, Toes RE, van der Voort EI, Offringa R, Melief CJ. T-cell help
for cytotoxic T lymphocytes is mediated by CD40-CD40L interactions. Nature
1998 Jun 4;393(6684):480-3.

Ridge JP, Di RF, Matzinger P. A conditioned dendritic cell can be a temporal
bridge between a CD4+ T-helper and a T-killer cell. Nature 1998 Jun
4;393(6684):474-8.

214



257)

(258)

(259)

260)

(261)

(262)

(263)

(264)

(265)

(266)

(267)

(268)

Bennett SR, Carbone FR, Karamalis F, Flavell RA, Miller JF, Heath WR. Help
for cytotoxic-T-cell responses is mediated by CD40 signalling. Nature 1998 Jun
4;393(6684):478-80.

Hanna J, Gonen-Gross T, Fitchett |, Rowe T, Daniels M, Arnon TI, et al. Novel
APC-like properties of human NK cells directly regulate T cell activation. | Clin
Invest 2004 Dec 1;114(11):1612-23.

Hanna J, Mandelboim O. When killers become helpers. Trends Immunol 2007
May 1;28(5):201-6.

Toka FN, Kenney MA, Golde WT. Rapid and transient activation of
gammadelta T cells to IFN-gamma production, NK cell-like killing, and antigen
processing during acute virus infection. | Immunol 2011 Apr 15;186(8):4853-61.

Canaday DH, Gehring A, Leonard EG, Eilertson B, Schreiber JR, Harding CV,
et al. T-cell hybridomas from HLA-transgenic mice as tools for analysis of
human antigen processing. ] Immunol Methods 2003 Oct 1;281(1-2):129-42.

Conner SD, Schmid SL. Regulated portals of entry into the cell. Nature 2003
Mar 6;422(6927):37-44.

Stuart LM, Ezekowitz RA. Phagocytosis: Elegant Complexity. Immunity 2005
May;22(5):539-50.

Van Strijp JA, Van Kessel KP, van der Tol ME, Verhoef J. Complement-
mediated phagocytosis of herpes simplex virus by granulocytes. Binding or
ingestion. J Clin Invest 1989 Jul;84(1):107-12.

Hed J, Hallden G, Johansson SG, Larsson P. The use of fluorescence quenching
in flow cytofluorometry to measure the attachment and ingestion phases in
phagocytosis in peripheral blood without prior cell separation. | Immunol
Methods 1987 Jul 16;101(1):119-25.

Van Amersfoort ES, Van Strijp JA. Evaluation of a flow cytometric fluorescence
quenching assay of phagocytosis of sensitized sheep erythrocytes by
polymorphonuclear leukocytes. Cytometry 1994 Dec 1;17(4):294-301.

Liang F, Seyrantepe V, Landry K, Ahmad R, Ahmad A, Stamatos NM, et al.
Monocyte Differentiation Up-regulates the Expression of the Lysosomal
Sialidase, Neul, and Triggers Its Targeting to the Plasma Membrane via Major
Histocompatibility Complex Class II-positive Compartments. Journal of
Biological Chemistry 2006 Sep 15;281(37):27526-38.

Levashina EA, Moita LF, Blandin S, Vriend G, Lagueux M, Kafatos FC.
Conserved role of a complement-like protein in phagocytosis revealed by
dsRNA knockout in cultured cells of the mosquito, Anopheles gambiae. Cell
2001 Mar 9;104(5):709-18.

215



(269)

(270)

@71)

272)

273)

(274)

275)

276)

277)

278)

279)

(280)

281)

Suzuki T, Kono H, Hirose N, Okada M, Yamamoto T, Yamamoto K, et al.
Differential Involvement of Src Family Kinases in Fcgamma Receptor-Mediated
Phagocytosis. The Journal of Immunology 2000 Jul 1;165(1):473-82.

Seastone DJ, Zhang I, Buczynski G, Rebstein P, Weeks G, Spiegelman G, et al.
The Small Mr Ras-like GTPase Rap1 and the Phospholipase C Pathway Act to
Regulate Phagocytosis inDictyostelium discoideum. Molecular Biology of the
Cell 1999 Feb 1;10(2):393-406.

Baorto DM, Gao Z, Malaviya R, Dustin ML, van der Merwe A, Lublin DM, et
al. Survival of FimH-expressing enterobacteria in macrophages relies on
glycolipid traffic. Nature 1997 Oct 9;389(6651):636-9.

Vega VL, De Maio A. Increase in Phagocytosis after Geldanamycin Treatment
or Heat Shock: Role of Heat Shock Proteins. The Journal of Immunology 2005
Oct 15;175(8):5280-7.

Cormack BP, Valdivia RH, Falkow S. FACS-optimized mutants of the green
fluorescent protein (GFP). Gene 1996;173(1 Spec No):33-8.

Karsi A, Lawrence ML. Broad host range fluorescence and bioluminescence
expression vectors for Gram-negative bacteria. Plasmid 2007 May;57(3):286-95.

Myrdal SE, Steyger PS. TRPV1 regulators mediate gentamicin penetration of
cultured kidney cells. Hear Res 2005 Jun;204(1-2):170-82.

Filias A, Theodorou GL, Mouzopoulou S, Varvarigou AA, Mantagos S,

Karakantza M. Phagocytic ability of neutrophils and monocytes in neonates.
BMC Pediatr 2011 Apr 14;11:29. doi: 10.1186/1471-2431-11-29.:29-11.

Dayyani F, Joeinig A, Ziegler-Heitbrock L, Schmidmaier R, Straka C, Emmerich
B, et al. Autologous stem-cell transplantation restores the functional properties
of CD14+CD16+ monocytes in patients with myeloma and lymphoma. |
Leukoc Biol 2004 Feb;75(2):207-13.

Haufe D, Koenigshausen E, Knels L, Wendel M, Stehr SN, Koch T. Leukocyte
antibacterial functions are not impaired by perfluorocarbon exposure in vitro.

Am ] Physiol Lung Cell Mol Physiol 2008 Jul;295(1):1.134-1.142.

