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Abstract

CD8"/CD103™ tissue-resident memory T cells (Trm cells)
accumulate in several human solid tumors, where they have
been associated with a favorable prognosis. However, the role of
CD103, the o subunit of the integrin agpf; (also known as
CD103), in the retention and functions of these Tgy is unde-
fined. In this report, we investigated the role of CD103 cyto-
plasmic domain and the focal adhesion-associated protein
paxillin (Pxn) in downstream signaling and functional activities
triggered through o;z/CD103 chain. Binding to immobilized
recombinant (r)E-cadherin-Fc of CD103 integrin expressed on
tumor-specific CTL clones promotes phosphorylation of Pxn
and Pyk2 and binding of Pxn to the o;/CD103 subunit tail.
Inhibition of Pxn phosphorylation by the Src inhibitor saraca-
tinib or its knockdown via shRNA dramatically altered adhesion
and spreading of freshly isolated CD8"/CD103" lung tumor-

Introduction

The op(CD103)B;, integrin, hereafter referred to as CD103,
plays a key role in cytotoxic immunological synapse (IS) forma-
tion and T-cell receptor (TCR)-mediated cytotoxicity toward
epithelial tumor cells, through polarized exocytosis of their lytic
granules at the IS (1, 2). CD103 defines a novel subtype of
memory CD8" T cells, called tissue resident memory T (Tgym)
cells, that stably reside in peripheral non-lymphoid tissues,
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infiltrating lymphocytes and CD103" tumor-specific CTL
clones. Inhibition of Pxn phosphorylation with saracatinib in
these CTL clones also severely compromised their functional
activities toward autologous tumor cells. Using Jurkat T cells as
a model to study CD103 integrin activation, we demonstrated
a key role of serine residue S1163 of the oy chain intracellular
domain in polarization of CD103 and recruitment of lyso-
somes and Pxn at the contact zone of T lymphocytes with
rE-cadherin-Fc-coated beads. Overall, our results show how
Pxn binding to the CD103 cytoplasmic tail triggers ogf;
integrin outside-in signaling that promotes CD8" T-cell migra-
tory behavior and effector functions. These results also explain
the more favorable prognosis associated with retention of Try
cells in the tumor microenvironment. Cancer Res; 77(24); 7072-82.
©2017 AACR.

including lung, gut, and skin, where they orchestrate a highly
protective local immune response to persistent viral infections
(3-6) and probably also toward cancer cells. This CD103™ Tgy
subset, which likely derives from tissue-recruited effector T (Tgg)
cells, is defined by a CD69"#"/CCR7'°*/S1PR1"" profile and
expression of transcription factors Hobit and Blimp1, that coop-
erate to repress genes involved in tissue egress, including ccr7
and Siprl (7, 8). Accumulating evidence now indicates that
CD8%/CD103" Tgy cells ostensibly play a central role in antitu-
mor T-cell immunity. Indeed, a correlation between tumor infil-
tration by CD103" tumor-infiltrating lymphocytes (TIL) and
patient survival has been established in many malignant diseases,
including ovarian, lung, endometrial, and breast cancers (9-12).
CD103 promotes CD8™ TIL activities by mediating T-cell recruit-
ment within epithelial tumor islets, and initiating intratumoral
early T-cell signaling (13). This integrin also controls CD3"/CD8*
TIL functions, not only by inducing T-cell adhesion to cancer cells
upon interaction with its ligand, the epithelial cell marker E-
cadherin on target cells, but also by triggering bi-directional
signaling events that cooperate with TCR signals to enable tumor
cell killing by specific CTL (13, 14). In this context, it is therefore
crucial to understand the mechanisms behind the signaling
properties of the CD103 integrin.

After recognition by specific CTL of MHC class I antigenic
peptide complexes on target cells, microclusters are generated
before IS formation in which TCR and signaling molecules
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CD103 Signaling in Human TRM Cells
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Figure 1.

