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ABSTRACT

Improving cancer immunotherapy efficacy hinges on identifying key T-cell populations critical for tumor
control and response to Immune Checkpoint Blockade (ICB). We have recently reported that while the co-
expression of PD-1 and CD28 is associated with impaired functionality in peripheral blood, it significantly
enhances T-cell fitness in the tumor site of non-small cell lung cancer (NSCLC) patients. To uncover the
underlying mechanisms, we explored the role of CD26, a key player in T-cell activation through its
interaction with adenosine deaminase (ADA), a crucial intra/extracellular enzyme able to neutralize local
adenosine (ADO). We found that an autocrine ADA/CD26 axis enhances CD8"PD-1"CD28" T-cell function,
particularly within an immunosuppressive environment marked by CD39 expression. Then, we interro-
gated the TCGA and OAK datasets to gain insight into the prognostic/predictive potential of our findings.
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We identified a signature predicting overall survival (OS) in LUAD patients and response to atezolizumab
in advanced LUAD cases. These findings suggest promising avenues for therapeutic intervention targeting

the ADA/CD26 axis.

Introduction

Uncovering a T-cell population phenotype capable of effec-
tively controlling tumor growth and positively associated with
response to Immune Checkpoint blockade (ICB) is crucial for
refining patient stratification and improving cancer immu-
notherapy outcomes.

Our recent findings indicate that while the co-expression of
PD-1 and CD28 is associated with impaired functionality of
CD8" T cells in peripheral blood, it significantly enhances the
fitness of these cells in the tumor site of non-small cell lung
cancer (NSCLC) patients. This positively impacts both patient
survival and response to ICB therapy."

To investigate the potential mechanisms behind this
functional =~ enhancement, @ we  examined CD26,
a multifunctional 110 kDa membrane dipeptidyl peptidase
4 (DPP4) involved in immune-mediated tumor control,
recently proposed as a biomarker for response to PD-1
blockade in melanoma patients.” CD26 can promote T-cell
proliferation through its interaction with adenosine deami-
nase (ADA),*® a multifaceted molecule that can be released
in the extra-cellular milieu by stimulated T cells,” contri-
buting to either an autocrine or paracrine stimulation via
interaction with CD26 on neighboring T cells.””” One of

the ADA’s primary roles is the irreversible enzymatic dea-
mination of adenosine (ADO) into inosine,* a critical pro-
cess supporting CD8" T-cell functionality within the tumor
microenvironment (TME).> Conversely, ADO, the final
product of adenosine diphosphate/triphosphate (ADP/
ATP) degradation mediated by the combined activity of
ectonucleotidases CD39 and CD73, impairs CD8" T cell
functionality through its interaction with the A2A receptor
(A2AR).>10

A high ADO concentration has also been reported in the
presence of T cells expressing only CD39,"" suggesting
a potential involvement of exogenous CD73 in catalyzing the
conversion of AMP to ADO."

Remarkably, the presence of CD39 and CD73 in the absence
of CD26 and ADA has been reported as a feature of immunor-
egulatory/suppressive T cells in cancer patients.'> Conversely,
a high expression of CD26 is a feature of CD4" T-cell stemness,
stable memory capacity, and enhanced intra-tumor migration
and persistence, contributing to the regression of solid cancers
following adoptive immunotherapy.'*

In CD8" T cells, while the expression of CD26 is associated
with robust effector function,'” the impact of the ADA/CD26
axis on the T-cell function is still undefined.
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Herein, we explored the potential involvement of the ADA/
CD26 axis in the enhanced functionality of CD8"PD-1"CD28-
cells from the NSCLC tumor site in a context enriched with
immunosuppressive CD39 and CD73 molecules."®

Our results unveil the effects of the ADA/CD26 axis in
maintaining the functional fitness of CD8'PD-1"CD28"
T cells as they transition to the immunosuppressive NSCLC
tumor site.'® Based on these results, we focused on lung ade-
nocarcinoma (LUAD) and identified a signature associated
with enhanced OS in LUAD TCGA patients and improved
OS and responsiveness in ICB-treated advanced patients.