Ancliff PJ, Blundell MP, Cory GO, Calle Y, Worth A, Kempski H, et al. Two
novel activating mutations in the Wiskott-Aldrich syndrome protein result in
congenital neutropenia. Blood 2006 Jun 27;108(7):2182-9.

Becton DaC. Introduction to Flow Cytometry: A Learning Guide, Manual Part
Number: 11-11032-01. BD Biosciences; 2000.

Carmona-Rivera C, Kaplan MJ. Low-density granulocytes: a distinct class of

neutrophils in systemic autoimmunity. Semin Immunopathol 2013 Jul;35(4):455-
63.

216



(282)

(283)

(284)

(285)

(286)

(287)

(288)

(289)

(290)

(291)

(292)

(293)

(294)

(295)

Cloke T, Munder M, Taylor G, Muller I, Kropf P. Characterization of a novel
population of low-density granulocytes associated with disease severity in HIV-1
infection. PLoS One 2012;7(11):¢48939.

McKenna KC, Beatty KM, Vicetti MR, Bilonick RA. Delayed processing of
blood increases the frequency of activated CD11b+ CD15+ granulocytes which
inhibit T cell function. ] Immunol Methods 2009 Feb 28;341(1-2):68-75.

Preobrazhensky SN, Bahler DW. Immunomagnetic bead separation of
mononuclear cells from contaminating granulocytes in cryopreserved blood
samples. Cryobiology 2009 Dec;59(3):366-8.

Rabinovitch M. Professional and non-professional phagocytes: an introduction.
Trends Cell Biol 1995 Mar;5(3):85-7.

Roos D, Winterbourn CC. Immunology. Lethal weapons. Science 2002 Apr
206;296(5568):669-71.

Ochs HD, Igo RP. The NBT slide test: a simple screening method for detecting
chronic granulomatous disease and female carriers. | Pediatr 1973 Jul;83(1):77-
82.

Fournie JJ, Bonneville M, Poupot M, Scotet E, Gertner J. Lymphocytes: Gamma
Delta. John Wiley & Sons, Ltd.; 2007.

Clemenceau B, Vivien R, Berthome M, Robillard N, Garand R, Gallot G, et al.
Effector memory alphabeta T lymphocytes can express FcgammaRIIIa and

mediate antibody-dependent cellular cytotoxicity. ] Immunol 2008 Apr
15;180(8):5327-34.

Macleod AS, Havran WL. Functions of skin-resident gammadelta T cells. Cell
Mol Life Sci 2011 Jul;68(14):2399-408.

Puellmann K, Kaminski WE, Vogel M, Nebe CT, Schroeder J, Wolf H, et al. A
variable immunoreceptor in a subpopulation of human neutrophils. Proceedings

of the National Academy of Sciences 2006 Sep 26;103(39):14441-6.

Legrand F, Driss V, Woerly G, Loiseau S, Hermann E, Fournie JJ, et al. A
functional gammadeltaTCR/CD3 complex distinct from gammadeltaT cells is
expressed by human eosinophils. PLoS One 2009 Jun 17;4(6):e5926.

Fuchs T, Puellmann K, Hahn M, Dollt C, Pechlivanidou I, Ovsiy I, et al. A
second combinatorial immune receptor in monocytes/macrophages is based on
the TCRgamma delta. Immunobiology 2013 Jul 1;218(7):960-8.

Roden AC, Morice WG, Hanson CA. Immunophenotypic attributes of benign
peripheral blood gammadelta T cells and conditions associated with their
increase. Arch Pathol Lab Med 2008 Nov;132(11):1774-80.

James F.Leary. Methods in Cell Biology. Academic Press Inc.; 1994.
217



(296)

297)

(298)

(299)

(300)

(301)

(302)

(303)

(304)

(305)

(306)

(307)

Mayeno AN, Hamann KJ, Gleich GJ. Granule-associated flavin adenine
dinucleotide (FAD) is responsible for eosinophil autofluorescence. ] Leukoc
Biol 1992 Feb;51(2):172-5.

Weil GJ, Chused TM. Eosinophil autofluorescence and its use in isolation and

analysis of human eosinophils using flow microfluorometry. Blood 1981
Jun;57(6):1099-104.

Gopinath R, Nutman TB. Identification of eosinophils in lysed whole blood
using side scatter and CD16 negativity. Cytometry 1997 Dec 15;30(6):313-6.

Bedner E, Halicka HD, Cheng W, Salomon T, Deptala A, Gorczyca W, et al.
High affinity binding of fluorescein isothiocyanate to eosinophils detected by
laser scanning cytometry: a potential source of error in analysis of blood samples

utilizing fluorescein-conjugated reagents in flow cytometry. Cytometry 1999 May
1;36(1):77-82.

Chadburn A, Inghirami G, Knowles DM. The kinetics and temporal expression
of T-cell activation-associated antigens CD15 (LeuM1), CD30 (Ki-1), EMA, and
CD11c (LeuM5) by benign activated T cells. Hematol Pathol 1992;6(4):193-202.

Park JG, Isaacs RE, Chien P, Schreiber AD. In the absence of other Fc

receptors, Fc gamma RIITA transmits a phagocytic signal that requires the
cytoplasmic domain of its gamma subunit. | Clin Invest 1993 Oct;92(4):1967-73.

Nagarajan S, Chesla S, Cobern L, Anderson P, Zhu C, Selvaraj P. Ligand
Binding and Phagocytosis by CD16 (Fc gamma Receptor I11) Isoforms:
phagocytic signaling by associated zeta and gamma subunits in chinese hamster
ovary cells. Journal of Biological Chemistry 1995 Oct 27;270(43):25762-70.

Evans RL, Faldetta T], Humphreys RE, Pratt DM, Yunis EJ, Schlossman SF.
Peripheral human T cells sensitized in mixed leukocyte culture synthesize and

express la-like antigens. ] Exp Med 1978 Nov 1;148(5):1440-5.

Pichler W], Wyss-Coray T. T cells as antigen-presenting cells. Immunol Today
1994 Jul;15(7):312-5.