The src inhibitor saracatinib (Sara) inhibits adhesion and spreading of freshly isolated lung tumor Tgy cells. A, Expression of CD103 and CD69 Tgym markers on
NSCLC CD3*/CD8™ TIL. Freshly resected NSCLC tumors were dissociated, and the CD8 T-cell subset was positively selected and then directly analyzed by flow
cytometry for CD69 and CD103 expression. Two representative TIL samples used in this study are shown. Percentages of CD103"/CD69" among CD3"/CD8* cells
are indicated. B, Expression of CD69 activation marker on freshly isolated CD8"/CD103* and CD8"/CD103~ TIL. Two representative TIL samples are shown.
Percentages of CD69™ cells are included. C, Saracatinib inhibits adhesion of freshly isolated NSCLC Tgrwm to rE-cadherin-Fc. Adhesion to plastic-bound rE-cadherin-Fc
of freshly isolated CD8*/CD103*TIL, untreated (medium) or pretreated with saracatinib or vehicle control (DMSO), was analyzed by confocal microscopy.
Right, Mean numbers of adherent lymphocytes per field. Adhesion was evaluated by counting adherent lymphocytes stained with CD103 and DAPI. Statistical
analyses are from three independent experiments; scale bars, 100 um; ***, P < 0.0001. D, Migratory behavior of freshly isolated TIL Tgry on immobilized rE-cadherin-
Fc. CD8'/CD103™ TIL, untreated or pretreated with saracatinib, were seeded on rE-cadherin-Fc and polymerized F-actin was visualized with rhodamine
phalloidin. Right, Mean T-cell shape index. Statistical analyses are from three independent experiments; scale bars, 5 um; ***, P < 0.0001.
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assemble at the interface between the two cell types. Each TCR
microcluster is surrounded by an adhesion molecule structure,
including leukocyte-function-associated antigen (LFA-1), the
focal-adhesion-associated adaptor protein paxillin (Pxn) and
proline-rich tyrosine kinase-2 (Pyk2). Disruption of these micro-
structures by downregulating both Pxn and Pyk2 inhibits T-cell
activation and functions, indicating that these molecules are
necessary for providing the outside-in signals required for optimal
CTL responses (15, 16). Pxn is a 68 kDa protein associated with
actin binding and signaling proteins. This adaptor molecule is
activated through phosphorylation of several tyrosine (Tyr*! and
Tyr''®) and serine (Ser®® and Ser'”®) residues by different kinases,
including focal adhesion kinase (FAK), Src kinase, JNK, and p38
MAPK (17-19). Phosphorylated (phospho)-Pxn participates in
TCR-mediated CTL activation through an integrin-dependent
mechanism (20-22). Moreover, binding of Pxn to the o4 integrin
cytoplasmic tail promotes an outside-in costimulatory signal that
participates in integrin-mediated T-cell migration (23, 24). A
mutation (E983A or Y991A) in the o, cytoplasmic tail selectively
blocks the interaction with Pxn and thus reduces T-cell spreading.

In this report, we investigated the role of the intracellular
domain of the o subunit in signaling and downstream functions
of the CD103 integrin, and the involvement of Pxn in these
processes. Our data show that the interaction of CD103 with its
ligand E-cadherin promotes phosphorylation of Pxn and Pyk2
and binding of Pxn to the oy chain cytoplasmic domain. Our data
also indicate the key role of serine residue $''®® in the oy
cytoplasmic tail in CD103 integrin-mediated T-cell functions.
Indeed, an S1163A mutation abrogates relocalization of CD103
at the contact zone between T cells and rE-cadherin-Fc-coated
beads and inhibits the secretory lysosome and Pxn polarization.
Thus, the CD103-Pxn partnership is likely to represent a major
outside-in signaling axis required for effector functions of CTL,
including Ty, and thereby opens new avenues for the success of
T-cell-based cancer immunotherapies.

Materials and Methods

Tumor cell lines, T cells, and freshly isolated lung TIL Try

The IGR-Heu tumor cell line was established in one of our
laboratories in 1996 from a non-small cell lung carcinoma
(NSCLC) as described (1). Heul71 and H32-8 T-cell clones,
generated from autologous TIL and PBL, respectively, recognized
a mutated o-actinin-4 tumor neoepitope (25). Cells were regu-
larly tested and authenticated by immunofluorescence analysis
and cytotoxic assay, including in the present work.

CD103 Signaling in Human TRM Cells

A JTag clone, stably transfected with the SV40 large T antigen,
was derived from the human leukemia CD4 " Jurkat T-cell line.
JTag cells were cloned by limiting dilution and an o /B, " JTag
T-cell clone was selected.

Fresh human NSCLC tumors were obtained from the Institut
Mutualiste Montsouris (Paris) and immediately dissociated
mechanically and enzymatically using a tumor dissociation kit
(MACS, Miltenyi Biotec). Mononuclear cells were then isolated by
a Ficoll-Hypaque gradient, and CD8 T cells were positively select-
ed using CD8 microbeads according to the manufacturer's instruc-
tions (Miltenyi Biotec).

Recombinant molecules, antibodies, and chemical inhibitor

The human rE-cadherin-Fc molecule was provided by R&D
Systems. Anti-CD103 (2G5) mAb was purchased from Beckman
Coulter and PE-conjugated anti-CD103 was purchased from
eBiosciences. Anti-CD3 (UCHT1) was provided by Ozyme and
anti-CD8 (RPA-T8) was supplied by BioLegend. Anti-Pxn and
anti-phospho-Pxn (Tyr118) mAb were purchased from BD Bios-
ciences and Cell Signaling Technology, respectively. Anti-Pyk2
and anti-phospho-Pyk2 (Tyr 402) were purchased from Life
Technologies.

The src inhibitor, saracatinib (AZD0530), was purchased from
Millipore.

Production of Pxn shRNA lentivirus and T-cell transfection

Two shRNA targeting human Pxn (sh-pxn-1: GGGCAG-
CAACCTTITCTGAACT and sh-pxn-2: GATCCCGGCAAGGAC-
TACTTCGACATGT) were synthesized (Sigma Aldrich) and then
inserted into a pBlue Script containing the human H1 promoter. A
scrambled sequence (CGGCAGCTAGCGACGCCAT) was also
synthesized and used as a negative control. The HI-pxn-1,
HI-pxn-2 and HI-scrambled cassettes were inserted into the
linearized pRRLsin-PGK-eGFP-WPRE viral vector. Lentivirus par-
ticles were prepared by transient cotransfection of HEK293T cells
(human 293 embryonic kidney cells transformed with the SV40
large T-antigen) with lentiviral vector plasmids (sh-pxn-1, sh-pxn-
2 or sh-scrambled), packaging plasmid pCMVAR8.91 and the
pMD2.G protein envelope plasmid. JetPrime was used for trans-
fection of HEK293T according to the manufacturer's instructions
(Ozyme). Briefly, lentivirus particles were immediately added to
give a multiplicity of infection (MOI) of 30, spinoculated for 1
hour at 1,300 rpm, and then lymphocytes were cultured in the
presence of IL-2 (50 U/mL) for 3 days.