These findings offer preliminary insights into the potential
therapeutic interventions targeting the ADA/CD26 axis in
combination with ICB in LUAD patients.

Materials and methods
Peripheral blood collection and tissue specimens

Briefly, 20 ml of peripheral blood was collected from n=6
treatment-naive NSCLC patients in EDTA vacutainer tubes
(BD Bioscience 367,864) after written informed consent.
Peripheral blood mononuclear cells (PBMC) were isolated
using Ficoll-paque (Euroclone, DVCL5020) and cryopreserved
in 10% DMSO (Sigma-Aldrich, D2650). Tissue specimens
from adjacent non-tumor (NT) and tumor sites (T) were
obtained after written informed consent from n =18 NSCLC
treatment-naive patients who underwent curative resection at
the Regina Elena National Cancer Institute between 2016 and
2022 and processed within 20 min by mechanical dissociation,
then incubated at 37°C and 5% CO, for 24-48 h. Lymphocyte-
enriched supernatant was collected, filtered through a 70 uM
nylon cell strainer (Miltenyi Biotec, 130-095-823) and cryopre-
served in 10% DMSO. For a fraction of NSCLC patients (n = 8),
samples matched for at least two districts among P, NT, and
T were obtained. The main features of the 18 NSCLC patients
evaluated in the study are listed in Table SI.

In vitro T-cell activation and flow cytometry studies

Surface staining of PBMC and tissue-infiltrating cells was per-
formed at 4°C for 30 min using various combinations of
monoclonal antibodies (mAbs): APC-H7 anti-CD8 (BD
560,179), PerCP-Cy™5.5 anti-PD-1 (BD 561,273), BV650 anti-
CD39 (BD 563,681), APC-R700 anti-CD28 (BD 565,181),
BV510 anti-CD26, PE anti-CD73 (BD 550,257), PE anti-
A2AR (R&D, FAB94971P), APC anti-tumor necrosis factor
(TNF)-a (BD 554,514), PE-Cy"7 anti-interferon (IFN)-y (BD
5,576,643), and BV421 anti-granzyme (GrzB) (BD 563,389).
The Anti-ADA Ab (LSBio, LS-C156031) was conjugated to the
Alexa Fluor 488 secondary Ab by using the Lightning-Link
Rapid Dylight 488 Antibody Labeling kit (Novus Biologicals,
322-0010), according to the manufacturer’s instructions.
Assessment of intracellular ADA, IFN-y, TNF-a, and GrzB
was performed using the Intrasure kit (BD 641,778), according
to the manufacturer’s instructions.

For functional analyses, 2-3 x 10° cells were activated with
plate-bound anti-CD3 mAb and recombinant human (rh) IL-2
for 5-6 h in the presence of protein transport inhibitors

Golgistop (BD 554,724) and Golgiplug (BD 555,029), before
staining with diverse combinations of mAbs specific for surface
and intracellular molecules. For ADA blocking experiments,
cells were incubated with the specific inhibitor erythro-
9-(2-Hydroxy-3-nonyl) adenine hydrochloride (EHNA)
(Calbiochem 51,350-19-7) at 10 pM, according to an in-house
time course blockade, while stimulated with plate-bound anti-
CD3 mADb for 6 h. The protein transport inhibitors Golgistop
and Golgiplug were added during the last three hours of
stimulation.

Cell analysis was conducted using BD FACSCantoll and BD
FACSCelesta flow cytometers, and data were analyzed with BD
FACSDiva and Flowjo software.

Statistical analysis

Friedman test and Wilcoxon U-test were used to compare
matched patients and intra-individual assessments. Non-
parametric Kruskal-Wallis test and Mann-Whitney U-test
were employed for comparisons between unmatched patients.
All p values were adjusted with Bonferroni correction for
multiple comparisons. Box graphsdisplayed the 25th and 75th
percentiles, median values, and outliers, while scatter-plot
graphs showed median values with an interquartile range.
A p value <0.05 was considered significant, with significance
levels represented as *p<0.05, **p<0.01, ***p<0.001.
Statistical analysis was performed using SPSS 21.0 for
Windows.