Lanzavecchia A, Roosnek E, Gregory T, Berman P, Abrignani S. T cells can
present antigens such as HIV gp120 targeted to their own surface molecules.
Nature 1988 Aug 11;334(6182):530-2.

Hewitt CR, Feldmann M. Human T cell clones present antigen. | Immunol 1989
Jul 15;143(2):762-9.

Triebel F, de RS, Blanc C, Charron DJ, Debre P. Expression of MHC class 11
and Tac antigens on IL.2-activated human T cell clones that can stimulate in
MLR, AMLR, PLT and can present antigen. Hum Immunol 1986
Mar;15(3):302-15.

218



(308)

(309)

(310)

311)

(312)

(313)

(314)

(315)

(316)

(317)

(318)

(319)

Siliciano RF, Lawton T, Knall C, Karr RW, Berman P, Gregory T, et al. Analysis
of host-virus interactions in AIDS with anti-gp120 T cell clones: effect of HIV
sequence variation and a mechanism for CD4+ cell depletion. Cell 1988 Aug

12;54(4):561-75.

Wyss-Coray T, Brander C, Bettens F, Mijic D, Pichler WJ. Use of
antibody/peptide constructs of direct antigenic peptides to T cells: evidence for
T cell processing and presentation. Cell Immunol 1992 Jan;139(1):268-73.

Wyss-Coray T, Brander C, Frutig K, Pichler WJ. Discrimination of human CD4
T cell clones based on their reactivity with antigen-presenting T cells. Eur |
Immunol 1992 Sep;22(9):2295-302.

LaSalle JM, Ota K, Hafler DA. Presentation of autoantigen by human T cells. ]
Immunol 1991 Aug 1;147(3):774-80.

LaSalle JM, Tolentino PJ, Freeman GJ, Nadler LM, Hafler DA. Early signaling
defects in human T cells anergized by T cell presentation of autoantigen. | Exp
Med 1992 Jul 1;176(1):177-86.

Barnaba V, Watts C, de BM, Lane P, Lanzavecchia A. Professional presentation
of antigen by activated human T cells. Eur | Immunol 1994 Jan;24(1):71-5.

Nakada M, Nishizaki K, Yoshino T, Okano M, Yamamoto T, Masuda Y, et al.
CD80 (B7-1) and CD86 (B7-2) antigens on house dust mite-specific T cells in
atopic disease function through T-T cell interactions. ] Allergy Clin Immunol
1999 Jul;104(1):222-7.

Sidhu §, Deacock S, Bal V, Batchelor JR, Lombardi G, Lechler RI. Human T
cells cannot act as autonomous antigen-presenting cells, but induce tolerance in
antigen-specific and alloreactive responder cells. ] Exp Med 1992 Sep
1;176(3):875-80.

Ko HS, Fu SM, Winchester R], Yu DT, Kunkel HG. Ia determinants on
stimulated human T lymphocytes. Occurrence on mitogen- and antigen-

activated T cells. | Exp Med 1979 Aug 1;150(2):246-55.

Costantino CM, Ploegh HL, Hafler DA. Cathepsin S regulates class II MHC
processing in human CD4+ HLA-DR+ T cells. ] Immunol 2009 Jul
15;183(2):945-52.

Kuka M, Munitic I, Ashwell JD. Identification and characterization of polyclonal
alphabeta-T cells with dendritic cell properties. Nat Commun 2012;3:1223. doi:
10.1038/ncomms2223.:1223.

Prabhu Das MR, Zamvil SS, Borriello F, Weiner HL,, Sharpe AH, Kuchroo VK.
Reciprocal expression of co-stimulatory molecules, B7-1 and B7-2, on murine T
cells following activation. Eur | Immunol 1995 Jan;25(1):207-11.

219



(320)

(321)

(322)

(323)

(324)

(325)

(326)

(327)

(328)

(329)

(330)

(331)

Holling TM, Schooten E, van Den Elsen PJ. Function and regulation of MHC
class II molecules in T-lymphocytes: of mice and men. Hum Immunol 2004
Apr;65(4):282-90.

Azuma M, Yssel H, Phillips JH, Spits H, Lanier LL.. Functional expression of
B7/BB1 on activated T lymphocytes. ] Exp Med 1993 Mar 1;177(3):845-50.

Sansom DM, Hall ND. B7/BBl, the ligand for CD28, is expressed on
repeatedly activated human T cells in vitro. Eur ] Immunol 1993 Jan;23(1):295-
8.

Wyss-Coray T, Mauri-Hellweg D, Baumann K, Bettens F, Grunow R, Pichler
WJ. The B7 adhesion molecule is expressed on activated human T cells:
functional involvement in T-T cell interactions. Eur | Immunol 1993

Sep;23(9):2175-80.

Lanier LL. Back to the future--defining NK cells and T cells. Eur | Immunol
2007 Jun;37(6):1424-6.

Galy A, Travis M, Cen D, Chen B. Human T, B, natural killer, and dendritic
cells arise from a common bone marrow progenitor cell subset. Immunity 1995
Oct;3(4):459-73.

Hoebeke I, De SM, Stolz F, Pike-Overzet K, Staal FJ, Plum |, et al. T-, B- and
NK-lymphoid, but not myeloid cells arise from human CD34(+)CD38(-
)CD7(+) common lymphoid progenitors expressing lymphoid-specific genes.
Leukemia 2007 Feb;21(2):311-9.

Lamb JR, Fledmann M. A human suppressor T cell clone which recognizes an
autologous helper T cell clone. Nature 1982 Dec 2;300(5891):456-8.

Roncarolo MG, Bigler M, Haanen ]B, Yssel H, Bacchetta R, de Vries JE, et al.
Natural killer cell clones can efficiently process and present protein antigens. |

Immunol 1991 Aug 1;147(3):781-7.

Taams LS, van EW, Wauben MH. Antigen presentation by T cells versus
professional antigen-presenting cells (APC): differential consequences for T cell
activation and subsequent T cell-APC interactions. Eur | Immunol 1999
May;29(5):1543-50.

