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ABSTRACT
IL-18 is an inflammasome-related cytokine, member of the IL-1 family, produced by a wide range of cells in
response to signals by several pathogen- or damage-associated molecular patterns. It can be highly
represented in tumor patients, but its relevance in human cancer development is not clear. In this study,
we provide evidence that IL-18 is principally expressed in tumor cells and, in concert with other
conventional Th1 cell-driven cytokines, has a pivotal role in establishing a pro-inflammatory milieu in the
tumor microenvironment of human non-small cell lung cancer (NSCLC). Interestingly, the analysis of
tumor-infiltrating CD8C T cell populations showed that (i) the relative IL-18 receptor (IL-18R) is significantly
more expressed by the minority of cells with a functional phenotype (T-betCEomesC), than by the majority
of those with the dysfunctional phenotype T-bet¡EomesC generally resident within tumors; (ii) as a
consequence, the former are significantly more responsive than the latter to IL-18 stimulus in terms of
IFNg production ex vivo; (iii) PD-1 expression does not discriminate these two populations. These data
indicate that IL-18R may represent a biomarker of the minority of functional tumor-infiltrating CD8C T cells
in adenocarcinoma NSCLC patients. In addition, our results lead to envisage the possible therapeutic
usage of IL-18 in NSCLC, even in combination with other checkpoint inhibitor approaches.

KEYWORDS
CD218a/b; CD8C T cells;
Eomes; IL-18; non-small cell
lung cancer; T-bet

Introduction

Lung cancer is the major cause of cancer-related death
worldwide, and non-small cell lung cancer (NSCLC)
accounts for 85% of lung cancer cases.1 NSCLC is a hetero-
geneous tumor known to have diverse pathological features.2

Most of the NSCLC patients fatally undergo metastatic dis-
ease or tumor recurrence, despite the availability of various
chemotherapy or target therapy regimes developed in these
last decades.3 Therefore, novel treatment approaches
urgently need to be investigated.

Antitumor immune responses exert clinically relevant pres-
sure against tumor progression, but in the long run, they gen-
erally become unable to eradicate tumors due to various
causes, such as local immunosuppressive effects, accumulation
of a variety of suppressor cells, dysfunction/exhaustion of
tumor-specific T cells.4 A very promising immunotherapy
approach for the treatment of tumors including adenocarci-
noma (ADC) NSCLC is the use of monoclonal antibodies
(mAbs) specific to various inhibitory signaling pathways
(immune checkpoints) that block CD8C T cell activation (e.g.,
programmed death [PD]-1 or cytotoxic T-lymphocyte antigen-
4) that are strongly upregulated by tumor-infiltrating

lymphocytes.5 These mAbs (defined as checkpoint inhibitors)
work by unleashing antitumor T cell responses, leading to a
significant shrinkage of several metastatic tumors. However,
checkpoint inhibitors currently used to target CD8C T cells
(e.g., IpilumumAb and NivolumAb) have not been shown to
be efficient for all tumor types and may cause a partial remis-
sion in the majority of tumors. Innovative immunotherapy
strategies are in progress particularly based on the combination
of different approaches including new and current checkpoint
inhibitors, even associated with personalized tumor vaccines
against patient-specific neo-antigens that are generated as a
consequence of the amazing diversity of tumor genome muta-
tions.6 In this context, novel therapeutic approaches targeting
agents secreted by the tumor microenvironment may enlarge
the combinatorial immunotherapy strategies required for
enhancing antitumor immune responses. Among the huge rep-
ertoire of molecules contained within the tumor secretome, the
cocktail of cytokines produced has a key role in tumor devel-
opment, providing opposite effects (carcinogenesis versus pro-
tection) according to the balance between suppressive and
stimulatory cytokines, the cross-talk of cytokines with immune,
stromal or tumor cells or the synergistic effects by the
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combination of various cytokines.7,8 Recent years have seen
several cytokines, such as granulocyte-macrophage (GM)-CSF,
IL-7, IL-12, IL-15, IL-18 and IL-21, or, alternatively, of anti-
bodies (Abs) neutralizing suppressive cytokines (such as IL-10
and TGF-b) become possible targets for the treatment of
patients with metastatic cancer.9

