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Introduction

Summary

Decreased expression of CD3-{ chain, an adaptor protein associated with
T-cell signalling, is well documented in patients with oral cancer, but the
mechanistic justifications are fragmentary. Previous studies in patients
with oral cancer have shown that decreased expression of CD3-{ chain
was associated with decreased responsiveness of T cells. Tumours are
known to induce localized as well as systemic immune suppression. This
study provides evidence that oral tumour-derived factors promote
immune suppression by down-regulating CD3-{ chain expression. 2'5'-
Oligoadenylate synthetase 2 (OAS2) was identified by the proteomic
approach and our results established a causative link between CD3-{
chain down-regulation and OAS2 stimulation. The surrogate situation was
established by over-expressing OAS2 in a HEK293 cell line and cell-free
supernatant was collected. These supernatants when incubated with T
cells resulted in down-regulation of CD3-{ chain, which shows that the
secreted OAS2 is capable of regulating CD3-{ chain expression. Incuba-
tion of T cells with cell-free supernatants of oral tumours or recombinant
human OAS2 (rh-OAS2) induced caspase-3 activation, which resulted in
CD3-{ chain down-regulation. Caspase-3 inhibition/down-regulation using
pharmacological inhibitor or small interfering RNA restored down-regu-
lated CD3-{ chain expression in T cells induced by cell-free tumour
supernatant or rh-OAS2. Collectively these results show that OAS2 leads
to impairment in CD3-{ chain expression, so offering an explanation that
might be applicable to the CD3-{ chain deficiency observed in cancer and
diverse disease conditions.

Keywords: CD3-{ chain; humans; T cells; tumour immunology; tumour-
secreted factors.

immune attack. One of these is represented by the pro-
duction of soluble immunosuppressive factors that may

The cancer immunoediting hypothesis stresses the dual
role of the immune system: host protection and tumour
shaping. The immune system, apart from eliminating the
nascent malignant cells, also shapes the tumour through
equilibrium and escape phases." The ability of tumour
cells to escape obliteration by immune cells could be
because of the plethora of strategies used to evade

prevent the pro-inflammatory effects and promote T-cell
dysfunction in the tumour microenvironment. Immune
dysfunction appears to be more frequent and profound in
patients with cancer. Immune effector cells obtained from
the peripheral blood of cancer patients, including oral
cancer have been reported to have a variety of functional
abnormalities, which may vary in magnitude from patient

Abbreviations: HIs, healthy individuals; IFN, interferon; MxA, myxovirus resistance gene A; OAS2, 2'5'-oligoadenylate synthetase
2; PBMCs, peripheral blood mononuclear cells; rh-OAS2, recombinant human OAS2; TCR, T-cell receptor
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to patient and may be related to the extent of the
disease.>® These abnormalities include defects in T-cell
signalling via the T-cell receptor (TCR), decreased tyro-
sine kinase activity following triggering with anti-CD3
monoclonal antibodies, poor lymphocytic proliferative
responses, defects in lytic capacity, and decreased ability
for cytokine production.”® The immune dysfunction is
also associated with the down-regulation of expression of
the TCR-{ chain (CD3-{) or of intracellular protein
kinases in cancer-bearing hosts.”

Decreased expression of the CD3-( chain has been
reported in several autoimmune, inflammatory and
malignant diseases. It has been reported that cancer cells
produce several ligands that function to prevent optimal
T-cell activation through CD3-{ chain down-regulation
and induces either T-cell anergy or apoptosis."® Studies
from our laboratory have shown that post-translational
down-regulation is primarily responsible for decreased
CD3-{ chain expression in the peripheral blood of
patients with oral cancer whereas a dominant transcrip-
tional defect is observed in the tumour compartment.
The down-regulation of CD3-{ chain culminates in
impaired lymphocyte responses in these patients.’

The cytoplasmic domain of CD3-{ chain has several
consensus target sequences for caspases, among which
caspase-3 and caspase-7 have been shown to cleave
in vitro translated CD3-{ chain.'® Caspase-3, an effector
caspase, is expressed during T-cell anergy induction and
recognizes proteins with a common DXXD motif and
cleaves after the second aspartic residue.'"'? Circumstan-
tial evidence for a physiological involvement of active cas-
pase-3 in generating a CD3-{-chain-deficient T-cell
phenotype has been described in patients with gastric and
liver cancers.'>'* T and B cells from Casp3~’~ mice show
hyperproliferative responses, which have been attributed
to reduced activation-induced cell death and to alter-
ations of cell cycle regulation'>'® in these cells, respec-
tively. Caspase-3 also regulates many non-apoptotic
cellular processes, such as cell proliferation, cell-cycle reg-
ulation and cell differentiation.'”'®

The loss of CD3-{ chain is a common observation in
cancer patients. However, the mechanism responsible for
cancer-associated decreased expression of CD3-{ chain
remains controversial. This study reports the identifica-
tion of a tumour-secreted factor isolated from oral cancer
patients that can mediate down-regulation of CD3-{
chain expression. This study unravels the potential role of
tumour-secreted 2'5'-oligoadenylate synthetase 2 (OAS2),
identified by the proteomic approach, in down-regulation
of CD3-{ chain. Defining the mechanism, through which
this factor modulates CD3-{ chain levels, might ultimately
provide a therapeutic target leading to the generation of
effective anti-tumour cellular immune responses in
patients with cancer.
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Materials and methods

Study group

The study was approved by the institutional ethics com-
mittee. After written informed consent, surgically resected
tumours (n = 31) were obtained from patients with newly
diagnosed oral cancer (stage I-1V) before initiation of
treatment. Blood specimens were obtained from healthy
individuals (HIs). Peripheral blood mononuclear cells
(PBMCs) were isolated by differential density gradient
centrifugation (Ficoll-Hypaque, Sigma-Aldrich, St Louis,
MO) from HIs. The mononuclear cell fraction was
washed twice with normal saline, counted and analysed.

Cell culture

The PBMC:s isolated by Ficoll-Hypaque gradient were cul-
tured with RPMI-1640 medium supplemented with 10%
fetal calf serum. The PBMCs from HIs were seeded in 24-
well plates at 1 x 10° cells/ml in each well. Oral tumour
supernatants were added to HI PBMCs at a final dilution of
1 : 1 with RPMI-1640 medium supplemented with 10%
fetal calf serum. After incubation for different times, PBMCs
were harvested and analysed for CD3-({ chain expression.
The HI PBMCs were also stimulated with different concen-
trations of recombinant human OAS2 (rh-OAS2) (Abnova,
Taipei City, Taiwan) or rh-OAS1 (Abnova; 3-96 ng/ml) for
24 hr. PBMCs were harvested and stained for CD3-{ chain
and analysed by flow cytometry.