Ziegler HK, Unanue ER. Decrease in macrophage antigen catabolism caused by
ammonia and chloroquine is associated with inhibition of antigen presentation
to T cells. Proc Natl Acad Sci U S A 1982 Jan;79(1):175-8.

Schwartz T, Allen LA. Role of urease in megasome formation and Helicobacter
pylori survival in macrophages. Journal of Leukocyte Biology 2006 Jun
1;79(6):1214-25.

220



(332) Schultz KR, Nelson D, Bader S. Synergy between lysosomotropic amines and
cyclosporin A on human T cell responses to an exogenous protein antigen,

tetanus toxoid. Bone Marrow Transplant 1996 Sep;18(3):625-31.

(333) Accapezzato D, Visco V, Francavilla V, Molette C, Donato T, Paroli M, et al.
Chloroquine enhances human CD8+ T cell responses against soluble antigens in
vivo. ] Exp Med 2005 Sep;%19;202(6):817-28.

(334) Qi L, Ostrand-Rosenberg S. MHC class II presentation of endogenous tumor
antigen by cellular vaccines depends on the endocytic pathway but not H2-M.
Traffic 2000 Feb;1(2):152-60.

(335) Rojas RE, Torres M, Fournie JJ, Harding CV, Boom WH. Phosphoantigen
presentation by macrophages to mycobacterium tuberculosis--reactive
Vgamma9Vdelta2+ T cells: modulation by chloroquine. Infect Immun 2002
Aug;70(8):4019-27.

(336) Nestle FO, Filgueira L, Nickoloff BJ, Burg G. Human dermal dendritic cells
process and present soluble protein antigens. | Invest Dermatol 1998
May;110(5):762-6.

(337) Kim KH, Solvay MJ, Thomas DW. Cellular requirements for antigen processing
by antigen-presenting cells: evidence for different pathways in forming the same
antigenic determinants. Cell Immunol 1985 Dec;96(2):267-76.

(338) Goldman FD, Gilman AL, Hollenback C, Kato RM, Premack BA, Rawlings D]J.
Hydroxychloroquine inhibits calcium signals in T cells: a new mechanism to
explain its immunomodulatory properties. Blood 2000 Jun 1;95(11):3460-6.

(339) Landewe RB, Miltenburg AM, Verdonk M], Verweij CL, Breedveld FC, Daha
MR, et al. Chloroquine inhibits T cell proliferation by interfering with I11.-2
production and responsiveness. Clin Exp Immunol 1995 Oct;102(1):144-51.

(340) Woc-Colburn L, Smultea L, Ramachandra I, Canaday DH. Preserved MHC
class II antigen processing in monocytes from HIV-infected individuals. PLoS
One 2010 Mar 3;5(3):¢9491.

(341) Kiessling R, Klein E, Pross H, Wigzell H. "Natural" killer cells in the mouse. 11.
Cytotoxic cells with specificity for mouse Moloney leukemia cells.
Characteristics of the killer cell. Eur ] Immunol 1975 Feb;5(2):117-21.

(342) Burt BM, Plitas G, Nguyen HM, Stableford JA, Bamboat ZM, Dematteo RP.
Circulating HLA-DR(+) natural killer cells have potent lytic ability and weak
antigen-presenting cell function. Hum Immunol 2008 Aug;69(8):469-74.

(343) Evans JH, Horowitz A, Mehrabi M, Wise EL, Pease JE, Riley EM, et al. A
distinct subset of human NK cells expressing HLA-DR expand in response to
IL-2 and can aid immune responses to BCG. Eur ] Immunol 2011
Jul;41(7):1924-33.

221



(344)

(345)

(340)

(347)

(348)

(349)

(350)

(351)

(352)

(353)

(354)

(355)

(356)

(357)

Merad M, Sathe P, Helft |, Miller J, Mortha A. The Dendritic Cell Lineage:
Ontogeny and Function of Dendritic Cells and Their Subsets in the Steady State
and the Inflamed Setting. Annu Rev Immunol 2013 Mar 21;31(1):563-604.

Lanier LL. NK cell recognition. Annu Rev Immunol 2005;23:225-74.:225-74.

Sharrow SO, Mathieson BJ, Singer A. Cell surface appearance of unexpected
host MHC determinants on thymocytes from radiation bone marrow chimeras. |
Immunol 1981 Apr;126(4):1327-35.

Lorber MI, Loken MR, Stall AM, Fitch FW. I-A antigens on cloned alloreactive
murine T lymphocytes are acquired passively. | Immunol 1982 Jun;128(6):2798-
803.

Patel DM, Dudek RW, Mannie MD. Intercellular exchange of class I MHC
complexes: ultrastructural localization and functional presentation of adsorbed

I-A/peptide complexes. Cell Immunol 2001 Nov 25;214(1):21-34.

Tsang JY, Chai |G, Lechler R. Antigen presentation by mouse CD4+ T cells
involving acquired MHC class II:peptide complexes: another mechanism to limit
clonal expansion? Blood 2003 Apr 1;101(7):2704-10.

Lanzavecchia A. Receptor-mediated antigen uptake and its effect on antigen

presentation to class II-restricted T lymphocytes. Annu Rev Immunol
1990,8:773-93.:773-93.

Blum JS, Wearsch PA, Cresswell P. Pathways of antigen processing. Annu Rev
Immunol 2013;31:443-73. doi: 10.1146/annurev-immunol-032712-095910.
Epub@?2013 Jan 3.:443-73.

Smith-Garvin JE, Koretzky GA, Jordan MS. T Cell Activation. Annu Rev
Immunol 2009 Mar 20;27(1):591-619.

Delvig AA, Robinson JH. Different endosomal proteolysis requirements for
antigen processing of two T-cell epitopes of the M5 protein from viable
Streptococcus pyogenes. | Biol Chem 1998 Feb 6;273(6):3291-5.

Agrati C, D'Offizi G, Gougeon ML, Malkovsky M, Sacchi A, Casetti R, et al.
Innate gamma/delta T-cells during HIV infection: Terra relatively Incognita in
novel vaccination strategies? AIDS Rev 2011 Jan;13(1):3-12.