Figure 2.

CD103 integrin promotes adhesion and spreading of CD8/CD103™ CTL in a Pxn-dependent pathway. A, Adhesion of CD8*/CD103"CTL on a rE-cadherin-Fc
monolayer. Adhesion to plate-bound rE-cadherin-Fc of the CD8"/CD103™ T-cell clone H32-8, untreated (DMSO) or pretreated with saracatinib (Sara) or infected
with sh-pxn-1 or sh-scrambled (sh-scram) negative control. Right, Mean numbers of adherent lymphocytes per field. Statistical analyses are from three
independent experiments; bars, 100 um and *, P < 0.05; ***, P< 0.0001. B, Migratory behavior of CD8*/CD103"CTL on rE-cadherin-Fc monolayer. The CD8*/CD103*
H32-8 T-cell clone, untreated (vehicle) or pretreated with saracatinib or infected with sh-pxn-1, was seeded on immobilized rE-cadherin-Fc and then cell shape was
monitored. Sh-scrambled was used as a negative control. Polymerized F-actin was visualized with rhodamine phalloidin. Right, mean T-cell shape index.
Statistical analyses are from three independent experiments; scale bars, 5 um; ***, P < 0.0001. C, Interaction of CD103 with its ligand E-cadherin triggers
phosphorylation of Pxn, which is inhibited by saracatinib. The CD8"/CD103" T-cell clone H32-8, untreated (vehicle control) or preatreated with saracatinib,
was stimulated with immobilized rE-cadherin-Fc (E-cadh-Fc), and then protein extracts were analyzed by Western blot using anti-phospho-Pxn, anti-Pxn, or
anti-F-actin mAb. Right, normalization of phospho-Pxn relative to total Pxn. Data shown are from three independent experiments; *, P < 0.05 and **, P < 0.001.
D, Interaction of CD103 with E-cadherin triggers phosphorylation of Pyk2, which is inhibited by saracatinib. The CD8"/CD103" T-cell clone H32-8, untreated
(vehicle) or preatreated with saracatinib, was stimulated with plastic-bound rE-cadherin-Fc and then protein extracts were analyzed by Western blot using
anti-phospho-Pyk2, anti-Pyk2, or anti-F-actin mAb. Right, normalization of phospho-Pyk2 relative to total Pyk2. Data shown are from three independent

experiments; *, P < 0.05.
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Confocal microscopy and quantification of protein
polarization

For T-cell adhesion, poly-i-lysine slices were coated with rE-
cadherin-Fc (5 pg/mL) overnight at 4°C, and lymphocytes,
untreated or treated for 4 hours with saracatinib (4 umol/L) or
infected with specific ShRNA (sh-pxn-1, sh-pxn-2 or sh-scram-
bled) were incubated for 1 hour at 37°C. Cells were then fixed
and permeabilized and polymerized F-actin was stained with
rhodamine phalloidin as described (1, 13). Cell shape index was
calculated as the ratio of the longest to the shortest axis measured
via Image] software as described previously (13).

For protein polarization, T cells, untreated or pretreated with
saracatinib or sh-RNA or transfected with CD103-GFP constructs,
were pre-incubated for 30 minutes with rE-cadherin-Fc-coupled
protein G-Dynabeads or IGR-Heu tumor cells, at a 2:1 effector to
target cell (E:T) ratio and then plated on poly-(i-lysine)-coated
coverslips. Cells were then fixed, permeabilized and stained with
mouse anti-CD103 or mouse anti-Pxn mAb, followed by anti-
mouse-Alexa-Fluor-488. Coverslips were mounted and analyzed
using a fluorescence microscope with x63 lenses as described
previously (1, 13). To quantify polarization of the proteins to the
IS with target cells or the contact zone with E-cadherin-Fc-coated
beads, a volume corresponding to the synaptic area and an equal
volume at the opposite site of the T cell were drawn and fluorescence
intensities (FI) were calculated. Results were reported as the fold-
increase in the corresponding staining integrated FI at the synaptic
region, divided by the same FI measured at the distal region (26).

Western blot and immunoprecipitation experiments

T cells (5 x 10°), untreated or pretreated with saracatinib or
shRNA, were unstimulated or stimulated for 10 minutes at 37°C
with plastic-coated rE-cadherin-Fc. Total protein extracts were
obtained by cell lysis in ice-cold lysis buffer supplemented with
a cocktail of anti-proteases and anti-phosphatases as described
previously (14). Equivalent amounts of protein extracts were
denatured, separated by SDS-PAGE and transferred to a nitrocel-
lulose membrane. Blots were incubated for 30 minutes in Tris-
buffered saline containing 0.1% Tween 20 and 5% nonfat dry
milk, and further incubated overnight at 4°C with rabbit anti-
phospho-Pxn, anti-Pxn, anti-phospho-Pyk-2 and anti-Pyk-2
mADb, followed by appropriate secondary horseradish peroxi-
dase-conjugated Ab.

