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ABSTRACT

Renal cell carcinoma (RCC) is a common malignancy frequently diagnosed at the metastatic stage. We performed
a comprehensive analysis of the tumor immune microenvironment (TIME) in RCC patients, including the peri-
tumoral tissue microenvironment, to characterize the phenotypic patterns and functional characteristics of
infiltrating immune cells. T cells from various compartments (peripheral blood, tumor, peritumoral area, and
adjacent healthy renal tissue) were assessed using flow cytometry and Luminex analyses, both before and after T
cell-specific stimulation, to evaluate activation status and migratory potential. Our findings demonstrated that
tumor-infiltrating lymphocytes (TILs) exhibited heightened cytokine production compared to peritumoral T cells
(pTILSs), acting as the primary source of cytotoxic markers (IFN-y, granzyme B, and FasL). CD8" T cells primarily
employed Fas Ligand for cytotoxicity, while CD4" T cells relied on CD107a. In addition, a statistically significant
negative correlation between patient mortality and the presence of CD4"CD107" pTILs was demonstrated. The

PECAM-1 engagement with the PD-1/PD-L1 pathway was also more evident in CD4" and CD8" pTILs as opposed to TILs.
PD-L1 expression in the non-leukocyte fraction of the tumor tissue was relatively lower than in their leukocytic
counterparts and upon stimulation, peripheral blood T cells displayed much stronger responses to stimulation
than TILs and pTILs. Our results suggest that tumor and peritumoral T cells exhibit limited responsiveness to
additional activation signals, while peripheral T cells retain their capacity to respond to stimulatory signals

Abbreviations: RCC, Renal cell carcinoma; ccRCC, Clear cell renal cell carcinoma; non-ccRCCs, Non-clear cell renal cell carcinomas; ICIs, Immune checkpoint
inhibitors; PD-1, Programmed cell death 1; PD-L1, Programmed cell death ligand 1; CTLA-4, Cytotoxic T-lymphocyte antigen 4; TKIs, Tyrosine kinase inhibitors;
TME, Tumor microenvironment; TILs, Tumor-infiltrating lymphocytes; pTILs, Peritumoral tissue-infiltrating lymphocytes; CAFs, Cancer-associated fibroblasts;
PBMCs, Peripheral blood mononuclear cells; FACS, Fluorescence-activated cell sorting; Luminex, Luminex assay; FN-y, Interferon gamma; TRAIL, Tumor-necrosis
factor-related apoptosis-inducing ligand; FasL, Fas Ligand; CXCL, Chemokine (C-X-C motif) ligand; PECAM-1, Platelet endothelial cell adhesion molecule-1; CD8+,
Cluster of Differentiation 8 positive T cells; CD4+, Cluster of Differentiation 4 positive T cells; TGF-p, Transforming Growth Factor beta; TNF-a, Tumor Necrosis
Factor-alpha; CD107a, Cluster of Differentiation 107a; CXCL-10, C-X-C motif chemokine ligand 10; CXCL-9, C-X-C motif chemokine ligand 9; CAFs, Cancer-Asso-
ciated Fibroblasts.
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Introduction

Kidney cancer, one of the most common cancers in humans, is a
therapeutically challenging malignancy [1]. The most prevalent subtype
is clear cell renal cell carcinoma (ccRCC), while the remaining types are
collectively known as non-clear cell RCCs (non-ccRCCs), displaying
genetic and histological heterogeneity [2]. Upon diagnosis, approxi-
mately 30 % of the patients present with metastatic lesions [3,4].
Although targeted therapies have advanced, their efficacy in terms of
overall survival diminishes once their effectiveness wanes [3].

In 2015, the anti-programmed cell death 1 (PD-1) monoclonal anti-
body nivolumab was approved for the treatment of patients with met-
astatic RCC. Since then, other immune checkpoint inhibitors (ICIs),
including pembrolizumab, avelumab, and ipilimumab, targeting PD-1,
programmed cell death ligand 1 (PD-L1), and cytotoxic T-lymphocyte
antigen 4 (CTLA-4), respectively, have been implemented into routine
clinical practice [5-7].