Because cytokines potentially affecting immune response
can be produced by various cellular players (tumor cells,
immune cells, stromal cells, etc.) within the tumor microenvi-
ronment, here we detected a broad array of cytokines in the
total supernatant from surgically excised fresh tumor tissues
cultured for few hours (irrespective of the cellular source form
which they derived), explored the interplay between the more
abundantly secreted cytokines and the function of tumor-
infiltrating T cells, and then visualized which cells in the tumor
microenvironment were the key producers by immunohisto-
chemical (IHC) analysis. By this multisystemic approach, we
provided evidence that IL-18 is a predominant cytokine selec-
tively produced by ADC NSCLC-derived tumor cells contribut-
ing to drive type 1 (IFNg producing) responses of CD8C T cells
expressing high levels of IL-18 receptor (IL-18R) that are coun-
terbalanced by dysfunctional T cells expressing low levels of IL-
18R in ADC NSCLC. Our data pave the way for exploiting
both IL-18R as a biomarker of functional type-1 CD8C T cells
infiltrating ADC NSCLC and IL-18 as a boosting cytokine for
immune checkpoint antagonists in restoring T cell responses.

Materials and methods

Human samples and processing

Human studies were performed in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and approved by
the Institutional Ethical Committee (No. 2926). Informed con-
sent was obtained from all patients.

We enrolled ADC (N D 43) and squamous (N D 8) NSCLC
patients; however, only the size of ADC cohort achieved the
statistical power and was included in the present work.

Peripheral blood (PB), non-tumor tissue (NTUM) obtained
from lung tissue at least 10 cm from tumor site, and tumor
(TUM) specimens were obtained from ADC NSCLC patients,
not previously treated with adjuvant chemotherapy. Patient
characteristics are listed in Table S1.

Peripheral blood mononuclear cells were isolated from the
PB of patients by density gradient centrifugation with Lympho-
lyte (Cedarlane) and collected in complete RPMI 1640 medium
containing 10% FBS (HyClone GE Healthcare Life Sciences),
2 mM L-glutamine (Sigma-Aldrich), penicillin/streptomycin
(EuroClone), nonessential amino acids (EuroClone) and
sodium pyruvate (EuroClone) and 50 mM 2-mercaptoethanol
(Sigma-Aldrich). Mononuclear cells (MN) were extracted from
non-tumoral parenchyma (NTUM) or tumor (TUM) tissues.
The fragments were minced and transferred in GentleMACS C
tubes (Miltenyi Biotec) containing calcium- and magnesium-
supplemented HBSS with 0.5 mg/mL Collagenase IV (Sigma),
50 ng/mL DNAse I (Worthington), 2% FBS and 10% BSA.

Tissue dissociation was made on a GentleMACS Octo Dis-
sociator with Heaters (Miltenyi Biotec), applying a modified
version of the program “h_tumor 01_03” at 37 �C and lasting

totally 30’. Single cell suspensions were obtained by disrupting
the remaining small fragments through a cell strainer with a
syringe plunger, washing with cold HBSS. Then cells were pel-
leted and finally centrifuged over a Lympholyte density
gradient.

Flow-cytometry analysis

The list of antibodies is available on Table S2.
Flow cytometry (FC) analysis was performed on ADC

NSCLC patients in PB, NTUM and TUM specimens.
Dead cells in all samples were excluded using Fixable Viabil-

ity Dye eFluor�780 (eBioscience). Surface staining was per-
formed by incubating the cells with selected Abs at 4 �C for
20 min in PBS 2% FBS.

Intracellular staining of cytokines and transcription factors
was performed by FOXP3/Transcription factor staining buffer
set (eBioscience). Surface CD218b staining was performed at
room temperature for 30 min.

To perform IFNg intracellular staining cells were stimulated
for 4 h at 37 �C with Cell Stimulation Cocktail plus protein
transport inhibitors (eBioscience).

Samples were acquired on the BD LSRFortessa cell analyzer
(BD Biosciences) and analyzed with FlowJo software, version
10.0.8r1 (Treestar).