Tumours were collected in sterile plain RPMI medium
(Invitrogen Life-Technology, Carlsbad, CA) supplemented
with antibiotics. The necrotic, haemorrhagic and fatty tis-
sues were removed and tumour tissues were thoroughly
washed with antibiotic-containing plain RPMI. The
tumour tissues were minced finely and incubated in plain
RPMI containing an enzyme mixture (0-05% collagenase,
0-02% DNase, and 5 U/ml hyaluronidase) (Sigma-
Aldrich), at 37° for 2 hr with intermittent shaking. The
tumour tissues were then passed through a 200-gauge
wire mesh. The cells were washed with plain RPMI med-
ium and were tested for cell viability. Cells with > 90%
viability were used to carry out further experiments.

Oral tumour-derived cell lines (AW13516, AW8507
and AW9803) and HEK293 cells were cultured in 10%
fetal calf serum supplemented modified
Dulbecco’s medium and Dulbecco’s modified Eagle’s
medium, respectively. These adherent cell lines were sub-
cultured at 65-75% confluence.

Iscove’s

Magnetic activated cell sorting

The PBMCs were isolated by differential density gradient
centrifugation using Ficoll Hypaque (Sigma-Aldrich).
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CD3" T cells were purified from PBMCs using
MicroBeads (Miltenyi Biotch, Bergisch Gladbach, Ger-
many) by positive selection. The separation procedure
was conducted according to the manufacturer’s instruc-
tions. The purity of separated cells was > 95% as deter-
mined by flow cytometry (BD Biosciences, San Jose, CA).

Flow cytometry

Cells were either stained with FITC or phycoerythrin-
labelled mouse anti-human CD3-¢ and CD3-{ antibodies
(BD Biosciences, San Diego, CA) or with anti-human
p56LCk and ZAP70 antibodies (Santa Cruz Biotechnology,
Santa Cruz, CA) for 45 min at 4°. Thereafter, cells were
washed and incubated with FITC-labelled goat anti-mouse
IgG (Sigma-Aldrich) for another 45 min at 4°. Briefly,
PBMCs (0-5 x 10° to 1 x 10°) were rinsed in cold PBS
and cold-fixed in 1% paraformaldehyde in PBS for
10 min at 4°. The cells were washed and permeabilized for
15 min with 0-1% saponin in PBS. The permeabilized cells
were stained with the cocktail of antibodies and 50 000
events/sample were acquired with a FACS Aria flow
cytometer (Becton Dickinson, Mountain View, CA). For
the above experiments, cells were gated on the basis of
their forward and side scatter characteristics and the fluo-
rescence intensity was measured. The analysis was per-
formed using FrowJo software (Tree Star, Ashland, OR).

Cloning and cell transfection

The ¢cDNA encoding OAS2 gene was amplified by PCR
using a forward primer containing the Pmel restriction
site and a reverse primer containing the Sall restriction
site. The PCR with 35 cycles at 95° for 1 min, 58°
for 2 min, and 72° for 2 min using the forward primer
5'-AGTTTAAACCATGGGAAATGGGGAGTCCCAGCTGT
C-3' and a reverse primer 5'-ACCGTCGACTGATGACTT
TTACCGGCACTTTC-3" was used. The PCR product
was gel purified and by TA cloning inserted into
pTZ57R/T vector. The pTZ57R/t vector was digested
with EcoRI and Sall to release the OAS2 cDNA, which
was purified and cloned into EcoRI- and Sall-digested
PEGFP-N2 vector. The vector was sequenced and
sequence confirmed the in-frame addition of OAS2 gene
with green fluorescent protein (GFP) present in the
PEGFP-N2 vector. The vector was transfected into
HEK293 cells and supernatant was collected. The col-
lected supernatant was added to the HI PBMCs to mon-
itor CD3-{ chain down-regulation.

Small interfering RNA

The PBMCs were transfected with small interfering RNA
(siRNA) specific for caspase-3 and fluorescent oligonu-
cleotide control siRNA (Cell Signaling Technology, Dan-
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vers, MA) at a concentration of 100 nm using X-
tremeGENE HP transfection reagent (Roche Diagnostics,
Indianapolis, IN). Briefly, cells were transfected with
100 nm control siRNA, or caspase-3-specific siRNA, or
were left untransfected. After 40 hr, untransfected cells
and caspase-3 knockdown cells were stimulated with rh-
OAS2 (24 ng/ml) and at 60 hr post-transfection cells
were harvested; and samples were subjected to Western
blot analysis for caspase-3, CD3-{ chain or f-actin. The
inhibition of caspase 3 expression was assessed at the
60th hr post transfection.

Western blotting

Cells (PBMCs and oral tumour/cell lines) were washed
and lysed using 1% Nonidet P-40 lysis buffer containing
10 mm Tris—=HCl, 50 mm NaCl, 5 mm EDTA, 1 mMm
PMSF, 10 pg aprotinin, 10 pg leupeptin and 1% Nonidet
P-40. The cells were sonicated at 4° then centrifuged for
10 min. Protein lysate was harvested and quantified
using Bradford reagent (Sigma-Aldrich). Samples were
resolved on 12% SDS-PAGE and then transferred to
nitrocellulose membrane (Amersham Pharmacia Biotech,
Piscataway, NJ). The membrane was probed with the
primary antibodies of CD3-{ chain (1 : 300) (6B10.2;
Santa Cruz Biotechnology), OAS2 (1 : 500) (Santa Cruz
Biotechnology), caspase-3 (Cell Signaling Technology)
and f-actin (1 :1000) (Sigma-Aldrich) as loading con-
trol. Immunostaining was performed using appropriate
secondary antibody at a dilution of 1 : 3000 and devel-
oped with ECL plus, a western blot detection system
(Amersham Pharmacia).

Semi-quantitative PCR

RNA was extracted from oral tumour and cell lines using
Trizol reagent (Invitrogen Life Technologies, Grand
Island, NY) in accordance with the company’s instruc-
tions. RNA obtained from cells was reverse transcribed in
the presence of 5 mm MgCl,, 1 x PCR Buffer II, 1 mm
dNTPs, 25 u MuLV reverse transcriptase, 1 unit RNA
guard Ribonuclease inhibitor (Amersham Pharmacia Bio-
tech, Uppsala, Sweden). The OAS2 mRNA levels were
measured by semi-quantitative RT-PCR. The forward and
reverse primer pair for OAS2 5-TTAAATGATAATC
CCAGCCCC-3' and 5-TCAGCGAGGCCAGTAATCTT-
3, respectively.