Patients’ stratification and survival analysis

To explore the influence of specific T-cell signatures on the
prognosis and response to ICB in LUAD NSCLC patients, we
interrogated TCGA and OAK datasets. For both datasets, we
included patients with an Overall Survival (OS) longer than 1
month. For the TCGA dataset, only MO patients were selected.
Only lung ADC samples that underwent ICB therapy (atezoli-
zumab) were selected for the OAK dataset. Before the down-
stream analysis, gene expression was z-scored in both datasets.
To simulate a scenario of tumor lymphocyte infiltration and
ensure the presence of CD8"PD1"CD39"ADA™CD26" T cells,
patients from both datasets were initially stratified based on the
gene expression levels of CD8, PDCDI1 (PD-1), ENTPDI
(CD39), ADA, and DPP4 (CD26). Patients with a mean expres-
sion level above the 25th percentile for all the genes were
classified as a CD8'PD1'CD39"ADA'CD26" cohort.
Subsequently, these cohorts were further stratified into CD28
“high” and CD28 “low” based onCD28 gene expression, con-
sidering the highest tertile as “high” and the lowest tertile as
“low.” Survival outcomes were analyzed using Kaplan-Meier
(KM) curves, employing the “survival” and “survminer”
packages within the R statistical software (version 4.1.2), and
differences were assessed using the log-rank test. We leveraged
the OAK dataset to assess the impact of the above T-cell
signature on the efficacy of ICB therapy in NSCLC patients.
Patients were first stratified according to the
CD8'PD1"CD39"ADA'CD26" signature expression levels as
described above. We then correlated CD28 levels with clinical
outcomes, categorizing patients into Responders (R) and Non-



Responders (NR). Responders included those with Partial
Response (PR), Complete Response (CR), and Stable Disease
(SD) with Progression Free Survival (PFS) exceeding 6 months.
Non-responders comprised patients with Progressive Disease
(PD) and Stable Disease (SD) with PFS less than 6 months. An
identical approach was applied to examine the impact of the
signature in CD4" T-cell enriched NSCLC. p values were
determined by performing the Fisher’s Exact test on
a contingency table with columns indicating clinical benefit
and rows indicating the signature levels. Adjusted
p values < 0.05 were considered statistically significant.

Results

Deciphering the role of CD26, CD39, CD73, and ADA in
shaping PD-1*CD28~ and PD-1*CD28" CD8* T-cell subset
distribution across peripheral blood, normal tissue, and
tumor site in NSCLC patients

We recently reported the CD28 pivotal role in improving the
functional state of PD-1" CD8" T cells in the tumor site of
NSCLC patients." To explore the potential mechanisms under-
lying the functional advantage of PD-1" CD8" T cells within
the immunosuppressive, CD39-enriched NSCLC tumor site,
we investigated whether the ADA/CD26 axis might counteract
this immunosuppressive phenotype.

First, we assessed the impact of the individual CD26, CD39,
CD73, and ADA expression on the distribution and functional
state of the two CD8" subsets characterized by PD-1 with or
without CD28 in peripheral blood, non-tumor lung tissue and
tumor site of 18 NSCLC patients.

CD26 expression was low in PD-1"CD28™ T cells in the
periphery but significantly increased at the tumor site. In con-
trast, PD-1"CD28" cells consistently showed high CD26
expression across all regions (Figure 1(b) and Supplementary
Figure Sla). In the periphery, both the PD-1"CD28™ and PD-
1'CD28" T-cell subsets exhibited low CD39 expression
(Figure 1(a,b)). However, within the tumor site, the PD-1"-
CD28" T-cell population showed the highest CD39 expression,
with levels significantly increased, compared to those in the
periphery (Supplementary Figure Sla). Conversely, CD73
expression remained stable across sites (Figure 1(b)) and was
consistently highest in PD-1"CD28" T cells (Suplementary
Figure Sla). ADA levels showed no significant differences
across sites.

