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Summary

Objectives Signals at the contact site of antigen-presenting cells (APCs) and T cells help orchestrate
the adaptive immune response. CD155 on APCs can interact with the stimulatory receptor DNAM1 or
inhibitory receptor TIGIT onT cells. The CD155/DNAM1/TIGIT axis is under extensive investigation as
immunotherapy target in inflammatory diseases including cancer, chronic infection and autoimmune
diseases. We investigated a possible role for CD155/DNAM1/TIGIT signaling in psoriatic disease.

Methods By flow cytometry, we analyzed peripheral blood mononuclear cells of patients with psor-
iasis (n = 20) or psoriatic arthritis (n = 21), and healthy individuals (n = 7). We measured CD155, TIGIT,
and DNAM1 expression on leukocyte subsets and compared activation-induced cytokine production
between CD155-positive and CD155-negative APCs. We assessed the effects of TIGIT and DNAM1

Abbreviations: APC: Antigen-presenting cell; APR: Acute phase reactant; CI: Confidence interval; cM: Classical monocyte; CRP: C-reactive
protein; DC: Dendritic cell; DNAM1: DNAX-accessory molecule-1; ESR: Erythrocyte sedimentation rate; FSC: Forward scatter; HC: Healthy
control; HLA-DR: Human leukocyte antigen — DR isotype; IFNy: Interferon gamma; iM: Intermediate monocytes; LPS: Lipopolysaccharide;
mAbs: Monoclonal antibodies; mDC: Myeloid dendritic cell; MFI: Median fluorescence intensity; MWU: Mann-Whitney U test; ncM: Non-
classical monocytes; PASI: Psoriasis Area and Severity Index; PBMC: Peripheral blood mononuclear cell; pDC: Plasmacytoid dendritic cell;
PsA: Psoriatic arthritis; PsD: Psoriatic disease; PsO: Psoriasis; 7 : Spearman’s rank correlation coefficient; SSC: Sideward scatter; TIGIT: T-cell
immunoglobin and ITIM domain; TNF: Tumor necrosis factor; Treg: Regulatory T cell; Th: Helper T cell.
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blockade onT cell activation, and related the expression of CD155/DNAM1/TIGIT axis molecules to

measures of disease activity.

Results High CD155 expression associates with tumor necrosis factor (TNF) production in myeloid
and plasmacytoid dendritic cells (DC). In CD1c+ myeloid DC, activation-induced CD155 expression as-
sociates with increased HLA-DR expression. CD8T cells — but not CD4T cells — express high levels of
TIGIT. DNAM1 blockade decreasesT cell pro-inflammatory cytokine production, while TIGIT blockade
increasedT cell proliferation. Finally, T cell TIGIT expression shows an inverse correlation with inflam-

mation biomarkers in psoriatic disease.

Conclusion CD155 is increased on pro-inflammatory APCs, while the receptors DNAM1 and TIGIT
expressed onT cells balance the inflammatory response by T cells. In psoriatic disease, low TIGIT ex-
pression onT cells is associated with systemic inflammation.

Graphical Abstract

Figure created using images from http://smart.servier.com.
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Introduction

Integrated signals from antigen-presenting cells (APCs),
among those most notably dendritic cells (DC), can or-
chestrate effector T cell responses [1]. Accordingly, acti-
vated APCs produce cytokines and upregulate the display
of peptide/human leukocyte antigen (HLA) complexes
and co-stimulatory molecules, to support ensuing adap-
tive immune responses [2]. Important molecules at the
APC-T-cell contact site include co-inhibitory receptor T
cell immunoreceptor with Ig and ITIM domains (TIGIT)
and co-stimulatory receptor DNAX accessory molecule-1
(DNAMI1, also known as CD226) on T cells. These re-
ceptors bind the same ligand on APCs, but have opposite
effects [3]. Their ligand CD155 (also known as Poliovirus
Receptor or NECLS5) is mainly expressed by myeloid cells
and interacts with effector T cells [4, 5]. While DNAM1
binding on T cells induces cytokine release and cyto-
toxicity, TIGIT evokes an immunosuppressive and non-
cytotoxic profile [6, 7]. Binding of CD155 in DCs induces
a rather tolerogenic profile as part of a negative feedback
signal to prevent ongoing inflammation [6].
Dysregulation of the CD155/DNAMI1/TIGIT axis
plays an important role in the pathogenesis of various
diseases. In cancer CD155 is upregulated in multiple

tumor cell types and CD155 can modify tumor mass
infiltration by lymphocytes, which may explain the as-
sociation of CD155 upregulation with an unfavorable
prognosis of solid tumors [8, 9]. Furthermore, aberrant
expression of CD155, DNAM1, and TIGIT are suggested
to be involved in the pathogenesis of non-malignant dis-
eases, including primary Sjogren’s syndrome [10], psor-
iasis [11], HIV infection [12-14], and in mouse models
for rheumatoid arthritis [15], and sepsis [16]. In theory,
depending on disease- and cell-specific DNAMT1 and
TIGIT expression, blockade of CD155 could either
improve immune response Or Iincrease immunosup-
pression [6]. Moreover, targeting TIGIT with antagon-
istic monoclonal antibodies (mAbs) appears a logical
immunotherapeutic strategy for solid tumors. Therefore,
the CD155/DNAM1/TIGIT axis is under investigation as
immunotherapy target.

Psoriasis is a common inflammatory disease that
mainly affects the skin. Up to 30% of psoriasis pa-
tients develop musculoskeletal inflammation, termed
psoriatic arthritis (PsA) [17]. The pathophysiology of
psoriatic disease is characterized by increased release
of pro-inflammatory cytokines — such as tumor ne-
crosis factor (TNF), IL-17, and IL-23 — and chronic
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activation of the innate and adaptive immune system,
in which DC and T cells have a central role [17]. In
psoriasis, one previous study observed decreased ex-
pression of TIGIT on CD4 T cells, which associated
with an increased Psoriasis Area and Severity Index
(PASI) — a tool to measure skin disease activity [11].
Stimulation of TIGIT using recombinant CD155/Fc
protein inhibited proliferation of these CD4 T cells in
vitro [11]. In psoriatic disease, both CD4 and CD8 T
cells communicate with APCs to direct the adaptive im-
mune response. CD4 T cells contribute importantly in
the chronic phase of psoriatic disease, and CD8 T cells
appear particularly important during the initiation of
inflammation [18-20]. Variation in CD155/DNAM1/
TIGIT expression levels under inflammatory conditions
may lead to altered interactions at the APC-T cell con-
tact site in psoriatic disease and offer potential targets
for immunotherapy.

We first examined CD155 expression on six APC
subsets, and quantified the expression of DNAMT1 and
TIGIT on CD4 and CDS8 T cells. Next, in functional
assays, we blocked DNAM1 or TIGIT specifically to
monitor the effect of these molecules on T cell responses.
Lastly, we examined whether the DNAM1 and TIGIT
balance was disturbed in patients with the psoriatic dis-
eases psoriasis and psoriatic arthritis.