Caspase-3 detection by fluorometry

The PBMCs were washed in PBS, lysed in ice cold caspase
lysis buffer for 30 min and the lysate was collected after
centrifugation. The caspase enzymatic reaction was per-
formed according to the manufacturer’s instruction (Cas-
pase-3 assay kit, Fluorimetric CASP3F; Sigma-Aldrich).
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Mass spectroscopy

The cell-free supernatant (1 ml) from surgically excised
oral tumours (HPV-negative), oral cancer cells lines
AW8501, AW13516"° and medium alone (control) were
lyophilized. The dried samples were dissolved in 0-5 ml
of ammonium bicarbonate buffer (0-1 M, pH 8-5) and
the samples were concentrated on a centricon (mem-
brane with a molecular weight cut-off of 3000). Sam-
ples were dried in a lyophilizer overnight and the dried
samples were dissolved in dissolution buffer supplied
with the i-TRAQ kit (Applied Biosystems, Foster City,
CA). Samples were digested with trypsin according to
the manufacturer’s protocol and the samples were
labelled with the i-TRAQ reagents 114, 115, 116 and
117. Tryptic peptides of medium control were labelled
with 114, AW8501 peptides with 115, AW13516 pep-
tides with 116 and finally tumour supernatants tryptic
peptides with 117. Samples were pooled and dried in a
speed-vac. The dried samples were fractionated on
strong cation exchange chromatography and fractions
were collected using salt gradient. Each of these frac-
tions was analysed using liquid chromatography tandem
mass spectrometry (LC/MS/MS) on a QSTAR XL mass
spectrometer. By differential labelling, peptides labelled
with isotope 117 (threefold excess) were selected by
subtracting the common peptides found in AWS8501
and AW13516 cell lines from cell-free supernatants of
oral tumours. Mascot analysis was performed to iden-
tify the peptide and the protein from which the peptide
was derived.

Annexin—propidium iodide staining

To analyse an effect of rh-OAS2 on cell viability, pro-
pidium iodide (PI)/annexin V staining kit (BD
PharMingen, San Diego, CA) was used. The PBMCs
were stimulated with rh-OAS2 and after 24 hr cells were
harvested, suspended in binding buffer (10 mm HEPES
pH 7-4, 150 mm NaCl, 0-25 mm CaCl,) and incubated
with PI and FITC-conjugated annexin V (BD Bio-
sciences) in the dark for 15 min at room temperature.
After incubation, 400 pl of binding buffer was added
and cells were analysed immediately on FACSAria
(10 000 events/sample).

Statistical analysis

Results are expressed as the mean + standard error of
mean (SEM). Statistical analysis was performed using
Prism software (Prism Software, Lake Forest, CA) and the
P-value was calculated using Student’s t-test. Two-sided
P-values < 0-05 were considered statistically significant.
Densitometry analysis was performed using IMAGE] soft-
ware (National Institutes of Health, Bethesda, MD).
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Results

Tumour-derived factor from oral tumours down-
regulates CD3-{ chain in peripheral blood
lymphocytes of healthy individuals

Our earlier published data demonstrated that compared
with other T-cell signalling molecules, (p56", Zap70)
CD3-{ chain is markedly decreased in peripheral blood T
cells of patients with oral cancer.” This study was pro-
posed to investigate the role of an oral tumour-derived
factor in regulating CD3-{ chain expression. Single cell
suspensions of oral tumours were prepared by enzyme
disintegration. Oral tumour cells were cultured in serum-
free media and cell-free supernatant (referred to as
tumour supernatant) was collected after 72 hr in culture.
The cell-free supernatants of two cell lines derived from
oral tumours (AW8501 and AW13516) were also used.
The oral tumour supernatant (stage III patient) was
added to the PBMCs of HI and incubated for 24-96 hr.
As seen in Fig. 1(a) the expression of CD3-{ chain was
monitored in HI PBMCs at defined time intervals after
incubation with tumour supernatant. Time Kkinetics
demonstrated that incubation of HI PMBCs with tumour
supernatant led to the progressive decrease in CD3-{
chain expression compared with PBMCs incubated with
medium alone (control). However, the supernatants
derived from the AWS8501 and AW13516 cell lines
were not able to decrease the CD3-{ chain expression
(Fig. 1b, ¢).

The effect of tumour supernatant on other T-cell sig-
nalling molecules (p56"*, Zap70 and CD3g) was also
studied after incubating for 72 hr. The supernatants col-
lected from the patients (Stage I-III) led to a marked
decrease in CD3-{ chain expression whereas its effect on
CD3-¢ chain, ZAP-70 and p56"* expression was marginal
(Fig. 1d—g). However, there was a decrease in expression
of all these signalling molecules when incubated with the
tumour supernatant collected from stage IV patients
(Fig. 1d—g). Interestingly, the effect was best observed on
the CD3-{ chain levels and it inversely correlated with
stage of oral cancer in patients, as shown in Fig. 1(d).
The broad range effect of supernatant collected from the
patients with advanced stage cancer (stage IV) on all the
T-cell signalling molecules (CD3-{ chain, p56™*, ZAP-70)
could be attributed to a general state of immunosuppres-
sion in these patients contributed by the accumulation of
immunosuppressive cells and the secreted immune sup-
pressive factors.

To identify the oral tumour cell-derived factor (s) that
degrade CD3-( chain, a pragmatic approach was adopted.
The cell-free supernatants derived from oral tumours and
cell lines (AW8501 and AW13516) were subjected to LC-
MS/MS. The identities of proteins observed exclusively in
cell-free tumour supernatants were shortlisted (Table 1).

© 2015 John Wiley & Sons Ltd, Immunology, 147, 251-264
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Figure 1. Healthy individual peripheral blood mononuclear cells (PBMCs) were cultured in the presence of tumour supernatant to monitor the
expression of T-cell signalling molecules. (a) Representative figure showing the expression of CD3-{ chain on gated CD3" T cells in healthy indi-
viduals’ (HI) PBMCs at different time-points (24, 48, 72 and 96 hr) after incubation with cell-free supernatant (diluted 1 : 1) obtained from
patients with oral cancer (Stage III patient) and medium (control). (b, ¢) Cell-free supernatants collected from oral tumour-derived cell lines
(AW13516 and AW8501) did not cause any change in CD3-( chain expression after incubating with HI PBMCs for 72 hr. The graph shown is
representative of four independent experiments. (d—g) Oral tumour supernatants were collected after 72 hr in plain RPMI from different tumour
stages (Stage 1, n = 4; stage II, n = 3; stage III, n = 4; and stage IV, n = 6). Oral tumour supernatants were added to the HI PBMCs at a 1 : 1
ratio and after 72 hr the effects of tumour supernatant on CD3-( chain and other T-cell signalling molecules (CD3-¢ chain ZAP70 and p56LCk)
were analysed. The graph indicates the expression (normalized median fluorescence intensity) of T-cell signalling molecules on incubation with
tumour supernatants obtained from different stage tumours. Fluorescence intensity was adjusted to 100 for control. Accordingly intensity for the
test was calculated and represented as normalized fluorescence intensity. ¥**P < 0-0005, **P < 0-005 and *P < 0-05.