For immunoprecipitation, T-cell extracts were incubated for
2 hours at 4°C with cross-linked anti-CD103 or anti-Pxn beads,
or protein G-sepharose beads prebound with control mouse
IgG. Beads were then washed and eluted with reducing agent at
95°C.

Construction of CD103-GFP fusion proteins and transfection
of JTag cells

An ITGAE cDNA coding for the human oy (CD103) subunit,
cloned in a pAMRS vector (27), was a gift from Prof. Michael B.
Brenner (Boston, MA). The ¢DNA clone was subcloned in
pEGFPN1 plasmid and fused to GFP by directed mutagenesis
(CD103-WT-GFP). Deletions in CD103 cytoplasmic domains were
generated with the Quickchange IT XL Site-Directed Mutagenesis Kit
(Agilent Technologies). The CD103-WT-GFP construct was used
to generate CD103-A1 with forward 5'-GTGTGGCTTTTTTAAA-
AGAAAACTCAAGCITCGAATTCTGCAGTC-3' and reverse 3'-GA-
CTGCAGAATTCGAAGCTITGAGTTTTCTTTTAAAAAAGCCACAC-5'
primer pairs; CD103-A2 with forward 5'-GAAAATATCAACAA-

7076 Cancer Res; 77(24) December 15, 2017

CTGAACTTGCTCAAGCITCGAATTCTGCAG-3' and reverse 5'-
CTGCAGAATTCGAAGCTTGAGCAAGTTCAGTTGTTGATATTTTC-
3/; CD103-A3 with forward 5-GAGCATCAGGAAGGCCCAGCT-
GCTCAAGCITCGAATTCTG-3’ and reverse 5'-CAGAATTCGAAGC-
TTGAGCAGCTGGGCCITCCTGATGCTC-3’; CD103-Y1156A with
forward 5'-GTGTGGCTITTTTTAAAAGAAAAGCACAACAACTGAA-
CITGGAGGC-3' and reverse 5'-GCCTCCAAGITCAGITGTITG-
TGCTTTTCTTTTAAAAAAGCCACAC-3'. CD103-S1163A with
forward 5-AGCTGGGCCITCCTGATTGCCTCCAAGTTCAGITG-
TTG-3' and reverse 5'- CAACAACTGAACTTGGAGGCAATCAG-
GAAGGCCCAGCT-3’; and CD103-S1163D with forward 5'-
AGCTGGGCCITCCTGATGTCCTCCAAGTTCAGTTGITG-3' and
reverse: 5-CAACAACTGAACTTGGAGGACATCAGGAAGGCCC-
AGCT-3' primer pairs. The CD103-S1163A construct was used
to generate CD103-Y1156A/S1163A with forward 5-GTGT-
GGCTTTTTTAAAAGAAAAGCACAACAACTGAACTTGGAGGC-3
and reverse 5'-GCCTCCAAGTTCAGTTGTTGTGCTITITCTITTTAA-
AAAAGCCACAC-3'.

Ten x 10° B," JTag cells were resuspended in RPMI supple-
mented with 10% heat-inactivated FBS with 30 pg of plasmid
DNA and transferred to a 0.4-cm electroporation cuvette. Elec-
troporation was performed with the Gene Pulser II system (Bio-
Rad Laboratories) at 280V and 900 UF; next, cells were cultured in
fresh complete medium for 48 hours.

Functional experiments

Cytotoxicity of T-cell clones was evaluated with a conventional
4 hours ' Cr-release assay. T cells were either kept in medium or
treated with saracatinib; then, cytotoxic activity toward autolo-
gous IGR-Heu tumor cells was determined ata 30:1, 10:1, 3:1 ET
ratios.

For cytokine release, H32-8 T cells (3 x 10°/well), untreated
or pretreated with saracatinib, were cocultured in the presence
of IGR-Heu (3 x 10%/well) for 24 hours and then, IFNy
production in culture supernatants was measured by ELISA
(eBioscience).

For T-cell recruitment, xenograft tumor samples were embed-
ded in low-gelling-temperature agarose and lymphocytes,
untreated or pretreated with saracatinib and stained with SNARF,
were added onto the cut surface of each slice as described (13).
Images were acquired with a x4 or x10 (S fluor; Nikon) objective
and MetaVue imaging software (Universal Imaging).

For single-cell calcium measurement, JTag cells were labeled
with 1 pmol/L Fura-2AM (Molecular Probes), and alternatively
excited every 10 s at 350 and 380 nm on an inverted Eclipse TE300
microscope equipped with a x10 objective and a Metafluor
imaging system. At 60 s, rE-cadherin-Fc (5 ug/mL) plus anti-CD3
(0.5 ug/mL)-coated beads were added. Values were represented as
a ratio of FI at 350 nm/FI at 380 nm.

Statistical analysis

Statistical significance was determined with the one-way
ANOVA test with Bonferroni correction or with the two-tailed
Student ¢t test (GraphPad Prism, GraphPad software).

Results

Pxn is involved in CD103-mediated adhesion and spreading of
CD8™" Ty cells from human lung tumors

To investigate the contribution of adapter protein Pxn to
CD103-mediated T-cell functions, we first tested the effect of the
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Figure 3.