Stagg AJ, Knight SC. Antigen-presenting Cells. eL.S. John Wiley & Sons, Ltd;
2001.

Mondino A, Jenkins MK. Surface proteins involved in T cell costimulation. |
Leukoc Biol 1994 Jun;55(6):805-15.

Sprent J. Antigen-presenting cells. Professionals and amateurs. Curr Biol 1995
Oct 1;5(10):1095-7.

222



(358)

(359)

(360)

(361)

(362)

(363)

(364)

(365)

(366)

(367)

(368)

(369)

(370)

Moser B, Brandes M. Gammadelta T cells: an alternative type of professional
APC. Trends Immunol 2006 Mar;27(3):112-8.

Weiner LM, Surana R, Wang S. Monoclonal antibodies: versatile platforms for
cancer immunotherapy. Nat Rev Immunol 2010 May;10(5):317-27.

Bj+Arkstr+Am NK, Gonzalez VD, Malmberg KJ, Falconer K, Alaeus A,
Nowak G, et al. Elevated Numbers of Fc+ | RIIIA+ (CD16+) Effector CD8 T
Cells with NK Cell-Like Function in Chronic Hepatitis C Virus Infection. The
Journal of Immunology 2008 Sep 15;181(6):4219-28.

Lanzavecchia A, Sallusto F. Dynamics of T Lymphocyte Responses:
Intermediates, Effectors, and Memory Cells. Science 2000 Oct 6;290(5489):92-7.

Dieli F, Poccia F, Lipp M, Sireci G, Caccamo N, D1 SC, et al. Differentiation of
effector/memory Vdelta2 T cells and migratory routes in lymph nodes or
inflammatory sites. ] Exp Med 2003 Aug 4;198(3):391-7.

Sallusto F, Lenig D, Forster R, Lipp M, Lanzavecchia A. Two subsets of
memory T lymphocytes with distinct homing potentials and effector functions.
Nature 1999 Oct 14;401(6754):708-12.

Trkola A, Purtscher M, Muster T, Ballaun C, Buchacher A, Sullivan N, et al.
Human monoclonal antibody 2G12 defines a distinctive neutralization epitope

on the gp120 glycoprotein of human immunodeficiency virus type 1. ] Virol
1996 Feb;70(2):1100-8.

Madhavi V, Kent SJ, Stratov I. HIV-specific antibody-dependent cellular
cytotoxicity: a novel vaccine modality. Expert Rev Clin Immunol 2012

Nov;8(8):767-74.

Arstila TP, Casrouge A, Baron V+, Even ], Kanellopoulos |, Kourilsky P. A
Direct Estimate of the Human + |+ | T Cell Receptor Diversity. Science 1999
Oct 29;286(5441):958-61.

Bunbury A, Potolicchio I, Maitra R, Santambrogio L. Functional analysis of
monocyte MHC class II compartments. FASEB ] 2009 Jan;23(1):164-71.

Ziegler-Heitbrock L. The CD14+ CD16+ blood monocytes: their role in
infection and inflammation. | Leukoc Biol 2007 Mar;81(3):584-92.

Yokobori N, Schietloh P, Geffner L., Balboa 1., Romero M, Musella R, et al.
CD3 expression distinguishes two gamma delta T cell receptor subsets with
different phenotype and effector function in tuberculous pleurisy. Clin Exp
Immunol 2009 Sep;157(3):385-94.

Cooper MA, Fehniger TA, Caligiuri MA. The biology of human natural killer-
cell subsets. Trends Immunol22(11):633-40.

223



(371)

(372)

(373)

(374)

(375)

(376)

(377)

(378)

(379)

(380)

(381)

(382)

Maecker HT, Frey T, Nomura LE, Trotter J. Selecting fluorochrome conjugates
for maximum sensitivity. Cytometry A 2004 Dec;62(2):169-73.

Fulop T, Larbi A, Pawelec G. Human T Cell Aging and the Impact of Persistent
Viral Infections. Front Immunol 2013 Sep 13;4:271. eCollection@?2013.:271.

Anane LH, Edwards KM, Burns VE, Zanten JJ, Drayson MT, Bosch JA.
Phenotypic characterization of gammadelta T cells mobilized in response to
acute psychological stress. Brain Behav Immun 2010 May;24(4):608-14.

Espinosa E, Tabiasco |, Hudrisier D, Fournie JJ. Synaptic transfer by human
gamma delta T cells stimulated with soluble or cellular antigens. ] Immunol 2002
Jun 15;168(12):6336-43.

Tabiasco J, Espinosa E, Hudrisier D, Joly E, Fournie JJ, Vercellone A. Active
trans-synaptic capture of membrane fragments by natural killer cells. Eur |
Immunol 2002 May;32(5):1502-8.

Hudrisier D, Riond J, Mazarguil H, Gairin JE, Joly E. Cutting edge: CTLs
rapidly capture membrane fragments from target cells in a TCR signaling-
dependent manner. ] Immunol 2001 Mar 15;166(6):3645-9.

Laad AD, Thomas ML, Fakih AR, Chiplunkar SV. Human gamma delta T cells
recognize heat shock protein-60 on oral tumor cells. Int ] Cancer 1999 Mar
1;80(5):709-14.

Kaur I, Voss SD, Gupta RS, Schell K, Fisch P, Sondel PM. Human peripheral
gamma delta T cells recognize hsp60 molecules on Daudi Burkitt's lymphoma
cells. ] Immunol 1993 Mar 1;150(5):2046-55.

Maniar A, Zhang X, Lin W, Gastman BR, Pauza CD, Strome SE, et al. Human
gammadelta T lymphocytes induce robust NK cell-mediated antitumor
cytotoxicity through CD137 engagement. Blood 2010 Sep 9;116(10):1726-33.

Fisch P, Meuer E, Pende D, Rothenfusser S, Viale O, Kock S, et al. Control of

B cell lymphoma recognition via natural killer inhibitory receptors implies a role
for human Vgamma9/Vdelta2 T cells in tumor immunity. Eur | Immunol 1997
Dec;27(12):3368-79.