Cytokine analysis

Cytokine dosage was performed by ProcartaPlex Human and
Cytokine & Chemokine Panel 1A (EXP340-12167-901, eBio-
science) using Bioplex 200 (Biorad). The amount of cyto-
kines was detected in Plasma (N D 7) of HD, Plasma (N D
15) of NSCLC patients and in tissue-conditioned medium
generated by incubating, at 37 �C for 6 h, NTUM (N D 5)
and TUM (N D 10) fragments in 1 mL of complete medium
per mg of tissue.

IHC analysis

Immunohistochemistry was performed on formalin fixed par-
affin-embedded tissue samples (N D 3) using an anti-IL18
mAb (ab191152-Abcam) and the streptavidin–biotin–peroxi-
dase complex method. IL-18 expression was assessed on forma-
lin fixed paraffin-embedded sections of three NSCLC
specimens. IL-18 immunoreactions were revealed by Bond
Polymer Refine Detection (Leica Biosystem, Milan, Italy) on an
automated autostainer (BondTM Max, Leica). The evaluation
of IL-18 in cancer tissues was performed independently by two
investigators blinded to patient data.

Ex vivo assays

MN enriched from PB, NTUM and TUM were seeded ON
at 37 �C in U-bottomed 96 well plate with Dynabeads
Human T-Activator CD3/CD28 (Invitrogen) at a ratio 1:4
with or without human recombinant IL-18 (10 ng, MBL),
plus IL-2 (100U/mL, Roche). For IFNg production MN
were stimulated and labeled, as described above. FC analysis
was performed in gated CD8C T cells. Ex vivo analysis was
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performed in five independent experiments, on five different
patients giving similar results.

Statistical analysis

Statistical analysis was performed using Prism software (ver-
sion 6.0c, GraphPad).

To analyze in vitro data were used two-way-ANOVA test
(Tukey’s multiple comparison test), Mann–Whitney test, 2-
tailed, Wilcoxon matched-pairs test, 2-tailed or paired matched

t-test, 2-tailed were applied to compare groups of ex vivo analy-
sis. Mann–Whitney test, 2-tailed was applied to analyze cyto-
kine amounts. Pearson test was considered for correlation of
amount of cytokines. p < 0.05 was considered statistically sig-
nificant, in all tests.

Results and discussion

First, we detected by FC the percentage of naive (N;
CCR7CCD45RAC), central memory (CM; CCR7CCD45RA¡),

Figure 1. Dysfunctional CD8C T cells were accumulated in TUM district of NSCLC patients. (A) Representative CCR7/CD45RA staining of FC (upper graph) and percentage
of CM, N, EM and EMRA (bottom graphs) in gated CD8C T cells in PB, NTUM and TUM specimens of NSCLC patients (N D 25); �p <0.05, ��p < 0.01, ���p < 0.005Wilcoxon
matched pairs test, 2-tailed. (B) Representative T-bet/Eomes staining by FC (upper graph) and percentage of T-betCEomes¡, T-betCEomesC, T-bet¡EomesC (bottom
graphs) in gated CD8C T cells in PB, NTUM and TUM (N D 16); �p < 0.05, ��p < 0.01 Wilcoxon matched pairs test, 2-tailed. (C) Percentage of PD-1C in gated CD8C T cells
in PB, NTUM and TUM (N D 22); (The representative FC is shown in Fig. S1C); ��p < 0.01 Wilcoxon matched pairs test, 2-tailed. (D) Graph of PD-1 MFI in gated
T-betCEomes¡, T-betCEomesC and T-bet¡EomesC CD8C T cell subpopulations in PB, NTUM and TUM (N D 16); �p < 0.05 paired matched t-test 2-tailed in PB, NTUM and
TUM within T-betCEomesC and T-betCEomes¡ subsets and Wilcoxon matched pairs test, 2-tailed between T-betCEomes¡, T-betCEomesC and T-bet¡EomesC subsets.
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effector memory (EM; CCR7¡CD45RA¡), terminal effector
memory RAC (EMRA; CCR7¡CD45RAC) cells within CD8C T
cells, in PB, NTUM and TUM districts of NSCLC patients. As
expected, the CD8C N cell subset was minimally represented in
the tissue districts, whereas the EM cell subset was preferen-
tially accumulated in those districts and significantly in TUM
district (Fig. 1A).10 On the contrary, a significant reduction of
CD8C TEMRA cells was shown in TUM district (Fig. 1A), sup-
porting that the tumor microenvironment may disturb the full
differentiation of CD8C T cells with terminal effector functions.
Deepened FC analyses reinforced this hypothesis, by analyzing
the expression of nuclear transcription factors T-box (T-bet)
and Eomesodermin (Eomes), allowing to discriminate CD8C T
cells into functional T-betCEomesC and dysfunctional T-
bet¡EomesC cells, respectively, on the basis of previous experi-
mental data showing that T-bet expression in memory CD8C T
cells is associated with the control of chronic infections or
tumors through the downregulation of the inhibitory PD-1
receptor, and that Eomes expression characterizes dysfunc-
tional memory CD8C T cells when it is not co-expressed with
T-bet.11 Our data showed that the TUM district contained a
significantly lower percentage of cells expressing a functional
T-betCEomesC phenotype than the other districts, and as a
consequence, a more abundant percentage of the dysfunctional
T-bet¡EomesC counterpart (Fig. 1B). This finding was con-
firmed at the level of the EM and EMRA cell populations
(Fig. S1A and B). In addition, CD8C T cells from TUM tissues
contained a significantly higher percentage of cells expressing