Pxn binds to the CD103 tail and controls CD103-dependent signaling and Tgy functions. A, Cytotoxicity of CD8"/CD103™ CTL clones toward specific tumor cells
was inhibited with saracatinib (Sara). Heu171 and H32-8 (CD103*/LFA-1") CTL clones were untreated (vehicle control) or pretreated with saracatinib, then
cytotoxicity toward autologous IGR-Heu (E-cadherin™/ICAM-17) tumor cells was measured by a chromium release assay. B, Cytokine release by CD8"/CD103* CTL
was inhibited with saracatinib. The CD103™" H32-8 CTL clone, untreated or pretreated with saracatinib, was stimulated for 24 hours with autologous IGR-Heu
cells and then IFNy release in culture medium was measured by ELISA; **, P < 0.01. C, Recruitment of fluorescent-labeled CD103* H32-8 lymphocytes, untreated
or pretreated with saracatinib, within epithelial tumor regions of human lung tumor (IGR-Heu) slices. Stromal (S) and tumor (T) areas were identified by
brightness contrast. Right, percentages of T cells inside tumor areas were determined from two independent experiments; bars, 100 um; **, P < 0.01. D, Polarization
of CD103 at the IS is inhibited by saracatinib- and shRNA-targeting Pxn. The H32-8 T-cell clone, untreated or pretreated with saracatinib or infected with
sh-pxn-1or sh-pxn-2, was cocultured with autologous IGR-Heu target cells and then CD103 relocalization at the IS was analyzed by confocal microscopy. Vehicle
alone and sh-scrambled (sh-scram) were used as negative controls, respectively. Right, CD103 fluorescence intensity (FI) fold increase at the IS with target cells
(n = 40). Red horizontal lines correspond to the mean fold increase + SEM. Statistical analyses are from two independent experiments; scale bars, 5 um;

% P <0.0001. E, Pxn binds to the o subunit tail. Protein extracts from the CD8%/CD103"H32-8 clone, stimulated with immobilized rE-cadherin-Fc for 30 minutes,
were immunoprecipitated (IP) using anti-CD103 mAb and then immunoblotted (WB, Western blot) with anti-Pxn. An IgG negative control was included. Right,
protein extracts from the CD8'/CD103" T-cell clone, stimulated with plastic-bound rE-cadherin-Fc, were immunoprecipitated (IP) by anti-Pxn mAb and then
immunoblotted (WB, Western blot) with anti-CD103.
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Src inhibitor saracatinib (AZD0530) on the adhesion and migra-
tory behavior of CD8"/CD103" Tgy cells freshly isolated from
human lung tumors. In these tumors, the CD8"/CD103" Tgy
subset frequently represents around half of the total CD37/CD8™
T cells, and most of them expressed activation marker CD69 (Fig.
1A) as compared with CD8'/CD103~ TIL (Fig. 1B). Results
indicated that saracatinib inhibited adhesion and spreading of
freshly isolated CD8'/CD103" Tgy cells on a human recombi-
nant (r) E-cadherin-Fc (rE-cadherin-Fc) monolayer (Fig. 1C and
D). In contrast, vehicle control (DMSO) had no effect. Similar
effects of saracatinib were obtained with the tumor-specific H32-8
T-cell clone (Fig. 2A and B) and the Heu171 TIL clone (Supple-
mentary Fig. S1A and S1B), with both displaying a typical CD3*/
CD8*/CD103*/CD69"/CD27 /CD28 /CD62L " /CCR7 ™
phenotype (28).

Next, we tested whether CD103 engagement on the H32-8
CD8'/CD103" T-cell clone with plastic-coated rE-cadherin-Fc
was able to induce phosphorylation of Pxn, and how saraca-
tinib could affect this phosphorylation. Western blot analyses
with a phospho-Pxn-specific monoclonal antibody (mAb)
revealed that ligation of CD103 on T-cell clone H32-8 triggered
phosphorylation of Pxn, and this phosphorylation was inhib-
ited by saracatinib (Fig. 2C). Ligation of CD103 on the CTL
clone also triggered phosphorylation of the binding partner of
Pxn, Pyk2 tyrosine kinase, which was abrogated by saracatinib
(Fig. 2D). Then, and to directly address the role of Pxn, we used
two short hairpin (sh)RNA (sh-pxn-1 and sh-pxn-2) targeting
the PXN gene (Supplementary Fig. S1C). Results indicated that
Pxn knockdown impaired T-cell adhesion and spreading on
plate-bound rE-cadherin-Fc of the CD103" CTL clone H32-8
(Fig. 2A and B). Similar results for T-cell adhesion were
obtained with CD8"/CD103" T cells generated from healthy
donor peripheral blood lymphocytes (PBL) after treatment
with a combination of TGF-f plus anti-CD3 mAb (Supplemen-
tary Fig. S1D; ref. 29). In these experiments, we verified that
neither saracatinib nor sh-pxn had an effect on T-cell viability
(Supplementary Fig. S2A and S2B) or cell surface expression of
CD3, CD8, and CD103 (Supplementary Fig. S2C and S2D).
Saracatinib had also no effect on cell surface expression of PD-1
and Tim-3 molecules on CD8'/CD103" TIL (Supplementary
Fig. S2E). These results demonstrated that Pxn is involved in
CD103 intracellular signaling and CD103-mediated Try cell
adhesion and spreading.