Rothenfusser S, Buchwald A, Kock S, Ferrone S, Fisch P. Missing HLLA class 1
expression on Daudi cells unveils cytotoxic and proliferative responses of
human gammadelta T lymphocytes. Cell Immunol 2002 Jan;215(1):32-44.

Chen J, Niu H, He W, Ba D. Antitumor activity of expanded human tumor-
infiltrating gammadelta T lymphocytes. Int Arch Allergy Immunol 2001
Jul;125(3):256-63.

224



(383)

(384)

(385)

(386)

(387)

(388)

(389)

(390)

(391)

(392)

(393)

Schilbach KE, Geiselhart A, Wessels JT, Niethammer D, Handgretinger R.
Human gammadelta T lymphocytes exert natural and IL.-2-induced cytotoxicity
to neuroblastoma cells. ] Immunother 2000 Sep;23(5):536-48.

Thomas ML, Samant UC, Deshpande RK, Chiplunkar SV. gammadelta T cells
lyse autologous and allogenic oesophageal tumours: involvement of heat-shock

proteins in the tumour cell lysis. Cancer Immunol Immunother 2000
Feb;48(11):653-9.

Zeine R, Pon R, Ladiwala U, Antel JP, Filion LG, Freedman MS. Mechanism of
gammadelta T cell-induced human oligodendrocyte cytotoxicity: relevance to
multiple sclerosis. ] Neuroimmunol 1998 Jul 1;87(1-2):49-61.

Onfelt B, Nedvetzki S, Yanagi K, Davis DM. Cutting edge: Membrane
nanotubes connect immune cells. ] Immunol 2004 Aug 1;173(3):1511-3.

Verschueren H, van dT, I, Dewit |, De BJ, De BP, Aktories K, et al. Effects of
Clostridium botulinum C2 toxin and cytochalasin D on in vitro invasiveness,

motility and F-actin content of a murine T-lymphoma cell line. Eur | Cell Biol
1995 Apr;66(4):335-41.

Fisher J, Yan M, Heuijerjans J, Carter L, Abolhassani A, Frosch J, et al.
Neuroblastoma killing properties of V-delta 2 and V-delta2 negative gamma
delta T cells following expansion by artificial antigen presenting cells. Clin
Cancer Res 2014 Jun 3;clincanres.

Buchacher A, Predl R, Strutzenberger K, Steinfellner W, Trkola A, Purtscher M,
et al. Generation of human monoclonal antibodies against HIV-1 proteins;
electrofusion and Epstein-Barr virus transformation for peripheral blood
lymphocyte immortalization. AIDS Res Hum Retroviruses 1994 Apr;10(4):359-
69.

Sheehy ME, McDermott AB, Furlan SN, Klenerman P, Nixon DF. A novel
technique for the fluorometric assessment of T lymphocyte antigen specific

lysis. ] Immunol Methods 2001 Mar 1;249(1-2):99-110.

Gomez-Roman VR, Florese RH, Patterson L], Peng B, Venzon D, Aldrich K| et
al. A simplified method for the rapid fluorometric assessment of antibody-
dependent cell-mediated cytotoxicity. ] Immunol Methods 2006 Jan;%20;308(1-
2):53-67.

Mickel RA, Kessler DJ, Taylor JM, Lichtenstein A. Natural killer cell cytotoxicity
in the peripheral blood, cervical lymph nodes, and tumor of head and neck
cancer patients. Cancer Res 1988 Sep 1;48(17):5017-22.

Olson LM, Visek WJ. Kinetics of cell-mediated cytotoxicity in mice fed diets of
various fat contents. ] Nutr 1990 Jun;120(6):619-24.

225



(394)

(395)

(396)

(397)

(398)

(399)

(400)

(401)

(402)

(403)

Lavie G, Meruelo D, Aroyo K, Mandel M. Inhibition of the CD8+ T cell-
mediated cytotoxicity reaction by hypericin: potential for treatment of T cell-
mediated diseases. Int Immunol 2000 Apr;12(4):479-86.

Lamikanra A, Pan ZK, Isaacs SN, Wu TC, Paterson Y. Regression of
established human papillomavirus type 16 (HPV-16) immortalized tumors in
vivo by vaccinia viruses expressing different forms of HPV-16 E7 correlates
with enhanced CD8(+) T-cell responses that home to the tumor site. | Virol
2001 Oct;75(20):9654-64.

Schmidt KN, Leung B, Kwong M, Zarember KA, Satyal S, Navas TA, et al.
APC-independent activation of NK cells by the Toll-like receptor 3 agonist
double-stranded RNA. | Immunol 2004 Jan 1;172(1):138-43.

Wallace D, Hildesheim A, Pinto LA. Comparison of benchtop microplate beta
counters with the traditional gamma counting method for measurement of

chromium-51 release in cytotoxic assays. Clin Diagn Lab Immunol 2004
Mar;11(2):255-60.

Perfetto SP, Chattopadhyay PK, Lamoreaux L, Nguyen R, Ambrozak D, Koup
RA, et al. Amine-reactive dyes for dead cell discrimination in fixed samples. Curr
Protoc Cytom 2010 Jul;Chapter 9:Unit 9.34. doi:
10.1002/0471142956.cy0934s53.:Unit.

Beum PV, Lindorfer MA, Taylor RP. Within peripheral blood mononuclear
cells, antibody-dependent cellular cytotoxicity of rituximab-opsonized Daudi

cells is promoted by NK cells and inhibited by monocytes due to shaving. |
Immunol 2008 Aug 15;181(4):2916-24.

lida S, Kuni-Kamochi R, Mori K, Misaka H, Inoue M, Okazaki A, et al. Two
mechanisms of the enhanced antibody-dependent cellular cytotoxicity (ADCC)
efficacy of non-fucosylated therapeutic antibodies in human blood. BMC Cancer
2009 Feb 18;9:58. doi: 10.1186/1471-2407-9-58.:58-9.