The proteins — Nuclear migration protein nudC, SET-
binding protein, Pleckstrin homology-like domain family
B member 2, Kinesin-like protein KIF14, OAS2, Proto-
cadherin f16 precursors — had a higher score (> 23).
OAS2 belongs to the 2'5'-oligoadenylate synthetase family
of antiviral proteins consisting of OAS1, OAS2, OAS3
and OASL proteins, and was taken for further analysis.*’
It is known to control cellular apoptosis;>' which may
alter the expression of caspase-3 and thereby regulate
CD3-{ chain expression. OAS2 is also characterized by
different subcellular locations and enzymatic parameters,
suggesting that this protein might have distinct roles.*”
Hence, based on LC-MS/MS data and previously docu-

© 2015 John Wiley & Sons Ltd, Immunology, 147, 251-264

mented literature OAS2 was shortlisted as the key mole-
cule present in the cell-free supernatants of the oral
tumours that may play a role in CD3-{ chain down-regu-
lation.

Expression of OAS2 in oral tumours and tumour-
derived cell lines

To show the presence of OAS2 in the tumour microenvi-
ronment, the expression of OAS2 at both protein and
mRNA level was analysed in oral tumours. The expres-
sion analysis of OAS2 by western blotting showed that
oral tumours (Stage II) express OAS2 (69 000 MW) at
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Table 1. Screening of proteins present exclusively in tumour supernatant by liquid chromatography tandem mass spectrometry

Description of protein Peptide sequence Mass/Score
Nuclear migration protein nudC K.SMGLPTSDEQKK.Q 885-1/23
Dedicator of cytokinesis protein 7 R.SYTEDWAIVIRK.Y 885/19
SET-binding protein (SEB) R.SYEGFGTYREK.D 884-9/23
Dual specificity tyrosine-phosphorylation-regulated kinase 4 R.NLKPQPRPQTLRK.S 860-8/18
Toll-like receptor 6 precursor (CD286 antigen) K.SIVENIINCIEK.S 860-4/15
Microtubule-associated proteins 1A/1B light chain K.SLVSMSATMAEIYR.D 860-4/17

3C precursor (Microtubule-associated protein 1 light chain 3y)

(MAP1A/MAPIB LC3 C) (MAP1A/1B light chain 3 C)

(MAPI light chain 3-like protein 3) (Autophagy-related protein LC3 C).
U6 snRNA-associated Sm-like protein LSm2 K.SLVGKDVVVELK.N 860-1/19
SWI/SNF-related matrix-associated actin-dependent regulator K.LNYAIFDEGHMLK.N 855-4/15

of chromatin subfamily A containing DEAD/H box 1 (EC 3-6-1.-)
Protein GPR89A (Putative MAPK-activating protein PMO1) R.RLLQTMDMIISK.K 590-6/20
Ephexin-1 (Eph-interacting exchange protein) K.SVNEPLTLNIPWSR.M 590-3/15
Semenogelin-1 precursor K.EQTSVSGAQK.G 590-3/17
Aryl hydrocarbon receptor nuclear translocator 2 (ARNT protein 2) R.SGMDFDDEDGEGPSK.F 582-3/22
Pleckstrin homology-like domain family B member 2 R.SGAASMPSSPK.Q 582/23
Kinesin-like protein KIF14 R.SGHLTTKPTQSK.L 534-0/16
Chromatin-modifying protein 4c K.KHGTQNK.R 478-3/16
PHD finger protein 21B RHQNGDLK.K 478-3/16
CD109 antigen precursor (p180) RTYTWLK.G 478-3/16
Ankyrin repeat and SOCS box protein 1 (ASB-1) K.WESLGPESRGR.R 473-3/14
Interleukin-1 family member 8 (IL-1F8) R.TNIGMPGR.M 502-8/11
Mastermind-like protein 3 (Mam-3) R.SLQGMPGR.T 502-8/11
Kinesin-like protein KIF14 R.SGHLTTKPTQSK.L 524-9/27
Microtubule-associated proteins 1A/1B light chain 3C precursor K.SLVSMSATMAEIYR.D 860-4/15
Integrin a-L precursor R.RGLFPGGR.H 503-8/14
Ras-related protein Rab-6B M.SAGGDFGNPLRK.F 503-3/14
Kelch domain-containing protein 5 R.SNFKLVAVNSK.L 450-8/11
2'-5'-oligoadenylate synthetase 2 (EC 2-7-7.-) R.ILNNNSK.R + 473-3/23
Epididymal secretory protein E1 precursor K.TYSYLNK.L 517-3/19
Pericentrin (Pericentrin B) (Kendrin) R.SLTEQQGR.L 531-2/22
Ubiquitin-conjugating enzyme E2 J1 (EC 6-3-2-19) R.GPPDSDFDGGVYHGR.I 573-8/16
Protocadherin 16 precursor (PCDH-f16) R.VIDINDHSPMFTEKEMILK. 855-1/23

the protein level as shown in Fig. 2(a). For OAS2 mRNA
expression, total RNA was extracted from surgically
excised oral tumours and adjacent normal tissue. Com-
plementary DNA (cDNA) was prepared from the total
RNA using MuLV RT enzyme. Gene-specific PCR was
performed for GAPDH and OAS2. The heterogeneous
expression of OAS2 mRNA was observed in oral tumours
(Stage II and III) (Fig. 2b). The overall expression of
mRNA for OAS2 remained high in oral tumours with
two out of three tumours showing higher mRNA of
OAS2 compared with the histologically adjacent normal
tissues (Fig. 2c). In one of the oral tumour samples,
mRNA expression of OAS2 was not observed but in its
adjacent normal tissue OAS2 expression was noted. How-
ever, in oral tumour-derived cell lines (AW13516,
AWS8507 and AW9803) OAS2 expression was observed
only at mRNA level (Fig. 2d) but not at the protein level.
This may suggest that the tumour microenvironment
contributes to OAS2 expression.
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Secreted OAS2 mediates CD3-{ chain down-
regulation in PBMCs of healthy individuals