Next, we analyzed the impact of single CD26, CD39,
CD73, and ADA expression on T-cell functionality. In
peripheral blood, CD26 provided a significant functional
advantage to PD-1"CD28" T cells specifically in terms of
GrzB expression. PD-1"CD28” T cells, either as a whole
population or analyzed based on single CD39, CD73, or
ADA expression, exhibited higher IFN-y and GrzB com-
pared to PD-17CD28" T cells (Supplementary Figure S1b,
c). However, this functional benefit declined from the
periphery to the distal tissue and the tumor site, with
IFN-y and TNF-a levels reaching those of their CD28"
counterparts, although GrzB production remained elevated
in CD28 T cells in the tumor (Supplementary
Figure Slc).
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These findings suggest that although differently distributed
within the two subsets across the different districts, the indivi-
dual CD26, CD39, CD73, or ADA expression does not impact
PD-1"CD8" T-cell functionality in the tumor site of NSCLC
patients.

ADA/CD26 axis impacts the functional fitness of CD8"*
PD-1"CD28" CD39*T cells in NSCLC tumor site

We then assessed how diverse CD39, ADA, and CD26 co-
expression patterns are distributed within PD-17CD28" and
PD-17CD28" T-cell subsets across the three sites in NSCLC
patients. CD39 and CD26 co-expression, with or without intra-
cellular ADA, was notably low among PD-1"CD28™ T cells in
the periphery (Figure 1(c) and Supplementary Figure S2a), also
compared to their CD28" counterparts (Figure 1(c)).
Conversely, the frequencies of the CD39"ADA*CD26" pheno-
type did not show statistically significant differences between
the PD-1"CD28™ and PD-1"CD28" T-cell subsets at the tumor
site. The highest CD397CD26 phenotype observed among
PD-17CD28™ T cells in the tumor, with or without intracellular
ADA (Figure 1(c) and Supplementary Figure S2a), suggests
a regulatory-like phenotype associated with CD39"CD26~
T cells, as previously reported,13 only in the absence of CD28.

Considering the poor frequencies of peripheral CD39" sub-
sets and the role of CD39 ectonucleotidase activity in generat-
ing immunosuppressive ADO, primarily at the tumor site,'”'®
we first focused on the functional impact of the CD26/ADA
axis on PD-17CD28™ and PD-17CD28" T cells expressing
CD39 in the tumor. Simultaneous ADA and CD26 expression
in CD39" T cells provided a substantial functional benefit in
terms of IFN-y and TNF-a production exclusively to PD-1%-
CD28" T cells (Figure 1(d)). This functional advantage was
significant, whether over the whole subset or cells lacking both
ADA and CD26 (CD39"ADA CD267), which exhibited
a marked functional decline (Figure 1(d), lower panels).
Furthermore, the absence of both ADA and CD26 had
a more pronounced negative impact on IFN-y and TNF-a
production by PD-1"CD28" T cells compared to the single
lack of either ADA (CD39"ADACD26%) or CD26
(CD39*ADA'CD26") (Figure 1(d), lower panels). Overall, the
ADA/CD26 axis had minimal impact on GrzB production in
both subsets.

When we compared IFN-y and TNF-a production between
CD28™ and CD28" in cells co-expressing ADA and CD26, we
detected apparent higher cytokine levels in PD-1"CD28"
T cells, although the differences did not reach statistical sig-
nificance. Conversely, CD39 expression in the absence of ADA
and CD26 provided significantly higher functionality to CD28~
T cells at the tumor site (Supplementary Figure S2b).