These agents, particularly when combined with other ICIs or tyrosine
kinase inhibitors (TKIs), have radically improved the outcomes of sys-
temic therapy for patients with RCC [6-9].

Hence, some patients still fail to respond to ICIs, and unconventional
responses, such as pseudoprogression or tumor flares, have been
observed [10-12]. Factors contributing to positive treatment responses
include immune checkpoint molecule expression, high neoantigen load,
and infiltration of CD8+ T cells. Therefore, a thorough analysis of the
tumor microenvironment (TME) is crucial [13].

Peritumoral lymphocytes have emerged as important prognostic
markers in various cancers [14-19], yet their precise role in the
tumor-immune system interplay remains unclear. Understanding the
microenvironment, immune cell phenotypes, and functions in the tumor
and peritumoral regions may facilitate personalized treatments [20,21].

Our study fills a gap by investigating the phenotypic patterns and
functional abilities of peritumoral lymphocytes in RCC. We compre-
hensively analyzed the tumor microenvironment, immune cell charac-
teristics, and cytokine profiles to gain insights into their functional
capacities.

Materials and methods
Human samples

Fresh human tissue samples (n = 68) were obtained from patients
Table 1

Baseline Characteristics of the Study Cohort Demographic information detailing
patients and characteristics of their respective tumors.

Characteristic Patients (n) Patients (%)
Age

>75 5 25.0

75-65 8 40.0

< 65 7 35.0
Sex

Male 11 55.0

Female 9 45.0
Histology

Clear cell RCC 17 85.0

Non-clear cell RCC 3 15.0
Tumor grade

1 2 10.0

2 11 55.0

3 4 20.0

4 2 10.0

Not available 1 5.0
TNM tumor stage

T1 14 70.0

T2 0 0

T3 4 20.0

Not available 2 10.0
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with RCC after nephrectomy (n = 20). Table 1 summarizes the cohort’s
baseline characteristics, with a majority having clear cell carcinoma (n =
17) and a subset exhibiting non-clear cell carcinoma (n = 3/papillary2x/
collecting duct1x).

Tissue samples included tumors, peritumoral tissue, adjacent healthy
renal tissue, and peripheral blood. Peritumoral tissue was excised 1 cm
from the tumor edge, and healthy renal tissue was collected farthest
from the tumor edge. Samples were transferred into the laboratory in
saline solution. Peripheral blood from two healthy donors was used as a
control in specific subanalyses. The study adhered to the Declaration of
Helsinki, with patient’s written consent and approval from the Ethics
Committee (No.EK-377/13). Cytokine analysis was conducted on 28
samples using Luminex and 38 samples using flow cytometry. The study
design is illustrated in Fig. 1, outlining sample collection and selected
analyses.

Cell isolation

Peripheral blood mononuclear cells (PBMCs) were isolated from 9 ml
of whole blood using Isopaque-Ficoll. Leukocytes from tumors, peritu-
moral tissue, and healthy renal tissue were isolated as described previ-
ously [16]. Tissue samples were mechanically dissociated, incubated
with RPMI-1640 medium supplemented with collagenase and DNAse,
and filtered through a 70-pm strainer. Flow cytometry analyzed 40 cell
suspensions from tumors, peritumoral tissue, healthy renal tissue, and
PBMCs. In total, 28 cell suspensions from various tissues, including
PBMCs, were stimulated with anti-CD3:CD28 beads after 24-hour in-
cubation in RPMI 1640 medium.