To analyse the role of extracellular OAS2 in degrading
CD3-{ chain, the key T-cell signalling molecule, a surrogate
situation, was created by transfecting vector control
(pEGFP-N2) or an OAS2-encoding pEGFP-N2 vector
(pEGFP-N2 + OAS2) into HEK293 cells. Total RNA was
extracted from transfected cells, and mRNA expression
levels were analysed by RT-PCR. As shown in Fig. 3(a;
upper panel) OAS2 expression was higher in cells trans-
fected with (pEGFP-N2 + OAS2) compared with the
untransfected or vector-control-transfected HEK293 cells.
Transfected cells were also analysed by flow cytometry for
GFP positivity, which indirectly also confirms over-expres-
sion of OAS2 protein as depicted in Fig. 3(a; lower panel).
Supernatants were collected from OAS2 (pEGFP-
N2 + OAS2) and vector control (pEGFP-N2) -transfected
HEK293 (referred to as control) cells after 48 hr. The

© 2015 John Wiley & Sons Ltd, Immunology, 147, 251-264
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Figure 2. Expression of 2'5'-oligoadenylate synthetase 2 (OAS2) in oral tumour cells. (a) Total protein extract from oral tumours was used to

detect the levels of OAS2 and f-actin by Western blotting. The protein extracts (40-60 pg) prepared from oral tumours (n = 2) was loaded into
the SDS-PAGE and then transferred to the nitrocellulose membrane. The results showed a presence of the OAS2 (p69) in these tumours, f-actin
was used as internal control. (b) Total RNA (150-300 ng/pl) was isolated from the oral tumours and cell lines of oral tumour origin. The iso-
lated RNA was converted into cDNA and cDNA was subjected to PCR, as described in the Materials and methods, to detect OAS2 and GAPDH
transcripts. The expression of OAS2 transcript in oral tumours (T) and its adjacent normal tissues (N) is shown. (c) Band densitometry illustrat-

ing total OAS2 transcript expression is higher in oral tumours compared with the adjacent normal tissue. (d) Expression of OAS2 mRNA in oral

tumour-derived cell lines (AW13516, AW8507 and AW9803). *P < 0.05

collected supernatants from control- and OAS2-trans-
fected HEK293 cells were added to the HI PBMCs at
1 : 1 [supernatant: medium (RPMI)] dilution for differ-
ent time intervals. As shown in Fig. 3(b, ¢), the CD3-(
chain expression was observed in gated CD3" T cells after
24 and 72 hr of incubation, respectively. The results con-
firmed that at both time-points there was a decreased
expression of CD3-( chain when incubated with super-
natant collected from OAS2 over-expressing HEK293 cells
compared with control HEK293 cells (vector-control-
transfected) as shown in Fig. 3(d). On the other hand,
CD3-¢ expression at both time intervals 24 and 72 hr
remained unaltered on incubation with supernatant col-
lected from OAS2-transfected HEK293 cells as shown in
Fig. 3(e, f). This confirms that the effect of secreted
OAS2 was specific and altered only CD3-{ chain expres-
sion. The presence of OAS2 in supernatants was con-
firmed by the immuno-dot blot assay (data not shown).

Recombinant human OAS2 protein decreases CD3-{
chain expression in PBMCs of healthy individuals

To elucidate the role of OAS family proteins in down-
regulating the CD3-( chain expression, HI PBMCs were
stimulated with different concentrations of rh-OAS2 and
rh-OAS1 (3-96 ng/ml) for 24 hr. The PBMCs were har-
vested and expression of CD3-{ and CD3-¢ chain expres-
sion was examined by flow cytometry.

The HI PBMCs stimulated with rh-OAS2 showed
decreased expression of CD3-{ chain on a gated popula-
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tion of CD3" T cells (Fig. 4a). The treatment of PBMCs
with rh-OAS2 at 6, 12 and 24 ng/ml concentrations for
24 hr led to a significant decrease in CD3-{ chain expres-
sion as shown in Fig. 4(a, c), although a dose-response
was not evident. However, th-OAS2 treatment was not
able to induce the changes in CD3-¢ expression as studied
in Fig. 4(b), which is consistent with the earlier findings.
The data clearly indicated that as observed with the
supernatant collected from OAS2 transfected HEK293
cells, rh-OAS2 was unable to affect the CD3-¢ chain
expression on CD3" T cells, again confirming that the
effect of rh-OAS2 was specific in modulating only CD3-{
chain expression.

Upon stimulation with another member of OAS fam-
ily, i.e. rh-OAS1, PBMCs were unable to decrease the
CD3-{ chain expression on gated population of CD3" T
cells as shown in Fig. 4(d). Data in Fig. 4(f) also show
that the treatment of PBMCs with different concentra-
tions of rh-OAS1 did not alter the CD3-{ chain expres-
sion. Similar to rh-OAS2, rh-OASI was also incapable of
decreasing the CD3-¢ chain expression on T cells as
shown in Fig. 4(e). These data confirmed that OAS2 but
not OAS1 was capable of modulating the CD3-{ chain
expression.

Tumour supernatant and rh-OAS2 decreases CD3-{
chain expression in sorted T cells

To understand whether oral tumour supernatants or
rhOAS2 directly acted on T cells to down-regulate CD3-{
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Figure 3. Effect of supernatant collected from 2’5'-oligoadenylate synthetase 2 (OAS2) over-expressing HEK293 cells on T-cell signalling mole-
cules. (a) HEK293 cells were transfected with either vector control (pEGFP-N2) or vector encoding the OAS2 ¢cDNA (pEGFP-N2 + OAS2). Total
RNA was extracted from transfected cells, and mRNA expression levels were analysed by RT-PCR (upper panel) using gene-specific primers for
OAS2 and GAPDH. Lanes 1, 2 and 3 represent untransfected HEK293, vector control transfected HEK293 and pEGFP-N2 + OAS2 transfected
HEK293 cells, respectively. The pEGFP-N2 + OAS2 transfected cells were also monitored for GFP expression by flow cytometry (lower panel).
(b, ¢) Cell-free supernatant collected from pEGFP-OAS2 transfected HEK293 cells led to the decrease in expression of CD3-( chain on gated
CD3" T cells in healthy individuals’ (HI) peripheral blood mononuclear cells (PBMCs) at different time-points (24 and 72 hr) compared with
the supernatant collected from vector control transfected cells. (d) The median fluorescence intensity of CD3-{ chain staining in HI PBMCs trea-
ted with cell-free supernatant of vector control and pEGFP-OAS2 transfected HEK293 cells at 24 and 72 hr. (e, f) Unaffected fluorescence inten-
sity (median) of CD3-¢ chain after incubating HI PBMCs with cell-free supernatant collected from vector control and pEGFP-OAS2 transfected
HEK293 cells at different time intervals 24 and 72 hr, respectively. The data represented here are the mean of three experiments carried out using
supernatants collected from three independent transfections. **P < 0-005 and *P < 0-05.

chain expression, experiments were performed on sorted
T cells (CD3" T-cell purity 99-5%, Fig. 5a). Incubation of
tumour supernatant (diluted 1 : 1) with purified T cells
decreased the CD3-( chain expression in T cells. The
decrease in CD3-{ chain expression observed in purified
T cells after incubation with tumour supernatant for
24 hr was comparable to that observed in gated CD3" T
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cells in PBMCs (Fig. 5b, d). Incubation of T cells with
the various concentration of rh-OAS2 (6, 12, 24 ng/ml)
also led to the decrease in CD3-{ chain expression in
accordance with the earlier data obtained with PBMCs
incubated with rh-OAS2 (Fig. 5¢, e). These results
demonstrate that tumour supernatant and rh-OAS2
specifically acted on CD3-{ chain expressed in T cells.