Trm

CD103 Signaling in Human TRM Cells

Pxn binds to the CD103 cytoplasmic domain and its
phosphorylation promotes CD8" Tgy, cell functions

We then evaluated the consequences of inhibiting Pxn phos-
phorylation on the CD103-dependent TCR-mediated cytotox-
icity of CD8"/CD103" Heu171 and H32-8 T-cell clones toward
autologous target cells. Results showed that preincubating
these CTL clones with saracatinib abrogated their lytic activity
toward specific IGR-Heu tumor cells (Fig. 3A). Saracatinib also
inhibited IFNYy release by H32-8 CTL stimulated with autolo-
gous target cells (Fig. 3B). Moreover, experiments performed in
a physiological-like condition using our previously described
system based on viable IGR-Heu tumor slices (13), indicated
that saracatinib inhibited recruitment of H32-8 T cells in
epithelial tumor regions (Fig. 3C). Inhibition of T-cell func-
tions correlated with inhibition of CD103 relocalization at the
IS between saracatinib-treated CD8*/CD103* H32-8 CTL and
autologous ICAM-1"/E-cadherin® IGR-Heu target cells (Fig.
3D). Importantly, inhibition of CD103 relocalization at the
IS was also observed after knockdown of Pxn in this T-cell clone
with sh-pxn-1 or sh-pxn-2 shRNA (Fig. 3D). In contrast, sh-
scrambled, used as a negative control, had no effect. In these
experiments, we also verified that sh-pxn had an effect on CTL
clone viability (Supplementary Fig. S2B).

We next investigated whether Pxn could bind to CD103 in
CD8%/CD103™ T cells. With this aim, we stimulated CD103" CTL
clone H32-8 with immobilized rE-cadherin-Fc, and then performed
immunoprecipitation experiments with anti-CD103 or anti-Pxn
Abs. Western blot analysis of the two types of immunoprecipitates
after CD103 engagement showed that a complex s formed in which
the two proteins are present (Fig. 3E). These results further support
the conclusion that Pxn is involved in CD103 signaling upon its
binding to the CD103 intracellular domain.

The Ser''®? residue in the oy tail is required for triggering
CD103 clustering and outside-in signaling

The short o chain cytoplasmic domain of CD103 contains one
Tyr (Y''*°) and two Ser (S''®® and S''"!) residues that could
potentially be phosphorylated after CD103 engagement with its
ligand E-cadherin. Studies were thus carried out to investigate
their role in CD103 signaling and Pxn binding. With this aim, we
first constructed several deletion mutants of the oy subunit,
containing, or not, these residues and fused to GFP (Fig. 4A, top).
In these mutants, the cytoplasmic KCGFFKRK sequence of CD103

Figure 4.

The o subunit cytoplasmic tail is required for CD103 integrin signaling. A, Integrin /TGAE-GFP constructs encoding WT-CD103-GFP fusion protein or
mutated-CD103-GFP fusion proteins containing either deletions (CD103-Al1, CD103-A2 and CD103-A3) or punctual mutations (CD103-Y1156A, CD103-S1163A,
CD103-Y1156A/S1163A, and CD103-S1163D) in the o subunit cytoplasmic domain. In the AT construct, the entire cytoplasmic tail was deleted except for the

156 163

juxtamembrane "GFFKR" domain. In the A2 construct, 6 aa containing Tyr'>° were added compared with Aland 8 supplementary aa with Ser"™” were added in A3 as
compared with A2. In the CD103-Y1156A construct, Tyr'™® was substituted by an Ala; in CD103-S1163A, Ser"®® was replaced by an Ala; and, in CD103-YT156A/ST163A,
both Tyr"™® and Ser"®® were substituted by Ala. In the CD103-S1163D construct, Ser®® was replaced by Asp to mimic phosphorylation. B, Effects of CD103
cytoplasmic domain deletions on integrin and lysosome polarization. The o /B, JTag T-cell clone was transfected with WT-CD103-GFP or CD103-Al, -A2 or -A3
constructs, and then relocalization of CD103 or lysotracker at the contact zone with rE-cadherin-Fc-coated beads was analyzed by confocal microscopy.
Right, CD103 and lysosome FI fold increase at the contact area with rE-cadherin-Fc-coated beads (n = 30). Red and black horizontal lines correspond to mean fold-
increase + SEM. Data from three independent experiments were quantified; scale bars, 5 um; ***, P< 0.0001. C, Effect of CD103 cytoplasmic domain substitutions on
integrin and lysosome polarization. JTag cells were transfected with WT-CD103-GFP, CD103-Y1156A, CD103-S1163A, CD103-Y1156A/S1163A, or CD103-S1163D
constructs, and then relocalization of CD103 or the lysotracker at the contact zone with rE-cadherin-Fc-coated beads was analyzed. Right, CD103 and lysosome FI
fold increase at the contact zone with rE-cadherin-Fc-coated beads (n = 30). Red and black horizontal lines correspond to the mean fold-increase + SEM.
Data are from three independent experiments; bars, 5Sum; ***, P<0.0001. D, Polarization of Pxn at the contact area with rE-cadherin-Fc-coated beads. JTag cells were
transfected with CD103-WT or CD103-A2, CD103-A3, CD103-S1163A, or CD103-S1163D constructs, and then relocalization of Pxn at the contact zone with rE-cadherin-
Fc-coated beads was analyzed. Right, Pxn Fl fold increase at the IS with rE-cadherin Fc-coated beads (n = 30). Red horizontal lines correspond to the