Materials and Methods
Subjects

We used blood samples of two cohorts, that included
a total of 7 healthy controls (HC), 20 psoriasis pa-
tients, and 21 PsA patients. We collected baseline char-
acteristics and disease severity parameters, including
disease-modifying anti-rheumatic drug use, PASI,
C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), swollen joint count, and tender joint count
(Supplementary Tables S1 and S2). We used cohort
1 (HC n = 7, psoriasis n = 7, and PsA n = 7) to as-
sess ex vivo CD155, TIGIT and DNAM]1 expression,
and for DNAM1/TIGIT blocking assays (Figs 1 and
4-6; Supplementary Figs S1A, S2, S3, and S5). We
used cohort 2 (psoriasis 7 = 13 and PsA n = 15) to
quantify TNF production by CD155-positive and
CD155-negative APCs (Figs 2 and 3; Supplementary
Figs S1B and S4). We obtained approval of the med-
ical research ethics committee Utrecht for both study
cohorts (Cohort 1 source ID 13/696, Trial NL4508;
Cohort 2 source ID 15/429, Trial NL53860.041.15).
Informed consent was obtained for experimentation
with human samples. The work has been carried out

in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki).

Samples

Blood was drawn into BD Vacutainer™ Plastic Blood
Collection Tubes with Lithium Heparin. Peripheral blood
mononuclear cells (PBMC) were isolated using density
centrifugation (Ficoll-Paque).

Ex vivo CD155, TIGIT, and DNAM?1 expression

PBMCs ex vivo were used for the quantification of
CD155 expression by APC subsets and TIGIT/DNAM1
expression by CD4 and CD8 T cells.

APC activation

To compare activation-induced TNF production between
CD155-positive and CD155-negative APCs, we cultured
PBMCs in medium (RPMI 1640 + 10% fetal bovine
serum). Cells were left untreated (negative control) or
stimulated with 100 ng/ml TLR-4 ligand (lipopolysac-
charide [LPS]-EB Ultrapure) (tlrl-3pelps, Invivogen) for 4
hours, while inhibiting protein transport with 1:1000 BD
GolgiStop (10716676, BD Bioscience).

TIGIT/DNAM1 blocking assays

To assess to assess the effect of TIGIT and DNAM1
blockade on T cell activation and proliferation, we cultured
PBMC:s in complete medium (RPMI 1640 + 10% fetal bo-
vine serum + 1% Penicillin-Streptomycin) with 10 pg/ml
TIGIT blocking antibody (16-9500-82, Invitrogen), 10 pg/
ml DNAMI1 blocking antibody (559787, BD Pharmingen),
or 10 pg/ml isotype control for TIGIT (16-4714-82,
Invitrogen) and DNAM1 (555746, BD Pharmingen). To as-
sess proliferation we added 2 pM CellTrace Violet reagent
(C34557, Life Technologies). To induce T cell activation
and proliferation, we stimulated PBMCs 30 minutes after
TIGIT/DNAM1 blockade with CD3/CD28 Dynabeads
(11131D, ThermoFisher) in a 10:1 PBMC:Dynabead ratio.
After 3 days, PBMCs were re-stimulated with 50 ng/ml
phorbol myristate acetate (16561-29-8, Sigma-Aldrich)
and 1 pg/ml ionomycin (56092-82-1, Simga-Aldrich) for 4
hours, while inhibiting protein transport with 1:1000 BD
GolgiStop (10716676, BD Bioscience).

Antibody panels

Four antibody panels were used for flow cytometry ana-
lyses. Panel I was used for ex vivo quantification of APC
CD155 expression (Fig. 1; Supplementary Figs S1A, S3,
and SS5E-J]). We used panel II to quantify CD155 ex-
pression and TNF production of LPS-stimulated APCs
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Figure 1. CD155 surface expression by APCs. Pooled flow cytometry analysis of PBMCs ex vivo, of healthy controls (n = 7, symbol
with cross), psoriasis (n = 7, open symbol), and psoriatic arthritis (n = 7, filled symbol) patients. Shown data are from six APC
subsets: CD14+CD16- classical monocyte (cM), CD14+CD16+ intermediate monocyte (iM), CD14-CD16+ non-classical monocyte
(ncM), CD141+ myeloid DC (mDC), CD1c+ mDC, and CD303+ plasmacytoid DC (pDC). (A) Proportion of APC subset in PBMCs (gate
‘Single Cells’ Supplementary Fig. S1A). (B) Proportion of CD155-positive cells in APC subset. (C-H) Gating strategy of the selection
of CD155-positive cells in cM (C), iM (D), ncM (E), CD141+ mDC (F), CD1c+ mDC (G), and pDC (H).

(Figs 2 and 3; Supplementary Figs S1B and S4). Panel
III was used to assess ex vivo TIGIT/DNAMI1 expression
(Fig. 4; Supplementary Figs S2A and S5A-D), panel IV to
quantify the effect of TIGIT/DNAM1 blockade on T cell
proliferation (Fig. 5; Supplementary Fig. S2B) and panel
V to quantify the effect of TIGIT/DNAM1 blockade on
T cell activation (Fig. 5; Supplementary Fig. S2C). Panel
I included antibodies against CD1c (APC; 17-0015-42,
eBioscience), CD3 (AF700; 300424, Biolegend), CD19
(AF700; 56-0199-42, eBioscience), CD14 (APC-eFluor
780; 47-0149-42, eBioscience), CD16 (BV510; 563829,
BD Horizon), CD56 (PE-CF594; 56228, BD Horizon),
CD141 (BV711; 563155, BD Horizon), CD1S55