Flow cytometry

Multicolor flow cytometry was used to characterize the phenotypic
patterns of the tumor-infiltrating lymphocytes (TILs), peritumoral
tissue-infiltrating lymphocytes (pTILs), and cancer-associated fibro-
blasts (CAFs) ex vivo. The isolated cells were stained with fluorophore-
conjugated protein-specific antibodies (anti-CD45, clone MEM28, cat.
n. 537,962, Exbio; anti-CD4, clone MEM421, cat.n.538380, Exbio; anti-
CDS8, clone MEM31, cat.n.531603, Exbio; anti-CD31,clone WM59,cat.n.
B276836, Biolegend; anti-CD107a, clone H4A3, cat.n.529783; anti-PD-
L1, clone 29E.2A3, cat.n.329734, Exbio; anti-CD95, cat.n. 305,611,
Exbio; anti-CD178, clone NOK-1,cat.n.B321945,Biolegend; anti-hFAP,
cat.n. AEHH221, RD Systems; anti-haSMA, cat.n. ACAK0318071,RD
Systems, anti-CD261, cat.n. 307,206, Biolegend)for 30 min, washed,
and analyzed using a BD LSRFortessa flow cytometer (Becton Dick-
inson). The obtained data were analyzed using the FlowJo software
(Tree Star, Ashland, OR, USA, version 10.6.1).

Selective T-cell stimulation

T cells (CD4" and CD8™) isolated from the tissue samples/PBMCs
were activated by superparamagnetic polymer beads with an optimized
mixture of anti-CD3 and anti-CD28 monoclonal antibodies (Dynabeads
Human T-Activator CD3/CD28, Gibco, Thermo Fisher Scientific). The
assay was performed in accordance with the manufacturer’s in-
structions. CD3" T cells were stimulated with anti-CD3,/CD28 beads for
24 h. After stimulation, the suspensions were centrifuged, and the su-
pernatant was analyzed using the Luminex cytokine assay.

Luminex cytokine assay

Supernatants from 28 cell suspensions were analyzed for interferon
gamma (IFNy), tumor-necrosis factor related apoptosis-inducing ligand
(TRAIL), Fas Ligand (FasL), granzyme B, chemokine (C-X-C motif)
ligand (CXCL)—9, CXCL-10, and platelet endothelial cell adhesion
molecule-1 (PECAM-1) using the Luminex cytokine assay. A customized
Luminex Human Magnetic Assay (Biotechne, R&D Systems s.r.o.,



M. Borcinova et al.

Prague) was used to detect selected cytokines/chemokines in cell sus-
pensions from four distinct compartments. Samples were acquired using
the Bio-Plex 200 system.

Data analysis

Statistical analyses used SPSS (version 25.0) and GraphPad Prism 6.
Correlation matrices were plotted using Corrplot (R package). Data
presented as mean + SEM, unless specified. Spearman’s rank-order
correlation coefficient assessed bivariate associations. Mann-Whitney
U and Wilcoxon tests used Monte Carlo resampling (N = 10,000 sam-
ples), compensating for tied values. « = 0.05 (P values: *P<0.05,
**P<0.01, ***P<0.001, ****P<0.0001).

Results
Low CAF proportion is associated with higher PECAM-1 expression

First, we aimed to characterize the cellular populations in the peri-
tumoral and tumoral areas of RCC samples, with a focus on cancer-
associated fibroblasts (CAFs) and T-cells, which are key mediators of
antitumor function.

CAFs have diverse functions in the tumor microenvironment (TME),
with the ability to either promote or hinder tumor growth, as they
interact with both tumor cells and tumor-infiltrating immune cells
(TIICs) [22,23]. CAF-secreted factors have been shown to suppress T cell
infiltration, proliferation, and cytotoxicity, while promoting Treg
recruitment and differentiation [16,23,24]. CAF-induced increase in
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extracellular matrix density can also exclude T cells from the tumor area
[25]. In our study, CAFs were defined as CD45 aSMAFAP™ cells [26,
27]. We found that T cell proportions were similar across the tested
tissue compartments, but CAFs, although representing only a minor
fraction of viable CD45-negative cells varied between these compart-
ments (Fig. 2a). Despite being the most abundant stromal cell population
in many tumors, CAFs represented a small fraction in RCC samples, with
higher relative abundance in the peritumoral area (3.9 % +3.6 %)
compared to the tumor area (0.8 % +1.2 %), (Fig. 2b). The proportion of
CAFs did not correlate with patient age, sex, tumor histology, grade, or
stage. However, CAFs showed a significant negative correlation with
PECAM-17CD8" T cells, which are critical for T cell transendothelial
migration (Fig. 2¢). It has been already shown that CAFs modulate T cell
migration by altering the TME composition and thus, inhibit CD8™ T cell
trafficking and recruitment [16,23]. It is important to note that CAFs
constituted only a minor fraction of viable cells, necessitating further
research to fully understand the implications of these findings.