the exhaustion marker PD-1 than those from the other districts
(Fig. 1C; Fig. S1C). The accumulation of PD-1C cells was signif-
icantly more evident also at the level of both the EM and
EMRA subpopulations (Fig. S1D), as well as within T-
betCEomesC and T-bet¡EomesC subsets from TUM, compared
with peripheral counterparts (Fig. 1D). Notably, PD-1 was sig-
nificantly more expressed or tended to be more expressed by T-
bet¡EomesC than T-betCEomesC subset from NTUM and
TUM, respectively (Fig. 1D). This finding is consistent with evi-
dence showing that T-bet¡EomesCPD-1C CD8C T cells repre-
sent frankly exhausted cells, whereas the T-betCEomesCPD-1C

subset can be rescued by blockade of the PD-1 pathway.11

These data suggest that two divergent T cell populations with
functional and dysfunctional/exhaustion phenotype can simul-
taneously be harbored in the TUM district of NSCLC patients
and that the latter are significantly more represented than the
former.

To explore which type of signals might contribute to
condition the divergent functions of tumor-infiltrating
CD8C T cell populations, we detected a wide array of cyto-
kines and chemokines in tissue-conditioned media derived
from TUM and NTUM tissues. We could observe a set of
different pro-inflammatory cytokines and chemokines that
were particularly enriched in these tissues, such as IL-18,
MCP-1, IL-6, SDF1-a IL-8, IL1Ra, IP-10 (Fig. 2A). Remark-
ably, IL-18 was the prominent cytokine that was especially
enriched in TUM compared with NTUM, and was followed
by a concomitant enrichment of IFNg (Fig. 2B). IL-18, a

Figure 2. IL-18 was particularly represented in TUM of NSCLC patients. (A) Cytokines/chemokines amount (evaluated as pg/mL of mean values) is detected in Plasma of
HD (N D 7), Plasma of NSCLC patients (N D 15) and in tissue conditioned media derived from NTUM (N D 5) and TUM (N D 10) of NSCLC patients. (B) Representative
graph showing the amount of IL-18 and IFNg evaluated as pg/mL; �p < 0.05, ��p < 0.01, ���p <0.005, ����p < 0.0001 Mann–Withney test, 2-tailed. (C) Person correlation
between IL-18 versus IFNg and IL-12 amount in term of pg/mL. (D) IHC analysis (100£ magnification) of IL-18 in NSCLC representative (IL-18low/high) patients (N D 2). The
arrows indicated IL-18C tumor cells.
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Figure 3. CD8C T cells expressed high levels of CD218a and CD218b receptor in TUM. (A) Representative CD218a and b staining by FC (upper graphs) and percentage of
CD218aC CD218bC and CD218a/bC (bottom graphs) gated in CD8C T cells in HD (N D 6), PB, NTUM and TUM (N D 14); �p < 0.05, ��p < 0.01, ����p < 0.0001 paired
matched t-test 2-tailed between different districts (PB, NTUM and TUM) of the same patient and �p < 0.05 Student t-test, unpaired between HD and patients (CD218aC