(PE; 337609, Biolegend), CD303 (PE-Cy7; 354214,
Biolegend), HLA-DR (FITC; 347400, BD), and a Fixable
Viability Dye (eF450; 65-0863-14, eBioscience). Panel 1T
comprised antibodies targeting CD1c¢ (APC; 17-0015-
42, eBioscience), CD3 (AF700; 300424, Biolegend),
CD19 (AF700; 56-0199-42, eBioscience), CD56 (AF700;
557919, BD Pharmingen), CD11c (PE-CF594; 562393,
BD Horizon), CD14 (PerCP-Cy5.5; 325622, Biolegend),
CD16 (BV510; 302048, Biolegend), CD123 (FITC;
11-1239-42, eBioscience), CD141 (BV711; 563155, BD
Horizon), CD155 (PE; 337609, Biolegend), HLA-DR
(BV-421; 307636, Biolegend), TNF (PE-Cy7; 25-7349-
82 eBioscience), and a Fixable Viability Dye (eF780;
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Figure 2. High TNF production by CD155 expressing APCs. Flow cytometry analysis of psoriatic disease patients PBMCs stimu-
lated for 4 hours with LPS (100 ng/ml) in the presence of Brefeldin A (1:1000). (A) Proportion of TNF producing cells within CD155-
positive and CD155-negative APC subsets of psoriasis patients (n = 13, open symbol) and psoriatic arthritis patients (n = 15, filled
symbol): CD14+CD16- classical monocyte (cM), CD1c+ myeloid dendritic cell (mDC), and CD123+ plasmacytoid dendritic cell (pDC)
(detailed gating strategy shown in Supplementary Fig. S1B). (B-D) Representative flow plots of TNF production by CD1c+ mDC:
CD155-positive TNF FMO control (B), CD155-negative CD1c+ mDC (C), and CD155-positive CD1c+ mDC (D). *Significant P-value
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Figure 3. Positive correlation of CD155 and HLA-DR in activated CD1c+ mDC. Flow cytometry analysis of psoriatic disease patients
PBMCs stimulated for 4 hours with LPS (100 ng/ml). Shown is the positive correlation of the percentage of CD155-positive CD1c+
mDC and the MFI of HLA-DR expressed by CD1c+ mDC (Spearman’s rank correlation coefficient r, = 0.664 [95% CI 0.433-0.813],
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Figure 4. HigherTIGIT and comparable DNAM1 expression by CD8 versus CD4T cells. Flow cytometry analysis of CD4 (square) and
CD8 (circle) T cells ex vivo of healthy controls (HC, n =7, symbol with cross), psoriasis (PsO, n =7, blank symbol), and psoriatic arth-
ritis (PsA, n =17, filled symbol) patients. (A-D) Pooled data of all subjects. (E-F) Data of HC, PsO, and PsA patients shown separately.
(A) Significantly higher proportion of TIGIT-positive CD8T cells compared to CD4T cells. (B) Comparable proportion of DNAM1-
positive CD8 and CD4T cells. (C) Significantly higher TIGIT MFI of CD8T cell compared to CDAT cells. (D) Comparable DNAM1 MFI
of CD4 and CD8T cells. (E) Comparable proportion of TIGIT-positive CD4T cells in HC, PsO, and PsA. (F) Comparable proportion of
DNAM1-positive CD4T cells in HC, PsO and PsA. (G) Comparable proportion of TIGIT-positive CD8T cells in HC, PsO, and PsA. (G)
Comparable proportion of DNAM1-positive CD8T cells in HC, PsO, and PsA. *Significant P-value MWU.
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Figure 5. TIGIT blockade increasesT cell proliferation, and DNAM1 blockade reducesT cell pro-inflammatory cytokine production.
Flow cytometry analysis of PBMCs stimulated for 3 days with CD3/CD28 Dynabeads (PBMC:Dynabead 10:1), after either 10 pg/
ml DNAM1 blocking antibody, 10 pg/mITIGIT blocking antibody or 10 pg/ml DNAM1 and TIGIT blocking antibody isotypes. Pooled
data of healthy controls, psoriasis, and psoriatic arthritis patients. Shown are percentages of proliferated T cells, stained with
2 pM CellTrace Violet reagent (A, B, G, and H) and percentages of TNF and IFNy producingT cells after 4 hours re-stimulation with
50 ng/ml PMA, 1 ug/ml ionomycin in the presence of Brefeldin A (1:1000) (C-F, H-K). (A) TIGIT block significantly increases CD4T
cell proliferation. (B) DNAM1 block has no significant effect on CD4T cell proliferation. (C) No significant difference in CD4T cell
TNF production after TIGIT blockade (44.5% vs. 45.4%, P> 0.05). (D) No significant decrease in TNF production by CD4T cells after
DNAM1 block (44.5% vs. 39.7%, P> 0.05). (E) No significant increase in CD4T cell IFNy production after TIGIT blockade (15.6% vs.
17.4%, P > 0.05). (F) Significantly decreased IFNy production by CD4T cells after DNAM1 block (15.6% vs. 13.0%, P = 0.0015). (G)
TIGIT block significantly increases CD8T cell proliferation. (H) DNAM1 block has no significant effect on CD8T cell proliferation. (l)
No significant difference in CD8T cell TNF production after TIGIT blockade (35.8% vs. 36.1%, P > 0.05). (J) Significant decrease in
TNF production by CD8T cells after DNAM1 block (36.1% vs. 29.6%, P=0.0039). (K) Trend toward increased CD8T cell IFNy produc-
tion after TIGIT blockade (29.4% vs. 32.0%, P> 0.05). (L) Significant decrease in IFNy production by CD8T cells after DNAM1 block

(29.4% vs. 25.9%, P = 0.0140). *Significant P-value Wilcoxon-signed rank test.

65-0865-14, eBioscience). Panel III consisted of anti-
bodies toward CD3 (AF700; 557919, BD Pharmingen),
CD4 (BV711; 2102790, Sony Biotechnology), CD8 (PE-
Cy7; 335822, BD), DNAM1 (APC; 338312, Biolegend),
TIGIT (PerCP-CyS5-5; 46-9200-42, eBioscience) and a
Fixable Viability Dye (eF780; 65-0865-14, eBioscience).
Panel IV included CellTrace Violet reagent (C34557,
Life Technologies) and antibodies against CD3
(AF700; 300424, Biolegend), CD4 (Pe-Cy7; 25-0049-
42, eBioscience), CD8 (V500; 561617, BD horizon),
and a Fixable Viability Dye (eF780; 65-0865-14,
eBioscience). Panel V included antibodies against CD3
(AF700; 300424, Biolegend), CD4 (Pe-Cy7; 25-0049-42,
eBioscience), CD8 (V500; 561617, BD horizon), TNF
(BV421; 562783, BD Horizon), IEN-y (PerCP-Cy5.5;
15599036, Ebioscience), IL-10 (PE; 554706, BD), and a
Fixable Viability Dye (eF780; 65-0865-14, eBioscience).

Flow cytometry

We stained samples by incubation with 25 pl antibody
mix diluted in buffer (500 ml phosphate-buffered saline
+ 5 ml 10% sodium azide + 5 g bovine serum albumin)
for 25 min at 4°C. Before intracellular stain of TNF and
interferon-gamma (IFNy), we fixed and permeabilized

cells with 100 ul Fixation/Permeabilization Concentrate
and Diluent (00-5123-43, 00-5223-56, eBioscience).
Phenotypical cell surface markers were used to differ-
entiate between PBMC subsets: T cells (CD3, CD4, and
CD8), B cells (CD19), monocytes (CD14 and CD16),
natural killer (NK) cells (CD56), plasmacytoid (p)DCs
(CD123 or CD303), myeloid (m)DC1 and -2 (CDlc,
CD11c, and CD141); detailed gating strategies of panels
I-V are shown in Supplementary Figs S1 and S2. Based
upon the differential expression of CD14 and CD16,
we identified classical (cM), intermediate (iM), and non-
classical monocytes (ncM) (Supplementary Fig. STA). We
excluded gated cell populations of < 30 cells. Acquisition
was performed on the BD LSRFortessa with four lasers
(405,488,561, and 635 nm) with DIVA software version
8.0.1. Compensation for spectral overlap and analysis of
FCS files was performed using FlowJo version 10.4.

Statistical analysis

We performed contingency analysis of psoriasis and
PsA clinical characteristics using x> tests for categor-
ical variables, and independent samples T or Mann—
Whitney U (MWU) tests for continuous variables. We
used MWU tests to compare CD155, DNAMI1, and
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TIGIT expression, and TNF production between cell
subsets and patient groups. The Wilcoxon-signed rank
test was used to compare cytokine production between
negative controls and DNAM1/TIGIT blocked T cells.
Additionally, we used Spearman’s rank correlation to
correlate clinical parameters and expression of cell sur-
face markers. We considered a P-value <0.05 as statistic-
ally significant. Statistical analyses were performed using
IBM SPSS version 27 and GraphPad Prism 7.00.