PECAM-1 expression is higher in CD8" T cells than in CD4" T cells

The PECAM-1-mediated interactions between migrating T cells and
the endothelium facilitate and coordinate T cell extravasation (Fig. 3a).
PECAM-1 expression also enhances transforming growth factor beta
(TGF-p)-mediated inhibition of T cells, reducing their activation and
secretion of IFN-gamma (IFN-y) and tumor necrosis factor-alpha (TNFo)
[28],. In addition, engagement of PECAM-1 enhances the
anti-inflammatory properties of CD8" T cells, prevents apoptosis, and
reduces T cell receptor signaling in CD4" T cells [29].
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Fig. 1. Study design. A comprehensive representation of the study design. In the upper left corner, the figure illustrates the process of sample collection, encom-
passing the acquisition of biological specimens from the study participants. In the upper right corner, subsequent analyses of immune cells, involving techniques such
as flow cytometry (FACS) and luminex assays, are depicted. The lower right section of the figure portrays the specific T cell stimulation procedure employed, along
with the selected markers utilized for the analysis of T cell activation status. Finally, the lower left section demonstrates the statistical comparison phase, where
appropriate statistical tests are performed to evaluate the significance of the obtained results. Created with Biorender (Ref.No. UR25FT8MNJ). IFNg: interferon
gamma, TRAIL: TNF-related apoptosis-inducing ligand; FasL: Fas ligand; GrzB: Granzyme B; PECAM-1: Platelet Endothelial Cell Adhesion Molecule-1.
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Fig. 2. Correlation of cancer-associated fibroblasts (CAFs) and PECAM-1 expression by CD8" T cells. A: four pie charts illustrating variations in the mean cellular
ratios between the tumor and the peritumoral area. B: boxplots of relative abundance of CAFs in the tumoral and peritumoral compartments. The percentile range
was set at 25 %, 50 %, and 75 %. The whisker range was chosen to be between minimal and maximal measured values with outliners. C: correlation between CAFs
and CD8PECAM-1" producing cells in tumoral and peritumoral compartments. CAFs: cancer-associated fibroblasts; peritum: peritumoral tissue.

Based on the profound effects of PECAM-1 on T cell function, we
examined its levels in CD4" and CD8™" TILs and pTILs. Although PECAM-
1 expression was comparable in the two tissue compartments, it was
significantly higher in CD8" T cells than in CD4" T cells (Fig. 3b).

In the tumor and peritumoral tissue, the mean proportions of
PECAM-1*CD8" T cells were 84.0 % (£7.2 %) and 79.2 % (£9.5 %),
respectively, while those of PECAM-1"CD4" T cells were 26.8 % (+8.8
%) and 19.0 % (£15.3 %), respectively. PECAM-1 expression showed no
association with the patient’s age, sex, tumor stage, and grade

(Supplementary Figure 1).

CD8" and CD4™ T cell cytotoxicity is mediated by FAS ligand and
CD107a, respectively, in RCC

To evaluate cytotoxic capacities in RCC tumors, we assessed
tumoricidal mechanisms of CD4" and CD8" T cells infiltrating tumoral
and peritumoral tissues, considering the impact of PECAM-1 expression
on T cell subsets, activation state, and TME.
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Fig. 3. Figure 2. PECAM-1 expression in CD8" and CD4 " T cells. A: graphical depiction of PECAM-1-mediated transendothelial migration of T cells. B: boxplots of
relative abundance of CD8+PECAM-1+ and CD4+PECAM-1+ in the tumoral and peritumoral compartments. The percentile range was set at 25 %, 50 %, and 75 %.
The whisker range was chosen to be between minimal and maximal measured values with outliners.