© 2015 John Wiley & Sons Ltd, Immunology, 147, 251-264
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Figure 4. Effect of different concentrations of recombinant human 2'5'-oligoadenylate synthetase 2 (rh-OAS2) and rh-OAS1 on the expression of
CD3-{ and CD3-¢ chain on CD3" T cells of healthy individuals’ (HI) peripheral blood mononuclear cells (PBMCs). (a, ¢) The fluorescence inten-
sity (median) of CD3-( chain decreased after incubation of HI PBMCs with rh-OAS2. Significant reduction in the expression of CD3-{ chain
was observed on gated CD3" T cells when treated with 6, 12 and 24 ng/ml of rh-OAS2. (b) The fluorescence intensity (median) of CD3-¢ after
incubation of HI PBMCs with rh-OAS2 did not show any change. (d, f) the fluorescence intensity (median) of CD3-{ chain upon rh-OAS1 stim-
ulation of HI PBMCs remained unaltered on CD3" T cells compared with the medium control used. (e) CD3-¢ expression was not affected on
CD3" T cells after treatment with rh-OAS! at different concentrations (6, 12 and 24 ng/ml). The data represented here are the mean of four
independent experiments (*P < 0-05).

Tumour-derived supernatants and rh-OAS2 increased

lter CD3- ion by i i -3
caspase-3 levels in T cells of healthy individuals cnay aner ¢ expression by increasing - caspase

levels.

To validate the role of caspase-3 in decreasing CD3-{ chain
expression, PBMCs of HI were co-incubated with the tumour
supernatant and caspase-3 inhibitor (DEVD-CHO). As
shown in Fig. 6(b), CD3-{ chain expression was decreased
after incubation with cell-free oral tumour supernatant (lane
3), which was almost restored back to its normal levels after
addition of the caspase-3 inhibitor, DEVD-CHO (Lane 2).
These data clearly suggest that caspase-3 is involved in the
regulation of CD3-{ chain expression.

To validate further, HI PBMCs were also incubated
with th-OAS2 to analyse caspase-3 activation. As observed

Single-cell suspension of oral tumours prepared by
enzyme digestion was cultured in serum-free medium
and cell-free tumour supernatants were collected after
72 hr of culture. The tumour supernatants were added to
the HI PBMCs and incubated for 24 hr. Treatment of HI
PBMCs with H,0, served as positive control for caspase-
3 induction. As shown in Fig. 6(a) a marked increase in
caspase-3 levels was observed in HI PBMCs after H,O,
treatment (positive control). The addition of the tumour
supernatant was also effectively able to induce caspase-3
levels in HI PBMCs, indicating that tumour supernatant

© 2015 John Wiley & Sons Ltd, Immunology, 147, 251-264 259
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Figure 5. Effect of tumour supernatant and recombinant human 2'5'-oligoadenylate synthetase 2 (rh-OAS2) on the sorted CD3" T cells. (a) The
purity of CD3" T cells isolated from the peripheral blood mononuclear cells (PBMCs). The shaded histogram is the sorted fraction (99-5% pur-
ity) whereas the unfilled histogram represents only cells. (b) Representative figure showing the expression of CD3-{ chain in CD3" T cells after
incubation with cell-free supernatant (TSN) (diluted 1 : 1) obtained after culturing oral tumours or with medium (control). (c) Representative
figure showing that fluorescence intensity (median) of CD3-{ chain decreased after incubation of CD3" T cells with different concentrations of
rh-OAS2. Significant reduction in the expression of CD3-{ chain (MFI) was observed on CD3" T cells when treated with 6, 12 and 24 ng/ml of
rh-OAS2. (d, e) Expression (normalized median fluorescence intensity) of CD3-{ chain on incubation with tumour supernatants obtained from
oral tumours (d) or rh-OAS2 (e). Fluorescence intensity was adjusted to 100 for control. Accordingly intensity for the test was calculated and
represented as normalized fluorescence intensity. The graph shown is representative of three independent experiments (**P < 0-005 and

*P < 0-05).

with tumour supernatant, rh-OAS2 also induced caspase-
3 activation in the PBMCs of HI compared with the
untreated controls (Fig. 6¢). The synthetic siRNA
sequences targeting the caspase-3 were transfected into
the PBMCs (Fig. 6d) and purified CD3" T cells (Fig. 6e).
PBMCs were transfected with 100 nm of control siRNA
or caspase-3-specific siRNA duplexes or left untransfected.
Forty hours post-transfection, cells were stimulated with
rh-OAS2 (24 ng/ml) and at 60 hr cells were harvested
and lysates were prepared. Caspase-3 expression was com-
pared in unstimulated control siRNA transfected PBMCs,
PBMCs stimulated with rh-OAS2, and in PBMCs trans-
fected with caspase-3 siRNA and stimulated with
rh-OAS2 (Fig. 6d). The result showed that compared
with control siRNA transfected PBMCs (unstimulated,
lane 1) caspase-3 expression after rh-OAS2 stimulation
appeared to be marginally increased in these cells (lane
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2). Transfection with caspase-3 siRNA led to the reduc-
tion in the expression of active caspase-3 (lane 3) com-
pared with untransfected PBMCs (lane 2) (Fig. 6d).
Silencing of caspase-3 prevented rh-OAS2 induced down-
regulation of CD3-{ chain expression in PBMCs (lane 3
versus lane 2; Fig. 6d). This clearly demonstrates that
expression of CD3-{ chain was restored and remained
comparable to that observed with control siRNA. In puri-
fied CD3" T cells, rh-OAS2 stimulation had a more pro-
nounced effect on caspase-3 activation leading to CD3-{
chain down-regulation. This down-regulation of CD3-{
chain in purified T cells was rescued by knockdown of
caspase-3 and was comparable to the expression observed
in control siRNA transfected cells (Fig. 6e). The results
confirm that caspase-3 is the key downstream molecule
induced by OAS2 present in the tumour supernatant that
is responsible for CD3-{ chain down-regulation in T cells.