Results

High CD155 expression by monocytes and
CD1c+ mDC

We used flow cytometry to explore CD155 expression on
six PBMC APC subsets: CD14+CD16- classical mono-
cyte (cM), CD14+CD16+ intermediate monocyte (iM),
CD14-CD16+ non-classical monocyte (ncM), CD141+
myeloid DC (mDC), CDlc+ mDC, and CD303+
plasmacytoid DC (pDC). Nearly all cM, iM, and ncM ex-
pressed CD155 (Fig. 1). In contrast, pDC rarely expressed
CD155 and CD141+ mDC showed variable CD1535 ex-
pression. Overall, CD155 expression among the different
APC subsets was comparable in HC, psoriasis, and PsA
(Supplementary Fig. S3). To summarize, irrespective of
psoriatic disease, monocyte subsets ubiquitously express
CD1535, while DC shows variable CD155 expression re-
lated to their subset.

High TNF production in CD155-positive APCs
upon activation

Next, we examined whether activation-induced TNF pro-
duction by monocyte and DC subsets was related to CD155
expression. For both pDC and mDC, their CD155-positive
fraction produced significantly more TNF compared to
the CD155-negative fraction (Fig. 2). Considering that all
monocyte subsets were ubiquitously positive for CD155,
we could not compare TNF production between CD155-
negative and CD155-positive fractions. However, the per-
centage of TNF producing ¢cM correlated positively with
the mean fluorescent intensity (MFI) of CD155 on cM
(r, = 0.620 [0.370-0.786], P = <0.0001; Supplementary
Fig. S4). Again, no differences between psoriasis and PsA
were observed (data not shown). In summary, the capacity
for TNF production by ¢M, CD1c+ mDC, and pDC cor-
relates positively with their expression of CD1535.

Correlation of CD155 and HLA-DR expression in
CD1c+ mDCs

To further investigate a possible role for CD155 in inflam-
mation, we evaluated whether CD155 expression on CD1c+

mDC associates with HLA-DR expression as a marker for
matured, activated DC. To this end, we stimulated PBMCs
from psoriatic disease patients with LPS (100 ng/ml) for 4
hours and then analyzed by flow cytometry. We found that
in CD1c+ mDC, CD155 expression and HLA-DR expres-
sion were significantly correlated (r, = 0.664 (95% confi-
dence interval [CI] 0.433-0.813), P < 0.0001; Fig. 3).

High TIGIT expression overall on CD8T cells and
lowTIGIT expression on CD4T cells

As CD155 serves as a ligand for DNAMI1 and TIGIT
on T cells, we quantified baseline expression of these re-
ceptors on CD4 and CD8 T cells. TIGIT expression was
significantly higher on CD8 T cells, compared to CD4
T cells (P < 0.0001; Fig. 4A and C), but DNAM1 ex-
pression was comparable between CD4 T cells and CD8
T cells (Fig. 4B and D). We observed no differences in
TIGIT and DNAM1 expression between HC, psoriasis
and PsA patients (Fig. 4E-H).

TIGIT blockade increasesT cell proliferation
and DNAM1 blockade reducesT cell pro-
inflammatory cytokine production

Next, we investigated if CD155 ligation can modu-
late T cell function through selective interaction with
DNAM1 or TIGIT. We therefore included anti-TIGIT or
anti-DNAMI1 blocking antibodies in short-term cultures
in which we stimulated PBMCs using anti-CD3/CD28
Dynabeads. Three days blockade of TIGIT caused a sig-
nificant increase in CD4 and CDS8 T cell proliferation
compared to the negative control (P < 0.001, isotype con-
trol antibody) (Fig. SA and G). Blockade of DNAM1 did
not affect CD8 T cell proliferation (Fig. 5B and H). We
observed no significant differences between psoriasis and
psoriatic arthritis patients (data not shown).

To further explore the effects of TIGIT and DNAM1
on T cell function, we quantified TNF and IFNy produc-
tion by CD4 and CD8 T cells after blockade of either
TIGIT or DNAM1-receptors. Overall, TIGIT block did
not yield a significant increase in cytokine production for
IFNy nor TNF (Fig. 5C,E,LK). DNAMT1 block, on the
other hand, caused a significant decrease in production
of IFNy by CD4 T cells (15.6% vs. 13.0%, P = 0.0015)
and decreased both TNF production (36.1% vs. 29.6%,
P =0.0039; Fig. 5J) and IFNy production by CD8 T cells
(29.4% vs. 25.9%, P = 0.0140; Fig. SL). These findings
were comparable for T cells from HC, psoriasis and
PsA patients (data not shown). Thus, TIGIT blockade
caused an increase in CD4 and CD8 T cell proliferation,
while DNAM1 blockade resulted in decreased pro-
inflammatory cytokine production by T cells.
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TIGIT expression onT cells correlates with APR
in psoriatic disease

We finally investigated a possible clinical association
of the CD155/DNAM1/TIGIT-axis with psoriatic dis-
ease by correlating expression with disease severity
measures. We found that TIGIT expression on CD4
T cells negatively correlates with the acute phase
reactant (APR) ESR (r, = -0.7918 [95%CI -0.9457
to -0.3476], P = 0.0052) and shows a trend toward
correlation with CRP (r,=-0.579 [95%CI -0.8701 to
0.01175], P = 0.0521) in psoriasis and PsA patients
(Fig. 6A and B). Moreover, CD8 T cell TIGIT expres-
sion negatively correlates with both ESR (r_ = -0.705
[95%CI -0.920 to -0.162], P = 0.0189) as CRP
(r. = ~0.663 [95%CI -0.900 to -0.125], P = 0.022;
Fig. 6C and D). There was no correlation of CD4 or
CD8 T cell TIGIT or DNAMT1 expression with psori-
atic disease activity measures (Supplementary Fig.
S5A-D). Also, the proportion of CD155-positive
APCs did not correlate with the clinical outcomes
(Supplementary Fig. SSE-J).

A
;0 PsO
@ ‘@ PsA.
8 4] ry=-0.792
X p = 0.0052
o
hat
& 204
&
E
v, oeg os o
0 T T 1
0 5 10 15
ESR
C
OPsO:
» @ PsA:
E 404 8 re=-0.705
8 p=0.0189
o .
E 20 © L]
: ..
ES o] o] o
0 T T 1
0 5 10 15
ESR

Discussion

To our knowledge, this study is the first to investigate
the role of CD155, DNAM1, and TIGIT in driving in-
flammation in both psoriasis and psoriatic arthritis. We
here confirm that CD153 is highly expressed by human
APCs and that CD1535 associates with an activated and
pro-inflammatory DC phenotype. We confirm a role for
TIGIT and DNAM1 in balancing the adaptive inflam-
matory response. Moreover, our results support the
association of low TIGIT expression with systemic in-
flammation in psoriatic disease.