graph); �p < 0.05 Paired matched t-test 2-tailed between different districts (PB, NTUM and TUM) of the same patient and �p < 0.05, ��p < 0.01 student t-test, unpaired
between HD and patients (CD218bC graph). (B) Percentage of CD218aC, CD218bC and CD218a/bC in gated T-betCEomes¡, T-betCEomesC, T-betCEomesC in pooled
cohorts (PB, NTUM and TUM) (N D 14); ��p < 0.01 Paired matched t-test 2-tailed (CD218aC graph); ��p < 0.01 Paired matched t-test 2-tailed (CD218bC graph); �p < 0.05
paired matched t-test 2-tailed (CD218a/bC graph). (C) Representative IFNg/CD45RA staining by FC, in both CD218aC and CD218a¡ (left graph) and percentage of IFNgC

cells in gated CD218aC and CD218a¡ CD8C T cells (right graph) in PB, NTUM and TUM specimens (N D 12); �p < 0.05 paired matched t-test 2-tailed.
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member of the IL-1 family, is a key pro-inflammatory cyto-
kine of the inflammasome platform produced by macro-
phages and a wide range of innate immune or non-
lymphoid cells.12 It is strongly involved in the polarization
of functional T cell pathways, according to the different
milieu in which it operates. Indeed, when associated with
IL-12, it contributes to induce Th1-like cell responses13 that
potentially play a pivotal role in tumor immune-surveil-
lance. Though, in the absence of IL-12, it plays a role in
Th2 cell-mediated diseases,14 as well as it can induce Th17
cell responses in combination with IL-23.15 In the context
of tumor microenvironments, IL-18 has been proposed to
have opposing effects: it may promote tumor progression,
particularly in the absence of Th1-like cytokines, 8,16,17 or it
may promote adaptive immunity with antitumor effect
when associated with other cytokines.13,18 In line with these
observations, we could observe a positive correlation
between the amount of IL-18 and conventional Th1-associ-
ated cytokines (i.e., IFNg, TNF-a and IL-12), especially in
TUM district (Fig. 2C), supporting the idea that IL-18 can
act as a driver of antitumor Th1-like responses in the
NSCLC milieu. Interestingly, the preponderant source of
IL-18 was represented by tumor cells, as detected by IHC
analysis in tumor sections (Fig. 2D). Importantly, the high
expression of IL-18 observed by IHC corresponded to IL-18
amounts detected in conditioned media by the ProcartaPlex
assay-based evaluation. This result is reminiscent of

previous reports, showing that IL-18 expression in prostate
cancers was associated with a favorable outcome, suggesting
a role of IL-18 in the control of tumor spreading, in line
with antitumor properties of IL-18 observed in colon
cancer. 19,20

However, to elucidate the possible role of IL-18 on CD8C

T cells, in NCSLC, we questioned whether different levels of
surface IL-18R expression would contribute to a different
bioactivity of IL-18.13,21 IL-18 binds the IL-18Ra (CD218a)
chain requiring the expression of the co-receptor IL-18Rb
(CD218b) to form a high affinity heterodimer complex pro-
viding productive signals into cells, ultimately causing
NF-kB activation and gene transcription of pro-inflamma-
tory cytokines.13,21 Il18r1 is a direct target gene of STAT-4
suggesting that both IL-12-dependent STAT-4 and IL-18-
dependent NF-kB signaling may induce synergistic tran-
scription of IFNg.22,23

We demonstrated the presence of a peculiar CD8C T cell
subset expressing IL18R in both TUM and NTUM (Fig. 3A). In
addition, only a minority of cells within the entire CD8C T cell
population co-expressed both the CD218a and CD218b chains
(Fig. 3A, right panel), whereas the majority of them expressed
either CD218a or CD218b, of which only the former was sig-
nificantly more expressed in TUM-derived than in NTUM-
derived CD8C T cells (Fig. 3A, left/middle panels). However,
single CD218aC, single CD218bC cells or those co-expressing
both the chains, were significantly more represented within