Using flow cytometry, we assessed the distribution of FasL, a key
antitumor cytotoxic molecule, and CD107a, a general marker of T cell
degranulation in the CD4" and CD8™ T cell subpopulations [30,31]. In
tumor tissues, CD4" T cells expressed significantly higher levels of
CD107a than CD8" T cells (P = 0.04), whereas CD8" T cells predomi-
nantly expressed FasL, and their proportion was significantly higher in
the tumor tissue than that of FasL-positive CD4™" T cells (P = 0.008). This
distribution was more evident in the peritumoral tissue (P¢p197,= 0.007;
Prast= 0.002), suggesting that within the TME, CD8" T cells mainly
exploit FasL, while CD4" T cells exploit CD107a (Fig. 4a-b). FasL
expression was negatively correlated with CD107a expression in
tumor-infiltrating CD8"' T cells, implying that the prevailing type of
cytotoxic response limited the other one (Fig. 4c). With over 90 % of
FasL-positive CD8™ T cells in the tumor tissue, our findings indicate that
FasL is the major molecule responsible for antitumor cytotoxicity. Our

a P=0.04 P =0.007 b P =0.008

Proportion of CD45+ cells (%)
3
Proportion of CD45+ cells (%)
o
8

discovery that, in RCC tumors, CD8" T cells primarily employ FasL,
while CD4" T cells depend on degranulation through CD107a, has
prompted us to investigate the correlation between these cytotoxic
phenotypes and survival outcomes. Thus, we have examined the rela-
tionship between tumoral and peritumoral CD4/CD8 cells positive for
CD107a/FasL, in association with patient mortality in a subset of pa-
tients. On average, patients experienced a 20-month survival period
with a medium follow-up 62 months. Neither tumoral nor peritumoral
CD4" and CD8™ T cells expressing FasL showed any correlation with
patient survival. However, our data demonstrated a statistically signif-
icant negative correlation between the presence of CD47CD107" pTILs
and patient mortality, as shown in Supplementary Figure 2.
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Fig. 4. Cytotoxic capacity of T cells in tumoral and peritumoral compartments. A: boxplots of relative abundance of CD8"CD107a™ T cells and CD4*CD107a™ T cells.
B: boxplots of relative abundance of CD8"FasL™ and CD4" FasL™T cells. The percentile range was set at 25 %, 50 %, and 75 %. The whisker range was chosen to be
between minimal and maximal measured values with outliners. C: Association of the tumoral and peritumoral production of CD107a and FasL. The coefficient of
correlation of variables is presented by a coloring scheme from red (negative correlation) to blue (positive correlation), whereas white represents an absence of

correlation. FasL: fas ligand; peritum: peritumoral.
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TILs produce higher levels of cytokines compared to pTILs

After assessing the cytotoxic ability of peritumoral and intra-tumoral
T cells, we characterized their secretory profile. Using the Luminex
assay, we investigated cytokine production in tumor, peritumoral,
healthy renal tissues, and peripheral blood of RCC patients. Age signif-
icantly influenced basal production of CXCL10 (P < 0.001) and FasL (P
= 0.007) in non-stimulated peritumoral tissues. Selected clinicopatho-
logical variables and their correlations with basal cytokine production
are shown in Supplementary Figure 3.

Most importantly, the tumor compartment had the highest basal
levels of cytokines (Supplementary Table 1) in all patients, indicating
that TILs secrete more inflammatory cytokines, and are thus more active
than naive pTILs.