Mata MM, Mahmood F, Sowell RT, Baum LL. Effects of cryopreservation on
effector cells for antibody dependent cell-mediated cytotoxicity (ADCC) and
natural killer (NK)) cell activity in Cr-release and CD107a assays. | Immunol
Methods 2014 Feb;(14):10.

Kantakamalakul W, Pattanapanyasat K, Jongrakthaitae S, Assawadarachai V,
Ampol S, Sutthent R. A novel EGFP-CEM-NKTr flow cytometric method for
measuring antibody dependent cell mediated-cytotoxicity (ADCC) activity in
HIV-1 infected individuals. ] Immunol Methods 2006 Aug 31;315(1-2):1-10.

Howell DN, Andreotti PE, Dawson JR, Cresswell P. Natural killing target
antigens as inducers of interferon: studies with an immunoselected, natural

killing-resistant human T lymphoblastoid cell line. ] Immunol 1985
Feb;134(2):971-6.

226



(404)

(405)

(4006)

(407)

(408)

(409)

(410)

(411)

(412)

(413)

(414)

Bauer S, Groh V, Wu |, Steinle A, Phillips JH, Lanier LL, et al. Activation of
NK cells and T cells by NKG2D, a receptor for stress-inducible MICA. Science
1999 Jul 30;,285(5428):727-9.

Nedellec S, Sabourin C, Bonneville M, Scotet E. NKG2D costimulates human
V gamma 9V delta 2 T cell antitumor cytotoxicity through protein kinase C

theta-dependent modulation of early TCR-induced calcium and transduction
signals. | Immunol 2010 Jul 1;185(1):55-63.

Angelini DF, Zambello R, Galandrini R, Diamantini A, Placido R, Micucci F, et
al. NKG2A inhibits NKG2C effector functions of gammadelta T cells:
implications in health and disease. ] Leukoc Biol 2011 Jan;89(1):75-84.

Gomes AQ, Correia DV, Grosso AR, Lanca T, Ferreira C, Lacerda JF, et al.
Identification of a panel of ten cell surface protein antigens associated with
immunotargeting of leukemias and lymphomas by peripheral blood gammadelta
T cells. Haematologica 2010 Aug;95(8):1397-404.

D'Asaro M, La MC, Di LD, Orlando V, Todaro M, Spina M, et al. V gamma 9V
delta 2 T lymphocytes efficiently recognize and kill zoledronate-sensitized,
imatinib-sensitive, and imatinib-resistant chronic myelogenous leukemia cells. |

Immunol 2010 Mar 15;184(6):3260-8.

Chargui J, Combaret V, Scaglione V, Iacono I, Peri V, Valteau-Couanet D, et al.
Bromohydrin pyrophosphate-stimulated Vgamma9delta2 T cells expanded ex
vivo from patients with poor-prognosis neuroblastoma lyse autologous primary

tumor cells. ] Immunother 2010 Jul;33(6):591-8.

Todaro M, D'Asaro M, Caccamo N, lIovino F, Francipane MG, Meraviglia S, et
al. Efficient killing of human colon cancer stem cells by gammadelta T

lymphocytes. | Immunol 2009 Jun 1;182(11):7287-96.

Davoust J, Banchereau J. Naked antigen-presenting molecules on dendritic cells.

Nat Cell Biol 2000 Mar;2(3):E46-EA48.

Potolicchio I, Chitta S, Xu X, Fonseca D, Crisi G, Horejsi V, et al.
Conformational variation of surface class II MHC proteins during myeloid

dendritic cell differentiation accompanies structural changes in lysosomal MIIC.
J Immunol 2005 Oct 15;175(8):4935-47.

Santambrogio L, Sato AK, Fischer FR, Dorf ME, Stern L]. Abundant empty
class II MHC molecules on the surface of immature dendritic cells. Proc Natl
Acad Sci U S A 1999 Dec 21;96(26):15050-5.

Lertworapreecha M, Patumraj S, Niruthisard S, Hansasuta P, Bhattarakosol P.

Cytotoxic function of gamma delta (gamma/delta) T cells against pamidronate-
treated cervical cancer cells. Indian | Exp Biol 2013 Aug;51(8):597-605.

227



(415)

(410)

(417)

(418)

(419)

(420)

(421)

(422)

(423)

(424)

(425)

Ishikawa H, Li Y, Abeliovich A, Yamamoto S, Kaufmann SH, Tonegawa S.
Cytotoxic and interferon gamma-producing activities of gamma delta T cells in

the mouse intestinal epithelium are strain dependent. Proceedings of the
National Academy of Sciences 1993 Sep 1;90(17):8204-8.

Kiladjian JJ, Visentin G, Viey E, Chevret S, Eclache V, Stirnemann J, et al.
Activation of cytotoxic T-cell receptor gammadelta T lymphocytes in response
to specific stimulation in myelodysplastic syndromes. Haematologica 2008
Mar;93(3):381-9.

Bouet-Toussaint F, Cabillic F, Toutirais O, Le GM, Thomas dIP, Daniel P, et al.
Vgamma9Vdelta2 T cell-mediated recognition of human solid tumors. Potential
for immunotherapy of hepatocellular and colorectal carcinomas. Cancer
Immunol Immunother 2008 Apr;57(4):531-9.

Kobayashi H, Tanaka Y, Yagi J, Osaka Y, Nakazawa H, Uchiyama T, et al.
Safety profile and anti-tumor effects of adoptive immunotherapy using gamma-

delta T cells against advanced renal cell carcinoma: a pilot study. Cancer
Immunol Immunother 2007 Apr;56(4):469-76.

Dieli F, Vermijlen D, Fulfaro F, Caccamo N, Meraviglia S, Cicero G, et al.
Targeting Human + | +| T Cells with Zoledronate and Interleukin-2 for

Immunotherapy of Hormone-Refractory Prostate Cancer. Cancer Research
2007 Aug 1;67(15):7450-7.

Webster NL, Kedzierska K, Azzam R, Paukovics G, Wilson |, Crowe SM, et al.
Phagocytosis stimulates mobilization and shedding of intracellular CD16A in
human monocytes and macrophages: inhibition by HIV-1 infection. | Leukoc
Biol 2006 Feb;79(2):294-302.