Figure 4. IL-18 increased IFNg production, especially in CD218aC and T-betCEomesC CD8C T cells. MCs enriched from PB, NTUM and TUM, were seeded overnight with-
out (NS D not stimulated) or with IL-18 (10 ng/mL), plus Beads (anti-CD3 and anti-CD28) and IL-2 (100U/mL). (A) The graphs show MFI of IFNg in gated CD8C T cells and
in gated CD218aC and CD218a¡ CD8C T cells; �p < 0.05, ��p < 0.01, ���p < 0.005, ����p < 0.0001 two-way-Anova (Tukey’s multiple comparison test). (B) The graphs
show MFI of IFNg respectively in gated T-betCEomes¡, TbetCEomesC and T-bet¡EomesC; �p < 0.05, ��p < 0.01, ���p < 0.005, ����p < 0.0001 two-way-Anova (Tukey’s
multiple comparison test). The graphs show a representative patient (N D 3) out of five showing similar results (Fig. S2). Test significance is shown for difference between
stimulated (IL-18) and un-stimulated (NS) samples (black symbols) and between PB, NTUM and TUM districts (gray symbols).
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T-betCEomesC than T-bet¡EomesC CD8C T cells (Fig. 3B, left/
middle/right panels). Taken together, these data support that
the full IL-18R expression required for delivering the signals
ultimately causing IFNg production is associated with the
minority of CD8C T cells with a functional phenotype
(T-betCEomesC).

Accordingly, CD218aC cells produced significantly higher
levels of IFNg than CD218a¡ ones ex vivo (Fig. 3C). These
results confirmed that TUM tissue can simultaneously contain
functional and dysfunctional CD8C T cell populations, whose
ratio is frankly unbalanced toward the latter, and that the level
of CD218a expression can help to discriminate them. These
data are consistent with a previous report showing that
exhausted CD8C T cells are associated with the downregulation
of CD218a expression in a chronic infected environment.24

Importantly, the evidence that IL-18 alone further improved
IFNg-production by CD218aC cells (T-betCEomesC) within
different T cell populations isolated from the various NSCLC
districts ex vivo (Fig. 4A and B), supports that it may provide a
favorable effect in NSCLC through the expansion of type-1
CD8C T cell responses with potential antitumor competence
within the minor CD8C T cell population with functional phe-
notype present in NSCLC tissues. Contextually, our prelimi-
nary evidences showed that IFNg production by TUM-derived
CD8C T cells tended to increase upon the simultaneous contact
with IL-18 and IL-12, irrespective of the presence of TCR stim-
uli, supporting that IL-18 can synergize with other cytokines to
elicit favorable responses by tumor-infiltrating CD8C T cells
irrespective of their ability to receive TCR-dependent signals
(data not shown).

In conclusion, the high concentration of IL-18 in NSCLC
TUM district, mostly produced by tumor cells could contribute
(in association with classical Th1-associated cytokines – i.e.,
IFNg, TNF-a and IL-12 – shown in this tumor milieu) to the
expansion of IL18RC CD8C T cells expressing T-bet and IFNg
within the tumor microenvironment. Strikingly, these data sug-
gest that tumors are not completely immunosuppressive, but
they can simultaneously deliver signals either favoring or inhib-
iting the immune responses. The selection of this balance,
would contribute to establish a state of chronic low-level
inflammation allowing both a long-lasting survival of the host
and a slow tumor progression that ultimately becomes invari-
ably and rapidly fatal, in relation with the progressive failure of
the mechanisms maintaining tumor dormancy.4 Importantly,
our data provide intriguing insights into the possible therapeu-
tic usage of IL-18 addressed to foster CD8C T cell responses in
the tumor milieu, even in combination with immune check-
point inhibitors to counterbalance dysfunctional/exhausted
CD8C T cells. The evidence provided by clinical trials in
advanced cancer showing a limited effectiveness of IL-18
monotherapy favors its possible usage in combination with
other immunostimulatory approaches.25,26 Clinical long-term
follow-up studies are in progress to determine if IL-18RC or IL-
18R¡ T cells are associated with favorable or unfavorable out-
come, respectively, in NSCLC.
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