TILs were shown to be the primary source of cytotoxic markers IFN-y,
granzyme B, and FAS ligand

Next, we analyzed the production of four distinctive cytotoxic cy-
tokines (TRAIL, IFN-y, granzyme B, and FasL) in the tumor, peritumoral
tissue, healthy renal tissue, and PBMCs. These compartments differed
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notably in their production of TRAIL (P = 0.004). The tumor tissue had
the highest TRAIL levels as compared to other tissue compartments. The
pTILs also produced relatively high levels of TRAIL, while PBMCs had
the lowest TRAIL levels (Fig. 5a). IFN-y levels were highest in the tumor
tissue, followed by those in the peritumoral tissue (Fig. 5b). In the pTILs,
IFN-y levels correlated positively with granzyme B levels (both P =
0.0004). This phenomenon was also observed in the adjacent healthy
renal tissue. Contrarily, IFN-y produced by PBMCs negatively correlated
with the granzyme B produced by pTILs (P = 0.003) (Supplementary
Figure 4).

The basal production of granzyme B was relatively low in the peri-
tumoral tissue (14.1 + 7.6 pg/ml), adjacent healthy renal tissue (5.8 +
2.6 pg/ml), and the PBMC compartment (Fig. 5c¢). In addition, in the
peritumoral tissue, high basal levels of granzyme B were significantly
associated with elevated levels of CXCL9 (P = 0.0004) (Supplementary
Figure 4).

The tumor tissue had the highest levels of FasL in the non-stimulated
cell suspensions (Fig. 5d). In the peritumoral tissue, FasL expression
correlated with granzyme B levels (P = 0.006), whereas in the healthy
renal tissues, it was associated with an increase in both IFN-y and
granzyme B levels (Supplementary Figure 4).
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Fig. 5. Cytokine production by immune cells infiltrating different tissue compartments (tumor, peritumor, healthy renal tissue, peripheral blood). a: TRAIL/TNSF10;
b: IFN-gamma; c: granzyme B; d: FasL. FasL: fas ligand; IFN-gamma: interferon gamma; Kidney: healthy renal tissue; peritum: peritumor; PMBC: peripheral blood.
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TRAIL and FAS receptors are more prevalent in tissue compartments than
in peripheral blood of rcc patients

Considering the high production of TRAIL and FasL, our aim was to
explore the corresponding receptor expression for these ligands. Our
analyses in a subgroup of patients, along with two additional healthy
controls, revealed that the expression of TRAIL receptors within the
peripheral blood was particularly low in both patient and control groups
(Fig. 6a). However, within tissue compartments, this expression excee-
ded 30 %. Furthermore, when considering interindividual variability, it
became evident that some patients exhibited TRAIL receptor expression
in over 80 % of non-leukocytic cells.

The expression of the Fas receptor was observed in both immune
cells and non-immune cells across different compartments. In CD3" T
cells, the expression of Fas receptor was higher than the expression of
TRAIL receptor. As shown in Fig. 6b, FasR"CD4 and CD8" T cells were
more abundant in the tissue compartments of RCC patients than in the
peripheral blood of healthy controls. This finding aligns with prior
studies that underscore the crucial role of the Fas-Fas ligand axis in the
tumor microenvironment (TME) [32,33].

Peritumoral CD4" and CD8" T cells are the major players in the PD-1 and
PD-L1 signaling pathway

Dysregulated tumor control is a contributing factor to TIL exhaus-
tion. Given the relatively high basal production of cytotoxic cytokines by
TILs in our study, our objective was to investigate their involvement in
the checkpoint signaling through the PD-1 and PD-L1 pathway. PD-L1 is
the most widely adopted tissue-based biomarker that has become a
predictor of patient survival and response to PD1/PD-L1 monotherapy
[34-36].

Hence, we assessed the expression of PD-L1 in CD4" and CD8" T
cells, as well as in the non-leukocytic fraction, across four distinct
compartments: peripheral blood, adjacent healthy renal tissue, peritu-
moral tissue, and tumor tissue. Additionally, we included two non-
oncologic control patients and evaluated PD-L1 expression in their
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peripheral blood.