mean fold increase + SEM. Data from three independent experiments were quantified; scale bars, 5 um; ***, P < 0.0001.
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was kept intact, because the conserved GFFKR juxta-membrane
domain is required for integrin activation and interaction with the
B-integrin chain through a salt bridge between the arginine
residue from the o-chain and the aspartic acid residue from the
HDR(R/K)E proximal domain of the B-chain (30, 31). These
CD103 constructs were transfected into an o~ Jurkat T-cell (JTag)
clone, which was previously selected for spontaneous strong
expression of the integrin f;-subunit (see Supplementary Fig.
S3A) to obtain satisfactory expression of the of3; heterodimer in
the transfected cells. CD103 integrin clustering at the contact zone
with rE-cadherin-Fc-coated beads was then analyzed by confocal
microscopy as well as accumulation of lysosomes. A wild-type
(WT) CD103-GFP molecule was used as a control. Compared to
the control, CD103 clustering and lysosome polarization were
strongly inhibited by CD103-A1 and CD103-A2 mutants (Fig. 4B).
In contrast, the CD103-A3 mutant functioned like CD103-WT,
suggesting that $''%3, but not $''”?, is essential for this activity.

To further verify this hypothesis, we constructed four additional
mutants containing single amino acid (aa) substitutions of §''¢?
and/or Y''*° to alanine (Fig. 4A, bottom). We found that only the
substitution of $''** (S1163A) resulted in loss of integrin clus-
tering and lysosome polarization (Fig. 4C). As expected, a con-
struct containing both substitutions had similar effects. Moreover,
substitution of the Ser by an aspartate (D) at position 1163
(CD103-S1163D), to mimic phosphorylation, restored CD103
clustering and lysosome relocalization. We controlled, in these
experiments, that JTag cells transfected with the different CD103-
GFP fusion proteins displayed similar expression levels of CD103.
For unexplained reasons, only the CD103-S1163D protein was
expressed at lower levels (Supplementary Fig. S3B). All transfec-
tants also displayed the same capacity to adhere to plastic-bound
rE-cadherin-Fc (Supplementary Fig. S3C) and to form conjugates
with rE-cadherin-Fc-coated beads (Supplementary Fig. S3D).
These results further support the conclusion that the phosphor-
ylation status of $''®% in the oy-ESIRKAQL intracellular motif is
crucial for CD103 clustering and outside-in signaling.

The ap-Ser''® residue is required for triggering Pxn
polarization and CD103-mediated early T-cell signaling

Next, we investigated the impact of S1163A substitution on
relocalization of Pxn at the contact zone of transfected JTag T cells
with rE-cadherin-Fc-coated beads using the same CD103-GFP
constructs used above. Pxn was strongly polarized at the contact
zone with E-cadherin-Fc-coated beads when JTag T cells were
transfected with the CD103-WT-GFP molecule (Fig. 4D). As
expected, this polarization was inhibited by saracatinib (Supple-
mentary Fig. S4A). Analyzing the different CD103-GFP mutants,
we found that neither CD103-A2 nor CD103-S1163A was able to
recruit Pxn at the contact area (Fig. 4D).

We finally questioned whether $''®* in the CD103 cyto-
plasmic domain was necessary for CD103-dependent early T-
cell signaling by monitoring the Ca?* response triggered by a
combination of rE-cadherin-Fc and low doses of anti-CD3 mAb
in JTag T cells transfected with the different constructs. As
expected, a strong calcium response was obtained with cells
transfected with CD103-WT, CD103-A3 and CD103-S1163D
fusion proteins (Supplementary Fig. S4B). In contrast, only a
weak Ca’" increase was observed with CD103-A2. Notably,
CD103-S1163A substitution had no effect on calcium response,
suggesting that the structural integrity of the ES''®’IRKAQL

7080 Cancer Res; 77(24) December 15, 2017

motif, rather than the phosphorylation status of $'%3, is impor-

tant for CD103-mediated early T-cell signaling. These results
further support the conclusion that the CD103-ESIRKAQL
intracellular motif is required for binding Pxn and initiating
CD103 outside-in signaling.

Discussion

In this report, we show that the CD103 integrin is indispensable
for TCR-mediated CD8"/CD103" Tgy, activities through the o
chain cytoplasmic domain, and that a phosphorylatable Ser at
position 1163 in the ES''“*IRKAQL motif of the subunit tail plays
an important role in CD103 functions. We also show that the Pxn
scaffold protein is involved in CD103 outside-in signaling.
Indeed, engagement of CD103 with plastic-bound rE-cadherin-
Fc on CD8"/CD103™ Try cells freshly isolated from human lung
tumors and tumor-specific CTL clones promotes Pxn phosphor-
ylation and binding to the CD103 cytoplasmic tail. Moreover, we
found that inhibition of Pxn phosphorylation or its knockdown
resulted in blockade of CD103-dependent Tgry functions by
inhibiting both CD103 clustering and intracellular signaling,
leading to cytotoxic granule polarization and exocytosis. Thus,
we conclude that the oz-subunit intracellular domain of CD103
triggers signals that control Ty, adhesion and migratory behavior,
as well as lytic activity, cytokine release and T-cell recruitment with
epithelial tumor islets, through a Pxn-dependent pathway. Con-
sistently, we had previously reported that knockdown of E-cad-
herin in epithelial cancer cells blocked CD103 recruitment at the
IS and, concomitantly, cytolytic granule relocalization and sub-
sequent exocytosis (1).