Our finding that CD155 - the ligand for DNAM1 and
TIGIT - is highly expressed on monocytes and mDC is in
line with previous research [21-24]. Moreover, our data
extend a previously suggested association of CD155 with
inflammation, by showing a correlation of CD155 with
the production of pro-inflammatory cytokine TNF in clas-
sical monocytes, mDC and pDC [16, 25]. Additionally, in
psoriasis and PsA patients, we found a positive correl-
ation between CD155 expression on CD1c+ mDC and
HLA-DR,aDCmaturationand activation marker[26,27].
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Figure 6. ReducedT cell TIGIT expression associates with increased level of acute phase reactants. Correlation of acute phase react-
ants in serum and the percentage of TIGIT-expressing T cells analyzed ex vivo in psoriasis (n = 7, blank symbol) and psoriatic arth-
ritis (n =7, filled symbol) patients, using flow cytometry. (A) Significant correlation of percentage TIGIT-positive CDAT cells and ESR
(r,=-0.7918 [95% Cl -0.9457 to -0.3476], P = 0.0052). (B) Trend toward correlation of CD4TIGIT-positive cells and CRP (r, = -0.792
[95% CI -0.8701 to 0.01175], P = 0.0521). (C) Significant correlation of percentage TIGIT-positive CD8T cells and erythrocyte sedi-
mentation rate (ESR) (Spearman’s Rank correlation coefficient [r] = -0.705 [95% CI -0.920 to -0.162], P = 0.0189). (D) Significant
correlation of CD8TIGIT-positive CD8T cells and C-reactive protein (CRP) (r, = -0.663 [95% CI -0.900 to —0.125], P = 0.022).
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Altogether, these results propose CD155 as key con-
tributor to inflammation.

Our results demonstrate an important role of TIGIT
in the preservation of immune homeostasis, as TIGIT
blockade results in increased CD4 and CD8 T cell pro-
liferation and low T cell TIGIT expression associates
with systemic inflammation in psoriatic disease. The ob-
served increase in CD8 T cell proliferation after TIGIT
blockade may be explained by both a direct effect on
the CD8 T cell TIGIT receptor for CD1535, as by an in-
direct through reduced inhibition of conventional CD4
T helper (Th) and regulatory T cells (Treg) [28]. The ob-
served inhibitory effect of TIGIT on T cell proliferation
is in line with literature [7, 8]. Previous research in the
field of tumor immunology additionally showed that
TIGIT blockade enhances T cell-mediated cytokine pro-
duction, but we did not observe this in our T cell ana-
lyses [11, 29]. The absence of increased T cell cytokine
production after TIGIT blockade in psoriatic disease
possibly relates to the co-existence of CD96 (also known
as Tactile), which is a second co-inhibitory receptor for
CD155 capable of inhibiting T cell cytokine production
in vitro, and which might have overruled the effect of
our TIGIT block [4, 30]. To the best of our knowledge,
the association of TIGIT expression with systemic in-
flammation in psoriatic disease is not yet published, but
is in line with previous research that showed a correl-
ation of CD4 T cell TIGIT expression and skin disease
severity (PASI) in psoriasis [11]. Altogether, our results
suggest that T cell TIGIT expression is important for im-
mune homeostasis.

Furthermore, our results suggest an important role
of DNAMI in the perpetuation of the adaptive im-
mune response because blockade of DNAMT1 resulted
in decreased T cell production of pro-inflammatory
cytokines. We explain this effect on T cells by both the
ceasing of a stimulatory signal, as by more CD155 on
APCs available to bind the inhibitory receptors TIGIT
and CD96 - both able to reduce effector T cell cyto-
kine production [4, 8]. We did not observe an effect
of DNAMI1 blockade on T cell proliferation, which
is not entirely unexpected. Proliferation is likely con-
trolled by additional T cell co-stimulatory receptors
besides DNAMI, at least when stimulated by profes-
sional APCs in vitro [31]. Moreover, previous research
suggests that TIGIT can overrule DNAM1 with re-
gards to T cell proliferation [32]. Explanations for this
finding include dose-dependent competition for the
ligand CD155 (for which TIGIT has higher affinity),
disruption of DNAM1 homo-dimerization by TIGIT,
and interference of TIGIT with DNAMT1 intracellular
signaling cascades [29, 33-35].

We found no direct evidence for disease-specific ab-
errant expression of the CD155/DNAMU/TIGIT axis re-
lating to T cells in psoriatic disease, although a pathogenic
role of TIGIT downregulation on PBMC CD4 T cells had
been suggested in psoriasis [11]. Possibly, our relatively
small sample size or relatively low disease activity of
included patients prevented us from obtaining disease-
specific data. However, combining our results from HC
and psoriatic patients, we argue that further research is
warranted to further elucidate the immunoregulatory
role of the CD155/DNAMI/TIGIT axis in psoriatic
disease. Indeed, a combination therapy consisting of
DNAM1-blocking and TIGIT-stimulating agents might
be effective in modulating the adaptive immune response
via reduction of T cell proliferation and cytokine produc-
tion in patient with chronic inflammation.

Our reductionist approach entails an important limi-
tation of our study of the CD155/DNAMIU/TIGIT axis.
We deem that simplifying this complex network contrib-
uted to our step-by-step exploration of its relevance in
psoriatic disease. Future studies require additional ana-
lyses, such as studying CD155 expression by lymphocytes
and non-hematopoietic tissue cells, the effects of TIGIT
blockade on NK cell function, the additional CD155
co-inhibitory receptor CD96, and the stimulatory effects
of CD112 (an alternative DNAMI1 ligand) [4, 5, 7, 36].

In conclusion, we show that CD155 is increased on
pro-inflammatory APCs and that the receptors DNAM1
and TIGIT - expressed by T cells — balance the T cell
inflammatory response. Moreover, in psoriatic disease,
low T cell TIGIT expression is associated with systemic
inflammation. Our data supports a contributory role
for the CD155/DNAM1/TIGIT axis in a combination
therapy, rather than as mono-therapy. Future research
exploring how DNAM1 and TIGIT regulate the T cell
inflammatory response, could contribute to development
of next generation treatments for psoriatic disease.

Supplementary material

Supplementary data are available at Immunotherapy Advances
online.

Supplementary Figure S1. Gating strategy for CD155 expres-
sion and TNF production by APCs. Legend: (A) Gating strategy
for CD155 expression by APCs. Lymphocytes were determined
by the forward and side scatter profile. Cells were gated in a
FSC-A and FSC-W dot plot to eliminate doublets. Viable cells
were selected based upon negativity for eF450. Phenotypical cell
surface markers were used to exclude non-APCs: T cells (CD3),
B cells (CD19), and natural killer (NK) cells (CD56). We dif-
ferentiated between six APC subsets using the following gates:
CD14+CD16- classical monocyte (cM), CD14+CD16+ inter-
mediate monocyte (iM), CD14-CD16+ non-classical monocyte
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(ncM), CD14-CD16-HLA-DR+CD141+ myeloid dendritic cell
(mDC), CD14-CD16-HLA-DR+CD1c+ mDC and CD14-CD16-
HLA-DR+CD303+ plasmacytoid DC (pDC). Within each APC
subset CD155-positive and CD155-negative cells were selected,
as shown in primary Fig. 1C-H. (B) Gating strategy for TNF
production by activated APCs. Lymphocytes were determined
by the forward and side scatter profile. Cells were gated in a
FSC-A and FSC-W dot plot to eliminate doublets. Viable cells
were selected based upon negativity for eF780. Phenotypical
cell surface markers were used to exclude non-APCs: T cells
(CD3), B cells (CD19), and natural killer cells (CD56). We dif-
ferentiated between three APC subsets using the following gates:
CD14+ classical monocyte (cM), CD14-HLA-DR+CD1c+ mDC
and CD14-HLA-DR+CD123+ plasmacytoid DC (pDC). Within
each APC subset CD155-positive and CD155-negative cells were
selected. Of CD155+ cells, TNF-positive cells were gated (rep-
resentative plots shown in main Fig. 2C and D). Abbreviations:
APC: antigen-presenting cell, cM: classical monocytes, DC: den-
dritic cell, FSC: forward scatter, HLA-DR: human leukocyte
antigen — DR isotype, iM: intermediate monocytes, ncM: non-
classical monocytes, pDC: plasmacytoid dendritic cell, SSC: side-
ward scatter, TNF: tumor necrosis factor.