Kusner DJ, Hall CF, Jackson S. Fc gamma receptor-mediated activation of
phospholipase D regulates macrophage phagocytosis of IgG-opsonized
particles. ] Immunol 1999 Feb 15;162(4):2266-74.

Zheleznyak A, Brown EJ. Immunoglobulin-mediated phagocytosis by human
monocytes requires protein kinase C activation. Evidence for protein kinase C

translocation to phagosomes. | Biol Chem 1992 Jun 15;267(17):12042-8.

Saule P, Trauet ], Dutriez V, Lekeux V, Dessaint JP, Labalette M. Accumulation
of memory T cells from childhood to old age: central and effector memory cells
in CD4(+) versus effector memory and terminally differentiated memory cells in
CD8(+) compartment. Mech Ageing Dev 2006 Mar;127(3):274-81.

Geginat |, Lanzavecchia A, Sallusto F. Proliferation and differentiation potential
of human CD8+ memory T-cell subsets in response to antigen or homeostatic
cytokines. Blood 2003 Jun 1;101(11):4260-6.

Miller JEAP. IMMUNOLOGICAL FUNCTION OF THE THYMUS. The
Lancet 1961 Sep 30;278(7205):748-9.

228



(4206)

(427)

(428)

(429)

(430)

(431)

(432)

(433)

(434)

(435)

(436)

(437)

(438)

(439)

Miller JF, Mitchell GF. The thymus and the precursors of antigen reactive cells.
Nature 1967 Nov 18;216(5116):659-63.

Mitchell GF, Miller JF. Immunological activity of thymus and thoracic-duct
lymphocytes. Proc Natl Acad Sci U S A 1968 Jan;59(1):296-303.

Zinkernagel RM, Doherty PC. Restriction of in vitro T cell-mediated
cytotoxicity in lymphocytic choriomeningitis within a syngeneic or
semiallogeneic system. Nature 1974 Apr 19;248(5450):701-2.

Zinkernagel RM, Doherty PC. The discovery of MHC restriction. Immunology
Today 1997 Jan;18(1):14-7.

Hedrick SM, Cohen DI, Nielsen EA, Davis MM. Isolation of cDNA clones
encoding T cell-specific membrane-associated proteins. Nature 1984 Mar
8;308(5955):149-53.

Hedrick SM, Nielsen EA, Kavaler |, Cohen DI, Davis MM. Sequence
relationships between putative T-cell receptor polypeptides and
immunoglobulins. Nature 1984 Mar 8;308(5955):153-8.

Yanagi Y, Yoshikai Y, Leggett K, Clark SP, Aleksander I, Mak TW. A human T
cell-specific cDNA clone encodes a protein having extensive homology to
immunoglobulin chains. Nature 1984 Mar 8;308(5955):145-9.

Bjorkman PJ, Saper MA, Samraoui B, Bennett WS, Strominger JL, Wiley DC.
Structure of the human class I histocompatibility antigen, HLLA-A2. Nature 1987
Oct 8;329(6139):506-12.

Bjorkman PJ, Saper MA, Samraoui B, Bennett WS, Strominger JL, Wiley DC.
The foreign antigen binding site and T cell recognition regions of class I
histocompatibility antigens. Nature 1987 Oct 8;329(6139):512-8.

Mosmann TR, Cherwinski H, Bond MW, Giedlin MA, Coffman RL. Two types
of murine helper T cell clone. I. Definition according to profiles of lymphokine
activities and secreted proteins. | Immunol 1986 Apr 1;136(7):2348-57.

Mosmann TR, Coffman RL. TH1 and TH2 cells: different patterns of
lymphokine secretion lead to different functional properties. Annu Rev
Immunol 1989;7:145-73.:145-73.

Anderson G, Harman BC, Hare KJ, Jenkinson EJ. Microenvironmental

regulation of T cell development in the thymus. Seminars in Immunology 2000
Oct;12(5):457-64.

Germain RN. T-cell development and the CD4-CDS8 lineage decision. Nat Rev
Immunol 2002 May;2(5):309-22.

Starr TK, Jameson SC, Hogquist KA. Positive and negative selection of T cells.
Annu Rev Immunol 2003;21:139-76. Epub@2002 Oct 16.:139-76.

229



(440)

(441)

(442)

(443)

(444)

(445)

(446)

Farber DL, Yudanin NA, Restifo NP. Human memory T cells: generation,
compartmentalization and homeostasis. Nat Rev Immunol 2014 Jan;14(1):24-35.

Shen Y, Zhou D, Qiu L, Lai X, Simon M, Shen L, et al. Adaptive immune
response of Vgamma2Vdelta2+ T cells during mycobacterial infections. Science
2002 Mar 22;295(5563):2255-8.

Shao L, Huang D, Wei H, Wang RC, Chen CY, Shen L, et al. Expansion,
reexpansion, and recall-like expansion of Vgamma2Vdelta2 T cells in smallpox
vaccination and monkeypox virus infection. | Virol 2009 Nov;83(22):11959-65.

Ryan-Payseur B, Frencher |, Shen L, Chen CY, Huang D, Chen ZW.
Multieffector-functional immune responses of HMBPP-specific
Vgamma2Vdelta2 T cells in nonhuman primates inoculated with Listeria
monocytogenes DeltaactA prfA*. | Immunol 2012 Aug 1;189(3):1285-93.

Moser B, Eberl M. + |+ T cells: novel initiators of adaptive immunity.
Immunological Reviews 2007 Feb 1;215(1):89-102.

Steimle V, Siegrist CA, Mottet A, Lisowska-Grospierre B, Mach B. Regulation
of MHC class II expression by interferon-gamma mediated by the transactivator
gene CIITA. Science 1994 Jul 1;265(5168):106-9.

Kabelitz D, He W. The multifunctionality of human Vgamma9Vdelta2
gammadelta T cells: clonal plasticity or distinct subsets? Scand ] Immunol 2012
Sep;76(3):213-22.

230