Pxn exerts important functions in lymphoid cells, working as a
signaling adaptor after its binding to integrin subunits (32). Pxn
localizes to focal adhesions and mediates scaffolding activities by
recruiting numerous structural and signaling proteins. This phos-
phoprotein has also been shown to bind to the o, integrin subunit
tail (23, 24). In this case, two critical specific residues (Glu’®? or
Tyr’!) in a conserved 9-aa region of the o, cytoplasmic domain
have been identified as being sufficient for Pxn binding and
downstream cell spreading and migratory activities induced via
the integrin. Similarly, our results show that the oz cytoplasmic
domain of the CD103 integrin contains an 8-aa region, ES''°IR-
KAQL, required for Pxn binding, CD103 polarization and lyso-
some accumulation at the contact zone between T cells and E-
cadherin-Fc-coated beads. They also demonstrate the key role
played by Ser''®® in this region for controlling these signaling
events.

In additional experiments, we found that deletion of the whole
ES''®3IRKAQL motif suppressed the T-cell Ca®* response induced
after CD3 triggering and amplified by costimulation with immo-
bilized rE-cadherin-Fc molecules. This suggests that the ESIRKAQL
sequence is required for CD103-costimulatory activity during TCR
engagement. In contrast, a S1163A substitution had no effect on
the Ca®" response, suggesting that phosphorylation of $''¢® is not
required for this function. This discrepancy is reminiscent of what
has been found with the NITY”>° motif of the B5 integrin cyto-
plasmic domain. In this case, the structural integrity of this motif
was required for optimal 35 post-ligand binding events, whereas
Tyr”>® was required for Bs-mediated cytoskeleton reorganization
and tyrosine phosphorylation of FAK and Pxn (33). Notably, none
of the o cytoplasmic domain mutations generated in the present
study affected the receptor-ligand interaction, indicating that the

Cancer Research

€202 Joquisoaq 0 uo 1senb Aq Jpd-z20.L/60€65.2/2L0./%2/LLAPA-0[IE/SE1I90UED/BI0"S|BUINCLIOEE//:dNY WO} PapEOUMOQ



phosphorylation status of $'* in the ESIRKAQL motif is dispens-
able for CD103-E-cadherin interaction, but indispensable for
CD103-mediated tyrosine phosphorylation of Pxn and CD103
integrin outside-in signaling effects.

Pyk2 is a protein tyrosine kinase (PTK) that interacts with
several signaling and cytoskeletal molecules, such as Src family
PTK and Pxn (34-37). Pyk2 plays a major role in regulating cell
adhesion and migration (38, 39). It is also essential for LFA-1-
mediated CD8 T-cell adhesion and migration, and a deficiency in
Pyk2 resulted in a specific loss of short-lived effector CD8 T cells
(40). This tyrosine kinase also contributes to CTL migration by
regulating detachment of CTL at the trailing edge (41). Studies
performed with human NK cells indicated that LFA-1 induced
phosphorylation of Pxn and Pyk2, and that LFA-1-dependent
granule polarization was blocked following Pxn knockdown (42).
We show here that the interaction of CD103 on CD8"/CD103"
CTL with plastic-bound rE-cadherin-Fc resulted in phosphoryla-
tion of Pxn and Pyk2. Importantly, it has been reported that the
o4-Pxn association enhanced Pyk2 and/or FAK phosphorylation,
and that increased activation of Pyk2 and/or FAK is an immediate
signaling event required for trans-regulation of LFA-1 by the 041
integrin (39). It is therefore tempting to speculate that the aug-
mented phosphorylation of Pyk2 induced upon oE-Pxn ligation
also stimulates LFA-1-mediated T-cell migration and functions,
including in the tumor microenvironment. A role of the cE-Pxn
complex in this case would be to recruit Pyk2 to sites of oE-
mediated adhesion.

We report here that CD103-E-cadherin adhesion triggers phos-
phorylation of Pyk2 and Pxn proteins, both of which participate
in the signaling properties of CD103. The Pxn N-terminus region
contains five LD motifs that serve as binding sites for FAK tyrosine
kinase and the integrin-linked kinase (ILK; refs. 43-45). The
association of Pxn with ILK is essential for targeting ILK to focal
adhesions. Involvement of ILK in both inside-out and outside-in
integrin signaling (46, 47) and in B2 integrin-mediated polari-
zation of lytic granules toward the target have been reported (48).
We previously showed that the interaction of TGF-f with its
receptors TGFBR on the surface of CD8*/CD103" T cells induces
recruitment and phosphorylation of ILK and its subsequent
binding to the CD103 intracellular domain (13). This CD103-
phospho-ILK interaction induces phosphorylation of AKT, initi-
ating an integrin inside-out signaling leading to activation of
CD103 and strengthening of CD103-E-cadherin adhesion. There-
fore, it is not excluded that a Pxn-Pyk2-ILK focal adhesion
complex is formed during CD103 engagement with its ligand
E-cadherin.

Together, our results emphasize the crucial role of the oE-
cytoplasmic domain of the CD103 integrin for the functional
activities of CD81/CD103* Tgy, cells infiltrating human epithelial
tumor lesions. They probably explain why CD103 expression is a
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