© 2015 John Wiley & Sons Ltd, Immunology, 147, 251-264
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Figure 6. Caspase-3 levels after treatment with tumour supernatant and recombinant human 2'5'-oligoadenylate synthetase 2 (rh-OAS2). (a) The
healthy individuals’ (HI) peripheral blood mononuclear cells (PBMCs) were treated with H,O, (positive control for caspase-3 induction) or
tumour supernatant (TSN of stage III patients) or left untreated. H,O, used as positive control to induce caspase-3 levels showed higher levels of
caspase-3 activation. The addition of TSN resulted in the increase of caspase-3 levels in the PBMCs. The data represented here are the mean of
three independent experiments (*P < 0-05). (b) Healthy individuals’ (HI) PBMCs on incubation with tumour supernatant showed a drastic
reduction in CD3-( chain expression (lane 3) compared with untreated (lane 1). On addition of caspase-3 inhibitor (DEVD-CHO), TSN was
ineffective in inducing the CD3-{ chain down-regulation (lane 2), i.e. caspase-3 inhibitor prevented TSN mediated down-regulation of CD3-{
chain levels. The data shown are PBMCs of three HIs treated with TSN in the presence or absence of caspase-3 inhibitor (c) Addition of rh-
OAS2 (6 and 12 ng/ml) on HI PBMCs resulted in the increase in caspase-3 levels. The data represented here are the mean of four independent
experiments (¥*P < 0-005 and *P < 0:-05). (d) Western blotting was performed on cell lysates prepared from PBMCs transfected with 100 nm
control small interfering RNA (siRNA) (Lane 1) or PBMCs transfected with caspase-3-specific siRNA and incubated with rh-OAS2 (lane 3) or
untransfected PBMCs stimulated with rh-OAS2 (lane 2) using antibodies for caspase-3 (detects total caspase along with cleaved caspase-3), CD3-
( chain or f-actin (fi-actin was used as loading control). Stimulation of PBMCs with rh-OAS2 induced caspase-3 activation causing CD3-( chain
down-regulation in them. This down-regulation of CD3-{ chain in PBMCs was rescued by the caspase-3 knockdown. (e) Western blotting was
performed on cell lysates prepared from purified T cells transfected with 100 nM control siRNA (lane 1) or T cells transfected with caspase-3-
specific siRNA and incubated with rh-OAS2 (lane 3) or untransfected T cells stimulated with rh-OAS2 (lane 2) using antibodies for caspase-3,
CD3-( chain or f-actin. In purified T cells, a pronounced effect was observed on caspase-3 activation leading to CD3-{ down-regulation on rh-
OAS2 stimulation, which was recovered back to normal levels on caspase-3 knockdown. (f) PBMCs were treated with rh-OAS2 to examine the
percentage of viable cells (annexin V/PI negative cells). The rh-OAS2 (6, 12 and 24 ng/ml) did not alter the viability of PBMCs in culture, indi-
cating that increased caspase-3 levels were not associated with apoptosis.

Additionally, the effect of rh-OAS2 on apoptotic/necro-
tic cell death of PBMCs was analysed to rule out the pos-
sibility that the CD3-{ chain down-regulation is not a
result of apoptosis. To verify, the effect of rh-OAS2 stim-
ulation on the frequency of apoptotic cells was compared
with unstimulated cells. Results showed no significant dif-
ferences in the frequency of early apoptotic (annexin V-
positive), late apoptotic (annexin V-positive PI-positive)
and necrotic (PI-positive) cells in untreated HI PBMCs
or rh-OAS2-treated HI PBMCs (Fig. 6f). This shows that
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caspase-3 activity was not associated with the induction
of cell death or apoptosis. It can be concluded that acti-
vation of caspase-3 and the associated CD3-( cleavage is
a consequence of OAS2 signalling and not due to
apoptosis of lymphocytes.

Discussion

Immunosuppression is a hallmark of oral cancer patients,
a state in which established tumour escapes immune
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attack. A number of phenotypic and functional alter-
ations, including down-regulation of the CD3-{ chain,
contributes to immunosuppression.”® It is well established
that down-regulation of the CD3-( chain limits the
favourable T helper type 1 response needed for control-
ling tumour growth.”* Decreased or impaired CD3-{
chain expression was also observed in other malignancies,
such as lymphoma, ovarian cancer and gastric carcino-
mas, leading to ineffectiveness of the anti-tumour
immune response against the autologous tumour.””
Several distinct mechanisms that contribute to a rapid
turnover of CD3-{ chain have been proposed that may be
responsible for differences observed in CD3-{ chain
expression in T cells of patients with cancer.”®*>° In the
present study, it was demonstrated that treatment of HI
PBMCs with cell-free supernatants derived from oral
tumours led to the down-regulation of CD3-{ chain
expression in T cells without affecting the other T-cell
signalling molecules (ZAP70, CD3-¢ and p56"*). LC-MS/
MS proteomic approach was therefore adopted and OAS2
(member of OAS gene family) was identified as one of
the factors secreted by the oral tumour cells. The tran-
scription of OAS genes is induced by both virus infection
and interferon (IFN) stimulation conferring protective
and anti-proliferative properties.”>** Among the OAS
genes, OAS2 has the highest level of induction by inter-
ferons (IFN-o and IFN-f). Several studies have reported
the presence of OAS2 in the sera of patients with viral
infections and even after IFN treatment.”> > The success
of IFN therapy was also correlated with levels of OAS
gene activity in the sera of patients undergoing IFN ther-
apy.’®” This correlation is interesting and suggests a bio-
logical relevance of extracellular OAS.

A variable number of factors, including tumour-
secreted 14 000 MW protein, semaphorin A, NKG2D, are
reported to be responsible for CD3-{ chain down-regula-
tion in different malignancies.”>*** The present study
reported how extrinsic soluble mediator OAS2 secreted
by oral tumour cells modulate CD3-{ chain expression in
T cells.”® The 2'5'-OAS, apart from its antiviral action is
involved in other cellular processes such as cell growth
and differentiation, gene regulation and apoptosis.” It
has been demonstrated that the IFN-f-mediated sig-
nalling pathways as well as its upstream regulators are
up-regulated in oral squamous cell carcinoma lesions.* It
therefore appears that IFN-f signalling may act as a key
factor responsible for OAS2 expression in oral tumours.
Interferon-f§ signalling is also known for its immune reg-
ulatory properties, suggesting its importance in tumour
progression either directly or through modulation of the
immune system through its downstream mediators like
OAS2.