To rule out a direct role of ADA in counteracting ADO
engagement on its receptor, we analyzed the expression of
A2AR in PD-1"CD28” and PD-1"CD28" T cells and in
CD39" subsets with diverse co-expression patterns of ADA
and CD26. Notably, total PD-1"CD28" T cells isolated from
the tumor exhibited the highest A2AR expression
(Supplementary Figure S2c, upper panel), indicating heigh-
tened sensitivity to ADO’s immunosuppressive activity.
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Figure 1. The ADA/CD26 axis provides a higher functional advantage to PD-1"CD28" T cells, whether as a whole subset or when co-expressing CD39, ADA, and CD26. (a)
Representative multicolor flow cytometry plots showing CD26, CD39, CD73, and ADA expression, gated on ex vivo unstimulated PD-1"CD28™ and PD-1*CD28" T-cell
subsets from different districts of NSCLC patients; (b) Frequencies of individual CD26, CD39, CD73, and ADA expression in ex vivo unstimulated PD-1"CD28~ and PD-
1*CD28* T cells from peripheral blood (P), distal non-tumor tissue (NT), and tumor site (T); (c) Comparison of the frequencies of subpopulations with distinctive CD39,
ADA, and CD26 co-expression, between ex vivo unstimulated PD-1*CD28~ and PD-1"CD28™ T cells from P, NT, and T; (d) IFN-y, TNF-q, and GrzB production by subgroups
with distinctive co-expression patterns of CD39, ADA, and CD26 within PD17CD28~ and PD17CD28" T cells from T of NSCLC patients and stimulated by anti-CD3 mAb
(5-6h). p values were calculated using the Wilcoxon rank test with Bonferroni correction for multiple comparisons. *p < 0.05, **p < 0.01. Plots show median values with

interquartile range.




However, when comparing the frequency of A2AR expres-
sion between the CD39" subgroups with or without ADA
and CD26, we did not observe differences between PD-1"-
CD28" and PD-1"CD28" T cells (Supplementary Figure S2c,
bottom panel). These findings suggest a distinct mechanism
from neutralizing the immunosuppressive effects of ADO
through A2AR engagement, instead mediated by ADA and
CD26 co-expression as a co-stimulatory axis conferring func-
tional advantage to PD17CD28" CD39" T cells.

When examining PD-1"CD28™ and PD-1+CD28+ T cells
co-expressing CD39 and CD73, we found that the subgroups,
with or without ADA and CD26, were expressed at low fre-
quencies (Supplementary Figure S2d, upper panel). Notably,
the co-expression of ADA and CD26 conferred a significant
functional advantage in terms of IFN-y production to PD-
1"CD28" T cells co-expressing CD39 and CD73 compared to
both the entire subset (p =0.009) and cells lacking ADA and
CD26 (p = 0.007).

ADA impacts PD-1"CD8" T cell functionality in the tumor
site

We aimed to establish the direct influence of ADA on the
functional capability of CD8" PD-1/CD28 subsets within the
NSCLC tumor site using the specific ADA inhibitor EHNA,"
focusing on the production of IFN-y, a primary functional
target affected by ADA deficiency.*’

ADA inhibition proved detrimental in the whole PD-17-
CD28" T-cell population (Figure 2(a), bottom panel) and in the
subgroup co-expressing CD39, ADA, and CD26 (Figure 2(b),
left bottom panel).

Conversely, a non-significant impact was observed on the
whole PD-1"CD28" population following ADA inhibition
(Figure 2(a), upper panel). Notably, PD-1"CD28™ T cells co-
expressing CD39 and CD26 but lacking intracellular ADA
showed significant IFN-y reduction mediated by ADA inhibi-
tion (Figure 2(b), left upper panel). These results were consistent
in T-cell subsets co-expressing CD39 and CD73 (Figure 2(b),
right panels).

Since ADA can be released into the extracellular milieu
and engage with CD26 on neighboring T cells,” our find-
ings suggest a pivotal role for exogenous ADA in delivering
a co-stimulatory signal via interaction with CD26 on
CD8'PD-1" T cells lacking CD28 within the NSCLC
tumor site. Conversely, the functional fitness of PD-1"-
CD28" T cells appears to rely more on an autocrine ADA/
CD26 axis.