Supplementary Figure S2. Gating strategy for T cell TIGIT
and DNAM1 expression, proliferation and cytokine produc-
tion. Legend: (A) Gating strategy for ex vivo T cell TIGIT and
DNAM1 expression. Lymphocytes were determined by the for-
ward and side scatter profile. Cells were gated in a FSC-A and
FSC-W dot plot to eliminate doublets. Viable cells were selected
based upon negativity for eF780. CD3 phenotypical cell surface
markers was used to select T cells. Next, CD4 and CDS8 T cells
were gated. Of both T cell subsets T cells positive and negative for
TIGIT and DNAM1 were selected. (B-C) Gating strategies for T
cell proliferation and cytokine production. PBMCs were stimu-
lated for 3 days with CD3/CD28 Dynabeads (PBMC:Dynabead
10:1), after either 10 pg/mL DNAM1 blocking antibody, 10 pg/
mL TIGIT blocking antibody or 10 pg/mL DNAMT1 and TIGIT
blocking antibody isotypes. For proliferation, PBMCs were
stained with 2 pM CellTrace Violet reagent. For cytokine pro-
duction, PBMCs were re-stimulated for 4 hours with 50 ng/
mL PMA, 1 pg/mL ionomycin in the presence of Brefeldin
A (1:1000). (B) Gating strategy for CD4 and CD8 T cell pro-
liferation. Lymphocytes were determined by the forward and
side scatter profile. Cells were gated in a FSC-H and FSC-W dot
plot to eliminate doublets. Viable cells were selected based upon
negativity for eF780. CD3 phenotypical cell surface markers was
used to select T cells. Next, CD4 and CD8 T cells were gated. Of
both T cell subsets the divided population was gated based on
the CellTrace Violet stain. (C) Gating strategy for CD4 and CD8
T cell cytokine production. Lymphocytes were determined by the
forward and side scatter profile. Cells were gated in a FSC-H
and FSC-W dot plot to eliminate doublets. Viable cells were
selected based upon negativity for eF780. CD3 phenotypical cell
surface markers was used to select T cells. Next, CD4 and CD8§
T cells were gated. Of both T cell subsets T cells positive for
TNF and IFNy were selected. Abbreviations: DNAM1: DNAX-
accessory molecule-1, IFNy: interferon gamma, TIGIT: T-cell
immunoglobin and ITIM domain, TNF: tumor necrosis factor.

Supplementary Figure S3. CD155 expression by APC subsets
comparable in HC, psoriasis and PsA. Legend: Flow cytometry
analysis of PBMCs ex vivo of healthy controls, psoriasis and
psoriatic arthritis patients. Shown are percentages of CD155-
positive cells within six APC subsets: CD14+CD16- classical
monocyte (cM), CD14+CD16+ intermediate monocyte (iM),
CD14-CD16+ non-classical monocyte (ncM), CD141+ myeloid
DC (mDC), CD1c+ myeloid mDC and CD303+ plasmacytoid
DC (pDC). Overall, CD155 expression within the different APC
subsets very similar in HC, psoriasis and PsA (p > 0.05), except
for a marginally lower iM CD155 expression in HC vs. psoriasis
(p = 0.038). * Significant difference MWU test. Abbreviations:
APC: antigen-presenting cell, cM: classical monocytes, DC: den-
dritic cell, HC: healthy control, iM: intermediate monocytes,
mDC: myeloid dendritic cell, MWU: Mann Whitney U test,
nCM: non-classical monocytes, pDC: plasmacytoid dendritic
cell, PBMC: peripheral blood mononuclear cell, PsA: psoriatic
arthritis.

Supplementary Figure S4. Positive correlation of CD155 and
TNF presence in activated classical monocytes. Legend: Flow
cytometry analysis of psoriatic disease patients CD14+ classical
monocytes (cM) stimulated for 4 hours with 100 ng/mL LPS in
the presence of Brefeldin A (1:1000). Shown is the correlation
of the percentage TNF producing cM with ¢cM mean fluorescent
intensity (MFI) of CD155. The percentage of TNF producing
cM is positively correlated with CD155 MFI (Spearman’s Rank
correlation coefficient r_ = 0.620 (0.370 - 0.786), p = <0.0001).
Abbreviations: c¢M: classical monocytes, HLA-DR: human
leukocyte antigen — DR isotype, LPS: lipopolysaccharide, MFI:
median fluorescence intensity, r.: Spearman’s rank correlation co-
efficient, TNF: tumor necrosis factor.

Supplementary Figure S5. Correlation of psoriatic disease
activity measures with both T cell TIGIT and DNAM1 expres-
sion, as with APC subsets CD155 expression. Legend: Shown
are scatterplots of psoriatic disease severity measures (PASI,
CRP, ESR SJC, TJC) and the percentage of TIGIT (A,C) or
DNAMI1 (B,D) expressing CD8 and CD4 T cells, or the per-
centage of CD155+ cells within six APC subsets (C-H) in psor-
iasis and psoriatic arthritis patients, measured by flow cytometry.
Spearman’s rank correlation coefficients (r) were calculated to
test correlation. (A) No correlation of PASI, SJC or TJC with the
percentage of TIGIT+ CD8 T cells. (B) No correlation of PASI,
CRP, ESR, SJC or TJC with the percentage of DNAM1+ CD8 T
cells. (C) No correlation of PASL, SJC or TJC with the percentage
of TIGIT+ CD4 T cells. (D) No correlation of PASI, CRP, ESR,
SJC or TJC with the percentage of DNAM1+ CD4 T cells. (E)
No correlation of disease severity measures and the percentage
of CD155-positive CD14+CD16- classical monocytes (cM),
CD14+CD16+ intermediate monocytes (iM) (F), CD14-CD16+
non-classical monocytes (ncM) (G), CD141+ myeloid dendritic
cells (mDC) (H), CD1c+ mDC (I) or CD303+ plasmacytoid DC
(pDC) (J). Abbreviations: APC: antigen-presenting cell, cM:
classical monocytes, CRP: C-reactive protein, ESR: erythrocyte
sedimentation rate, iM: intermediate monocytes, mDC: myeloid
dendritic cell, ncM: non-classical monocytes, PASI: psoriasis
area and severity index, pDC: plasmacytoid dendritic cell, SJC:
swollen joint count, TJC: tender joint count.
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Supplementary Table S1. Baseline characteristics cohort
1. Categorical data are presented with frequencies (%) and con-
tinuous data are shown as mean = standard deviation (normally
distributed variables) or median (interquartile range) (non-
normally distributed variables). * Significant difference psoriasis
vs PsA (p-value < 0.05). Abbreviations: CRP: C-reactive protein,
DMARD: disease modifying anti-rheumatic drug use (past three
months), ESR: erythrocyte sedimentation rate, HC: healthy con-
trol, NA: not applicable, n.m.: not measured, PASI: psoriasis area
and severity index, PsA: psoriatic arthritis, SJC: swollen joint
count, TJC: tender joint count.