The observation of OAS in the sera of patients with
infection or undergoing IFN treatment®” prompted us to
look at the role of OAS in modulating the immune sys-
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tem. The differential expression of OAS2 has been
reported in prostate and breast cancers.*"** Our study
also confirmed the presence of OAS2 in oral tumours at
both mRNA and protein levels. The significance of OAS2
in the tumour microenvironment can be appreciated by
the observation that certain tumours exist in an antiviral
state and hence are resistant to oncolytic-virus-based
virotherapy used to obliterate tumour cells. These
tumours are reported to have higher expression of the
Janus kinase/signal transducer and activator of transcrip-
tion pathway and IFN-stimulated genes (ISG).*’ It was
also reported that over-expression of myxovirus resistance
gene A (MxA) and OAS mRNAs were involved in the
suppression of hepatitis B virus replication mediated by
IL-17A in a non-cytopathic manner.** Hence, these
tumours with a functional IFN-responsive pathway and
expression of a downstream gene (OAS2) may be sensi-
tive to IEN stimulation, thereby conferring the virus-resis-
tant phenotype that shields tumours from virotherapy.
The source of IFN in the tumour microenvironment is
likely to be either the epithelial cells or the tumour-infil-
trating immune cells, such as type 2 dendritic cells and
macrophages.*”* The IFN secreted by these cells will
activate the ISG genes and will execute their pro-tumour
function either intracellularly or in secreted form by
modulating the immune system. However, the source of
OAS2 in oral tumours needs to be further investigated.

In our study, a surrogate model where OAS2 was over-
expressed showed that secreted OAS2 could modulate the
expression of CD3-{ chain in T cells. This was further
validated by stimulating HI PBMCs with rh-OAS2 which
led to the specific down-regulation of CD3-{ chain
expression in T cells. Up-regulation of type I IEN
response genes has also been reported in peripheral blood
cells of patients with autoimmune diseases, like systemic
lupus erythematosus, multiple sclerosis and rheumatoid
arthritis and these diseases are associated with decreased
CD3-{ chain expression.***® Type 1 IFNs have been
shown to have anti-proliferative activity on activated
CD4" and CD8" T cells.*” Protein and mRNA levels of
OAS genes are low in circulating mononuclear cells dur-
ing clinically active, untreated multiple sclerosis. The
IFN-f therapy treatment of multiple sclerosis and experi-
mental autoimmune encephalomyelitis to decrease the
levels of T helper type 17 cells is associated with increased
expression of OAS2 protein.”” Hence, OAS2 might be act-
ing in a paracrine manner in the tumour microenviron-
ment to decrease the expression of CD3-{ chain in T
lymphocytes.

The present data showed that on incubation of PBMCs
with tumour supernatant or rh-OAS2 leads to increase in
caspase-3 levels. Increased caspase-3 levels are observed in
T cells under suboptimal T-cell stimulation leading to the
induction of T-cell unresponsiveness without inducing
cell death.”® Caspase-3 activity is high in CD3{"~ T
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cells from a patient with systemic lupus erythematosus
and treatment of these T cells with caspase inhibitors
restores CD3-{ chain expression.”’ 2/5-OASs lead to
cytochrome c release into the cytoplasm and then to cas-
pase-3 activation.”® Interferon-o also increases caspase-3
mRNA levels in activated T cells without modulating acti-
vation-induced cell death.” In our study, induction of
caspase-3 in non-apoptotic cells was observed on stimula-
tion with rh-OAS2. This observation supports that cas-
pase-3-dependent proteolytic inactivation of CD3-{ chain
is essential to maintain T-cell tolerance in cancer
patients.”® The amino acid sequence of translated CD3-(
chain contains putative caspase-3 cleavage sites DVLD
and DTYD (five in number).'® Hence, the selective loss
of CD3-{ chain and not of CD3-¢ could be because of
the caspase-3 activation, as observed upon stimulation
with rh-OAS2 or tumour supernatant. However, the
downstream consequence of CD3-{ down-regulation on
the rh-OAS2 challenge was not found to be dose-depen-
dent but might depend on induction of caspase-3. To
alter the expression of CD3-{ chain on HI PBMCs in a
dose-dependent manner, caspases are expected to vary in
logarithmic values. In our study, such change in caspase-
3 value was not observed upon rh-OAS2 stimulation. It
has been shown that OAS that is exogenously added to
cell cultures can be internalized to exert its effect. This
exogenous OAS can exert its effect either by binding to
the nucleotide-binding and oligomerization domain-2 to
activate RNaseL or independent of this to induce caspase
cascade.’®>* Hence, the internalization of OAS2 inside the
cells might be the limiting factor in inducing the caspase-
3 levels in a dose-dependent manner.

Type I IFNs (IFN-o. and IEN-f) could exert broad dual
effects on the immune system, reflecting both immune
stimulatory and immune-suppressive activities. Immune-
stimulatory activities relate to the activation of myeloid
dendritic cells, chemokines, chemokine receptors, co-sti-
mulatory molecules (CD40, CD80 and CD86), and
humoral responses. Immune-suppressive effects are
reflected by Th2 cell skewing and anti-proliferative and
pro-apoptotic effects. The role of IFNs in disease may
range from beneficial to detrimental. However, it may be
postulated that OAS2 plays a major immunoregulatory
role based on its expression in oral tumours and autoim-
mune diseases where CD3-{ chain expression is down-
regulated.””’

Type I IFNs are promising but incompletely under-
stood anticancer agents. Clinical trials have demonstrated
benefit in both haematological and solid tumours,
although the effectiveness is somewhat modest in some
cancers.”®”” Therapy with IFN-o has been suggested to be
effective in a subgroup of patients with oral cancer.’®>’
Further, it has also been demonstrated that the up-regula-
tion of ISGs (Mx1, OAS3, IFI44, IF144L, OAS2, USP18
and RSAD2) in the chronic hepatitis C virus-infected
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liver is related to a poor treatment response to pegylated
IFN-o therapy.®® Interferon-o may be important in the
prevention of carcinogenesis and high expression of
OAS2 might be impairing cellular response to IFN-o and
promotes oral tumour progression by modulating anti-
tumour immune response. However, the role of others
ISGs in modulating the IFN-o response cannot be ruled
out. Identification of molecular biomarkers like OAS2,
which can also identify oral cancer patients sensitive to
Type I IFN therapy would be very helpful in the clinic.
Hence, the data presented here indicate, for the first
time, a potentially important function of tumour-derived
OAS2 as a paracrine negative regulator of T-cell func-
tions. Our data highlight OAS2 as a novel molecular tar-
get for the manipulation of T-cell-dependent immunity
with important implications for cancer immunotherapy.
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