The ADA/CD26 axis in CD8*PD-1"CD28" T cells provides
a signature predicting outcomes in lung ADC and ICB
Response in advanced NSCLC

To translate our findings into the clinical setting and identify
patients gaining benefit from the ADA/CD26 axis on PD-17-
CD28" T cells in the context of an immunosuppressive tumor
environment enriched with CD39, we constructed a signature
based on our multiparametric results. The signature included
CD8, PDCD1 (PD-1), ENTPD1 (CD39), ADA, and DPP4
(CD26) and was initially assessed in the lung adenocarcinoma
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TCGA-LUAD dataset, stratified into CD28"#" or CD28'""
groups. Remarkably, high CD28 expression correlated strongly
with improved survival outcomes in NSCLC patients harbor-
ing our signature in the LUAD TCGA (p =0.032) and OAK
datasets, the latter involving patients with advanced lung ade-
nocarcinoma undergoing atezolizumab treatment (p = 0.02)
(Figure 2 (c)).

To validate our findings in terms of response prediction to
ICB, we delved into data from the OAK database and found
that our signature was significantly associated with higher
response to ICB in NSCLC patients when CD28 expression
was high at the tumor site (p = 0.02 Figure 2(d)).

Notably, recognizing the potential impact of CD4"CD26"
T-cell subpopulation in ICB response,” we analyzed the same
signature in CD4" T cells within the TCGA and OAK datasets.
As shown for CD8" T cells, we found that this signature
discriminates survival (p=0.015, p=0.021) (Supplementary
Figure S3a, b) and response to ICB (p =0.02 Supplementary
Figure 3b) in NSCLC patients, in the presence of CD4™ T cells
and high CD28 expression.

In conclusion, our findings establish a compelling link
between high CD28 expression and the ADA/CD26 axis in
improving survival outcomes in LUAD patients, featuring
our identified signature as a potential prognostic and predictor
of favorable responses to ICB.

Discussion

To explore the mechanism driving the beneficial influence of
CD28 expression on CD8" PD-1" T cells in the transition from
the periphery to the NSCLC tumor site, as we have recently
reported,' we focused on the ADA/CD26 axis within
a microenvironment enriched in CD39-expressing T cells.

Our findings shed light on the potential significance of the
ADA/CD26 axis in sustaining the functional fitness of PD-
1"CD28" T cells, correlated with enhanced OS in LUAD
patients and treatment responsiveness in advanced patients
undergoing ICB therapy.

Notably, co-expression of ADA and CD26 confers
a remarkable functional benefit specifically to PD-1"CD28"
T cells, particularly in terms of IFN-y and TNF-a production.
This advantage was evident when compared to either the whole
PD-17CD28" subset or cells lacking both ADA and CD26, which
exhibited an evident functional impairment (Figure 1(d)), and
was confirmed in PD17CD28" T cells co-expressing CD39 and
CD73 (Supplementary Figure S2d).

It would be of interest to evaluate whether CD26
expression in CD8"PD-1"CD28" T cells is associated
with elevated secretion of the pro-inflammatory cytokine
IL-6, as recently reported for CD4" T cells.” This analysis
could provide further insights beyond the well-defined
cytotoxic molecules.