As shown in Fig. 7a, we observed significantly higher PD-L1 surface
expression in tissue compartments compared to the peripheral blood
compartment. Upon closer examination of the tissue compartments, it
became apparent that CD4" and CD8" pTILs exhibited the most pro-
nounced involvement in the PD-1/PD-L1 pathway (Fig. 7b). Interest-
ingly, PD-L1 expression in the non-leukocyte fraction of the tumor tissue
was relatively lower than in their leukocytic counterparts, suggesting
that the immune exhaustion may be result of a chronic overstimulation
rather than being primarily caused by the effects of PD-L1.

Peripheral blood T cells elicit stronger responses to stimulation than TILs
and pTILs

The highest levels of cytotoxic cytokines were produced by TILs in
the tumor compartment, presumably because of continuous antigen
exposure. We then wondered if it could further enhance this antitumor
response and cytotoxic cytokine secretion by directly stimulating T cells
from the different compartments (tumor, peritumoral tissue, healthy
kidney, and peripheral blood).

T cells isolated from the tumor tissues activated by super-
paramagnetic polymer beads increased IFN-y and PECAM-1 production,
while in the peritumoral tissue and healthy renal tissue, PECAM-1 and
FasL expression was increased. In the PBMCs, the levels of most of the
tested cytokines increased in response to T cell stimulation because this
compartment contains a high proportion of naive, unstimulated T cells
(Supplementary Table 1).

The most profound responses to stimulation were reflected in IFN-y
and CXCL-10 levels (Supplementary Table 1). Post stimulation, the
peripheral blood compartment showed the most significant increase in
IFN-y (P = 0.016) and FasL (P = 0.003) levels. These findings suggest
that tumor and peritumoral T cells may only marginally respond to
further activation signals.
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Fig. 6. The expression of Fas and TRAIL receptor in leukocyte and non-leukocyte cells A: boxplots of relative abundance of FasR/TRAIL-R positive non-leukocyte
cells infiltrating different tissue compartments (tumor, peritumoral tissue, healthy renal tissue, peripheral blood, control — peripheral blood of healthy donors). B:
boxplots of relative abundance of FasR/TRAIL-R positive CD4/CD8 T-cells infiltrating different tissue compartments (tumor, peritumoral tissue, healthy renal tissue,
peripheral blood, control - peripheral blood of healthy donors). The percentile range was set at 25 %, 50 % and 75 %. The whisker range was chosen to be between
minimal and maximal measured value. Kidney: healthy renal tissue; peritum: peritumoral tissue; PBMC: peripheral blood mononuclear cells; control: healthy

donor PBMCs.
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Increased CXCL-10 levels following stimulation are related to high FAS
ligand and IFN-y levels

The chemokines CXCL-9 and CXCL-10 allow T cells to migrate effi-
ciently into the TME [37]. In response to stimulation, elevation in
CXCL-10 level was the highest in the peripheral blood (P = 0.015),
tumor tissue (P = 0.014), and healthy renal tissue (P = 0.049) (Fig. 8a).

Furthermore, in RCC tumors, elevated levels of CXCL-10 post stim-
ulation correlated with an increase in FasL (P = 0.0004) and IFN-y (P =
0.007) levels, indicating a cooperative role of these cytokines (Fig. 8b).
In contrast, the pTILs produced more granzyme B (P = 0.02) and less
TRAIL (P = 0.01) in the presence of CXCL-10.

CXCL-9 chemokine was unrelated to clinicopathological variables or
other cytokines and tissue compartments. However, in the peritumoral
compartment (non-stimulated cells), IFN-y production was positively
associated with granzyme B (P = 0.0004) (data not shown) and CXCL-9
(P = 0.0004) production (Fig. 8c).