Supplementary Table S2. Baseline characteristics cohort
2. Categorical data are presented with frequencies (%) and con-
tinuous data are shown as mean = standard deviation (normally
distributed variables) or median (interquartile range) (non-
normally distributed variables). No significant differences psor-
iasis vs PsA (p-values > 0.05). Abbreviations: CRP: C-reactive
protein, DMARD: disease modifying anti-rheumatic drug use
(past three months), ESR: erythrocyte sedimentation rate, HC:
healthy control, NA: not applicable, PASI: psoriasis area and se-
verity index (range 0-72), PsA: psoriatic arthritis, SJC: swollen
joint count, TJC: tender joint count.

Acknowledgements

We thank all patients who participated in the study. Furthermore,
we show our gratitude to the clinical study team (Anneloes van
Loo, Karin Schrijvers, Joke Nijdeken, Anne Karien Marijnissen,
Nanette Vincken, Nienke Kleinrensink, and Tessa van Kempen).
The Editor-in-Chief and editorial team would like to thank the
handling editor, Stephanie Dougan, and the following reviewer,
Soren Degn, for their contribution to the publication of this
article.

Funding

Financial support for the study was provided by Janssen Inc. The
collaboration project is co-funded by the PPP Allowance made
available by Health~Holland, Top Sector Life Sciences & Health,
to stimulate public—private partnerships.

Author contributions

E.L., T.R., and M.B. were responsible for conceptualization.
Funding acquisition was accounted for by T.R. and E.L. E.L. and
M.B. designed the methodology. M.O. and E.L. performed the
experiments. M.J., J.P,, E.L., and M.B. were primarily respon-
sible for data analysis and writing the original draft. All authors
contributed substantially to reviewing and editing the manu-
script before submission.

Conflict of interest

T.R.D.J. is employed in and has stock with AbbVie. He had no
input in study design or interpretation of its results. The other
authors have no conflict of interest or disclosures.

Data availability

The data underlying this article were in part generated through
funding by Janssen Inc. Data will be shared on reasonable request
to the corresponding author with permission of Janssen Inc.

References

1. Germain RN. T-cell development and the CD4-CD8 lineage
decision. Nat Rev Immunol 2002;2(5):309-22. https://doi.
org/10.1038/nri798

2. Kotsias F Cebrian I, Alloatti A. Antigen processing and
presentation. Int Rev Cell Mol Biol 2019;348:69-121.
https://doi.org/10.1016/bs.ircmb.2019.07.005

3. GaoJ,Zheng Q, Xin N et al. CD155, an onco-immunologic
molecule in human tumors. Cancer Sci 2017;108(10):1934—
8. https://doi.org/10.1111/cas. 13324

4. Georgiev H, Ravens I, Papadogianni G et al. Coming of
age: CD96 emerges as modulator of immune responses.
Front Dmmunol 2018;9:1072. https://doi.org/10.3389/
fimmu.2018.01072

5. Martinet L, Smyth M]J. Balancing natural killer cell ac-
tivation through paired receptors. Nat Rev Immunol
2015;15(4):243-54. https://doi.org/10.1038/nri3799

6. Gorvel L, Olive D. Targeting the ‘PVR-TIGIT axis’ with im-
mune checkpoint therapies. F1000Research. 2020;9:F1000.
https://doi.org/10.12688/f1000research.22877.1

7. Harjunpda H, Guillerey C. TIGIT as an emerging immune
checkpoint. Clin  Exp Immunol 2020;200(2):108-19.
https://doi.org/10.1111/cei. 13407

8.  Sanchez-Correa B, Valhondo I, Hassouneh F et al. DNAM-1
and the TIGIT/PVRIG/TACTILE axis: novel immune check-
points for natural killer cell-based cancer immunotherapy.
Cancers (Basel). 2019;11(6):877. https://doi.org/10.3390/
cancers11060877

9. O’Donnell JS, Madore J, Li XY ef al. Tumor intrinsic
and extrinsic immune functions of CD155. Semin
Cancer Biol 2020;65:189-96. https://doi.org/10.1016/j.
semcancer.2019.11.013

10. Deng C, Chen Y, Li W et al. Alteration of CD226/TIGIT
immune checkpoint on T cells in the pathogenesis of pri-
mary Sjogren’s syndrome. | Autoimmun 2020;113:102485.
https://doi.org/10.1016/j.jaut.2020.102485

11. Wang FE, Wang Y, Wang L et al. TIGIT expression levels on
CD4+ T cells are correlated with disease severity in patients
with psoriasis. Clin Exp Dermatol 2018;43(6):675-82.
https://doi.org/10.1111/ced. 13414

12. Chew GM, Fujita T, Webb GM et al. TIGIT marks ex-
hausted t cells, correlates with disease progression, and
serves as a target for immune restoration in HIV and SIV
infection. PLoS Pathog 2016;12(1):¢1005349. https://doi.
org/10.1371/journal.ppat.1005349

13. Vander Sluis RM, Kumar NA, Pascoe RD et al. Combination
immune checkpoint blockade to reverse HIV latency. |
Immunol 2020;204(5):1242-54. https://doi.org/10.4049/
jimmunol.1901191


https://doi.org/10.1038/nri798
https://doi.org/10.1038/nri798
https://doi.org/10.1016/bs.ircmb.2019.07.005
https://doi.org/10.1111/cas.13324
https://doi.org/10.3389/fimmu.2018.01072
https://doi.org/10.3389/fimmu.2018.01072
https://doi.org/10.1038/nri3799
https://doi.org/10.12688/f1000research.22877.1
https://doi.org/10.1111/cei.13407
https://doi.org/10.3390/cancers11060877
https://doi.org/10.3390/cancers11060877
https://doi.org/10.1016/j.semcancer.2019.11.013
https://doi.org/10.1016/j.semcancer.2019.11.013
https://doi.org/10.1016/j.jaut.2020.102485
https://doi.org/10.1111/ced.13414
https://doi.org/10.1371/journal.ppat.1005349
https://doi.org/10.1371/journal.ppat.1005349
https://doi.org/10.4049/jimmunol.1901191
https://doi.org/10.4049/jimmunol.1901191

Immunotherapy Advances, 2021, Vol. 1, No. 1

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Vendrame E, Seiler C, Ranganath T et al. TIGIT is
upregulated by HIV-1 infection and marks a highly
functional adaptive and mature subset of natural killer
cells. Aids 2020;34(6):801-13. https://doi.org/10.1097/
QAD.0000000000002488

Zhao W, Dong Y, Wu C et al. TIGIT overexpression di-
minishes the function of CD4 T cells and ameliorates the
severity of rheumatoid arthritis in mouse models. Exp
Cell Res 2016;340(1):132-8. https://doi.org/10.1016/j.
yexcr.2015.12.002

Meng Y, Zhao Z, Zhu W et al. CD155 blockade improves
survival in experimental sepsis by reversing dendritic cell dys-
function. Biochem Biophys Res Commun 2017;490(2):283—
9. https://doi.org/10.1016/j.bbrc.2017.06.037