The comparable levels of A2AR found across subgroups
characterized by CD39, ADA, and CD26 within both PD-1%-
CD28™ and PD-1"CD28" T cells (Supplementary Figure S2c,
lower panel) suggest that the functional benefit observed in
CD28" T cells within a CD39-enriched environment primarily
stems from ADA’s interaction with CD26 rather than the
neutralization of extracellular ADO.>*' These findings
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Figure 2. In a CD39-enriched setting, PD1*CD28"* T-cell functionality relies on an autocrine ADA/CD26 axis, which emerges as a predictive signature for OS and
responsiveness to ICB. (a-b) Effect of ADA inhibition (ADAI) with the specific inhibitor EHNA on IFN-y production in T cells isolated from NSCLC tumor sites, stimulated by
anti-CD3 mAb (5-6h). ADAI impact was assessed on PD-1*CD28™ and PD-1*CD28" T cells (a) and on subgroups with distinctive co-expression patterns of CD39, ADA, and
(D26 (b, left panels) or CD39, CD73, ADA, and CD26 (b, right panels). p values were calculated using the Wilcoxon rank test. *p < 0.05, **p < 0.01. (c) Kaplan-Meier curve
showing OS probability of adenocarcinoma patients from the TCGA-LUAD and OAK datasets. Patient numbers at risk and P-values are displayed. Significance was
assessed using the log-rank test; (d) Bar plots showing the percentage of patients from the OAK cohort stratified according to the High/Low scores of our signature and
categorized as Responders (R) and Non-Responders (NR) to ICB based on CD28high (left panel) and CD28low (right panel) expression. Significance was determined
through the Fisher's Exact test.



highlight a specific role of the autocrine ADA/CD26 axis in
counteracting the detrimental effect of CD39 in tumor-
associated PD-17CD28" T cells.

Blockade experiments further confirmed the significant
impact of ADA on the functional capability of CD8"PD-
17CD28" T cells, both as a whole population and a CD39-
"ADA'CD26" subgroup, suggesting a heightened reliance
on autocrine ADA. Conversely, the functionality of the
PD-1"CD28" subset appears to rely more on CD26
engagement of ADA produced by neighbor cells
(Figure 2c,d). This aligns with previous studies reporting
that CD8"CD28" T cells release a higher extracellular
ADA with respect to the CD28  subset, while ADO
decreases the CD28 expression.””*> We envision that the
progressive Ag-mediated terminal differentiation of
T cells, leading to CD28 loss, diminishes their ability to
release ADA,> potentially increasing their reliance on
exogenous ADA, likely produced by CD28" T cells.
Further studies are required to unveil whether this heigh-
tened reliance of PD-1"CD28" T cells on intracellular
ADA may reflect a possible increase of inosine mediated
by ADA, critical for sustaining T-cell metabolism and
functionality, especially under conditions of glucose
restriction.®

When we compared IFN-y and TNF-a production between
CD28™ and CD28" in cells co-expressing ADA and CD26, we
found noticeably higher cytokine levels in PD-1" CD28" T cells.
Although these differences did not reach statistical significance,
we envisage that a larger sample size could better validate the
functional advantage of the ADA/CD26 axis in the CD28" popu-
lation compared to CD28™ T cells. Conversely, the superior func-
tionality observed in CD39"ADA™CD26 CD28" T cells confirms
that CD8"CD28™ T cells are less dependent on the autocrine
ADA/CD26 axis for their functionality and possibly indicates a
CD39"ADA™CD26 CD28™ regulatory T-cell phenotype with
functional effector features. This possibility aligns with previous
indications®* and warrants further investigation.

Notably, the positive impact of the ADA/CD26 axis on the
functionality of PD-1"CD28" T cells within a CD39-enriched
context may have significant clinical implications.

ADA overexpression has been reported to enhance the anti-
tumor efficacy of Chimeric Ag Receptor-Engineered (CAR)
T cells in preclinical models,”> while CD26 has recently been
proposed as a response biomarker to PD-1 blockade.” On the
other hand, CD28 expression in CD8" T cells has been advocated
as a crucial biomarker of ICB response.*® Our focus on a specific
PD-1"CD28" T-cell subpopulation, which benefits the most from
ADA and CD26 co-expression, enhances the comprehension of
the intricate interplay regulating anti-tumor responses. On these
bases, our signature predicts survival outcomes and response to
ICB in LUAD patients and paves the way for the ADA/CD26 axis
as a promising target for innovative approaches aimed at improv-
ing the efficacy of immunotherapeutic interventions in NSCLC.
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