Discussion

Up to 30 % of patients with RCC are diagnosed at the metastatic
phase [3,9]. While immunotherapy is promising, a substantial propor-
tion of patients is resistant [38]. Previously, we have shown that RCC’s
peritumoral tissue constitutes a reservoir of cytotoxic/migratory NK
cells and T cells[16]. In the current study, we attempted to characterize
T cell subpopulations infiltrating distinct tissue compartments in pa-
tients with RCC.

CAFs are known to alter the TME composition and affect immune cell
trafficking [23]. Yet, we observed only a small proportion of CAFs,
suggesting their limited impact on T cells. On the other hand, we showed
a correlation between PECAM-1 expression in CD8" T cells and CAFs
suggesting a role of CAFs in modulation of transendothelial migration
[16,23]. We also observed a significantly higher expression of PECAM-1
in CD8" T cells as compared to CD4" T cells. Interestingly, lower
PECAM-1 levels were observed in pTILs as compared to TILs. Since
PECAM-1 expression has been implicated in various T cell processes, we
hypothesized that the downregulation of PECAM-1 in the peritumoral
compartment might play a role in protection of CD8" T cells from
excessive activation and damage in inflamed tumor tissue [28,29,39].

On the other hand, it may retain CD8" T cells in the peritumoral area to
preserve their active state before infiltrating the tumor [29,39].

For the first time in RCC tumors, we show that the CD8'T cells
predominantly use FasL, while CD4" T cells rely on degranulation via
CD107a. Additionally, a statistically significant adverse correlation be-
tween patient survival and the presence of CD4"CD107" pTILs was
observed. Given that various studies have indicated that CD4" T cells
have a significant role in antitumor immunity, we presume that the
expression of CD107a might represent a potential biomarker, and
further evaluation of its functions in intratumoral CD4 " T cells is needed
[40-42].

Although TILs and pTILS are characterized by unique surface
markers, it remains unclear whether the differences in marker expres-
sion correspond to phenotypically distinct T cells with modified function
and spatially distinct cytokine secretion profiles. Thus, we examined the
extent to which these differences could impact antitumor immunity.

TRAIL levels showed the most profound differences between com-
partments, with the highest levels in the tumor tissue. FasL and IFN-y
levels were also the highest in the tumor tissue, and positively correlated
with elevated granzyme B levels, suggesting the coordinated action of
these cytotoxic cytokines. We also stimulated the cells and, to our sur-
prise, T cell stimulation increased IFN-y and PECAM-1 expression in
TILs, and PECAM-1 and FasL expression in the pTILs and healthy tissue-
infiltrating lymphocytes. PBMCs showed an increase in the levels of
most cytokines tested following T cell-specific stimulation. The IFN-y
and CXCL-10 (highest response rate) levels reflected the most significant
responses to stimulation.

The engagement with the PD-1/PD-L1 pathway was more evident in
CD4" and CD8" pTILs as opposed to TILs. Moreover, PD-L1 expression
in the non-leukocyte fraction of the tumor tissue was relatively lower
than in their leukocytic counterparts indicating that immune exhaustion
might stem from chronic overstimulation rather than being primarily
attributed to the effects of PD-L1.

This study has several limitations. A major limitation of this study is
the small sample size of enrolled patients. Furthermore, we were only
able to observe and analyze the samples collected at a single time point,
thus, we could not track the changes that may occur in the TME over
time. Another important limitation is that, while we successfully
demonstrated the in vitro production of cytotoxic cytokines and
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elucidated various mechanisms through which TILs and pTILs may
participate in tumor elimination, we did not directly exhibit the elimi-
nation of tumor cells in controlled laboratory settings. This direct
demonstration would better illustrate the actual tumor-specific killing
capacity. Further investigation in a larger and ideally prospective study
is necessary to confirm the observed associations with clinical outcomes
and treatment response.

Conclusion

In conclusion, tumor and peritumoral T cells may only marginally
respond to further activation signals. The pool of circulating peripheral
T cells retains the capacity to respond to stimulatory signals, suggesting
that strategies enhancing T cell trafficking into tumor might be poten-
tially useful in RCC.
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