Greb JE, Goldminz AM, Elder JT et al. Psoriasis. Nat
Rev Dis Primers 2016;2:16082. https://doi.org/10.1038/
nrdp.2016.82

Veale D], Fearon U. The pathogenesis of psoriatic arth-
ritis.  Lancet  2018;391(10136):2273-84.  https://doi.
org/10.1016/50140-6736(18)30830-4

Ritchlin CT, Colbert RA, Gladman DD. Psoriatic arth-
ritis. N Engl | Med 2017;376(10):957-70. https://doi.
org/10.1056/NEJMral1505557

Diani M, Altomare G, Reali E. T cell responses in psoriasis
and psoriatic arthritis. Autoimmun Rev 2015;14(4):286—
92. https://doi.org/10.1016/j.autrev.2014.11.012

Pende D, Castriconi R, Romagnani P et al. Expression of
the DNAM-1 ligands, Nectin-2 (CD112) and poliovirus
receptor (CD1535), on dendritic cells: relevance for natural
killer-dendritic cell interaction. Blood 2006;107(5):2030-6.
https://doi.org/10.1182/blood-2005-07-2696

Freistadt MS, Fleit HB, Wimmer E. Poliovirus receptor on
human blood cells: a possible extraneural site of poliovirus
replication. Virology 1993;195(2):798-803. https://doi.
0rg/10.1006/viro.1993.1433

Maier MK, Seth S, Czeloth N ef al. The adhesion re-
ceptor CD155 determines the magnitude of humoral im-
mune responses against orally ingested antigens. Eur |
Immunol 2007;37(8):2214-25. https://doi.org/10.1002/
€j1.200737072

Yamashita-Kanemaru Y, Takahashi Y, Wang Y et al.
CD155 (PVR/Necl5) mediates a costimulatory signal
in CD4+ T cells and regulates allergic inflammation. |
Immunol 2015;194(12):5644-53. https://doi.org/10.4049/
jimmunol.1401942

Kamran N, Takai Y, Miyoshi J et al. Toll-like receptor ligands
induce expression of the costimulatory molecule CD155
on antigen-presenting cells. PLoS One 2013;8(1):e54406.
https://doi.org/10.1371/journal.pone.0054406

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

Kawamura K, Iyonaga K, Ichiyasu H et al. Differentiation,
maturation, and survival of dendritic cells by osteopontin
regulation. Clin Diagn Lab Immunol 2005;12(1):206-12.
https://doi.org/10.1128/CDLI.12.1.206-212.2005

Boes M, Cuvillier A, Ploegh H. Membrane specializa-
tions and endosome maturation in dendritic cells and B
cells. Trends Cell Biol. 2004;14(4):175-83. https://doi.
org/10.1016/;.tcb.2004.02.004

Kurtulus S, Sakuishi K, Ngiow SF et al. TIGIT predomin-
antly regulates the immune response via regulatory T cells.
J Clin Invest 2015;125:4053-62. https://doi.org/10.1172/

JCI81187
Lozano E, Joller N, Cao Y et al. The CD226/CD155
interaction  regulates the proinflammatory  (Th1/

Th17)/anti-inflammatory (Th2) balance in humans. |
Immunol 2013;191(7):3673-80. https://doi.org/10.4049/
jimmunol.1300945

Stanko K, Iwert C, Appelt C et al. CD96 expression de-
termines the inflammatory potential of IL-9-producing
Th9 cells. Proc Natl Acad Sci USA 2018;115(13):E2940-9.
https://doi.org/10.1073/pnas.1708329115

Gilfillan S, Chan CJ, Cella M et al. DNAM-1 pro-
activation  of lymphocytes by
nonprofessional antigen-presenting cells and tumors. |
Exp Med 2008;205(13):2965-73. https://doi.org/10.1084/
jem.20081752

motes cytotoxic

. Battella S, Oliva S, Franchitti L et al. Fine tuning of the

DNAM-1/TIGIT/ligand axis in mucosal T cells and its
dysregulation in pediatric inflammatory bowel diseases
(IBD). Mucosal Immunol 2019;12(6):1358-69. https://doi.
org/10.1038/s41385-019-0208-7

Yu X, Harden K, Gonzalez LC et al. The surface protein
TIGIT suppresses T cell activation by promoting the gen-
eration of mature immunoregulatory dendritic cells. Nat
Immunol  2009;10(1):48-57.  https://doi.org/10.1038/
ni.1674

Stanietsky N, Rovis TL, Glasner A et al. Mouse TIGIT in-
hibits NK-cell cytotoxicity upon interaction with PVR. Eur
J Immunol 2013;43(8):2138-50. https://doi.org/10.1002/
€j1.201243072

Johnston RJ, Comps-Agrar L, Hackney ] et al. The
immunoreceptor TIGIT regulates antitumor and antiviral
CD8(+) T cell effector function. Cancer Cell2014;26(6):923—
37. https://doi.org/10.1016/j.ccell.2014.10.018

Bottino C, Castriconi R, Pende D et al. Identification of
PVR (CD155) and nectin-2 (CD112) as cell surface ligands
for the human DNAM-1 (CD226) activating molecule. |
Exp Med 2003;198(4):557-67. https://doi.org/10.1084/
1em.20030788


https://doi.org/10.1097/QAD.0000000000002488
https://doi.org/10.1097/QAD.0000000000002488
https://doi.org/10.1016/j.yexcr.2015.12.002
https://doi.org/10.1016/j.yexcr.2015.12.002
https://doi.org/10.1016/j.bbrc.2017.06.037
https://doi.org/10.1038/nrdp.2016.82
https://doi.org/10.1038/nrdp.2016.82
https://doi.org/10.1016/S0140-6736(18)30830-4
https://doi.org/10.1016/S0140-6736(18)30830-4
https://doi.org/10.1056/NEJMra1505557
https://doi.org/10.1056/NEJMra1505557
https://doi.org/10.1016/j.autrev.2014.11.012
https://doi.org/10.1182/blood-2005-07-2696
https://doi.org/10.1006/viro.1993.1433
https://doi.org/10.1006/viro.1993.1433
https://doi.org/10.1002/eji.200737072
https://doi.org/10.1002/eji.200737072
https://doi.org/10.4049/jimmunol.1401942
https://doi.org/10.4049/jimmunol.1401942
https://doi.org/10.1371/journal.pone.0054406
https://doi.org/10.1128/CDLI.12.1.206-212.2005
https://doi.org/10.1016/j.tcb.2004.02.004
https://doi.org/10.1016/j.tcb.2004.02.004
https://doi.org/10.1172/JCI81187
https://doi.org/10.1172/JCI81187
https://doi.org/10.4049/jimmunol.1300945
https://doi.org/10.4049/jimmunol.1300945
https://doi.org/10.1073/pnas.1708329115
https://doi.org/10.1084/jem.20081752
https://doi.org/10.1084/jem.20081752
https://doi.org/10.1038/s41385-019-0208-7
https://doi.org/10.1038/s41385-019-0208-7
https://doi.org/10.1038/ni.1674
https://doi.org/10.1038/ni.1674
https://doi.org/10.1002/eji.201243072
https://doi.org/10.1002/eji.201243072
https://doi.org/10.1016/j.ccell.2014.10.018
https://doi.org/10.1084/jem.20030788
https://doi.org/10.1084/jem.20030788

