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ABSTRACT ARTICLE HISTORY

Renal cell carcinoma (RCC) is recognized as an immunogenic tumor, yet tumor-infiltrating lymphocytes Received 5 January 2025
often exhibit diminished effector function. However, the mechanisms underlying reduced T and NK cell Revised 11 March 2025
activity in RCC remain unclear. Here, we examined the immune contexture in RCC patients undergoing Accepted 13 March 2025
nephrectomy to identify immune-related biomarkers associated with disease progression. Immune cell KEYWORDS
phenotypes and secretion profiles were assessed using flow cytometry and Luminex multiplex analysis. Biomarkers; CXCL8: NK cells;
Supervised multivariate analysis revealed several changes of which frequencies of T and NK cells expres- PD-1; prognosis; renal cell

sing CCR5, CXCR3, and PD-1 were elevated within tumors compared with peripheral blood. In addition, carcinoma; T cells
higher levels of regulatory T cells, PD-1+, and CXCR3+ T and NK cells were observed in patients with

relapse following nephrectomy. With regards to soluble factors, tumor-derived CXCL8 was associated with

higher Fuhrman grade and increased frequency of polymorphonuclear myeloid-derived suppressor cells

(PMN-MDSCs). These biomarkers demonstrate potential relevance in the progression of RCC and merit

further investigation in prospective studies.

Background patient's prognosis. For example, the frequencies of polymor-
phonuclear (PMN) and monocytic (M) myeloid-derived sup-
pressor cells (MDSCs) and regulatory T cells (Treg), but also the
expression of HLA-G on tumor cells are elevated in RCC
patients and associated with worse overall survival.'*"*>

The mechanisms governing infiltration and activity of
immune cells in RCC are poorly understood. In this study,
we investigated immune cell phenotypes and secretion signa-
tures in blood and tumors of RCC patients with localized
disease and performed supervised multivariate analysis to cor-
relate such immune signatures with disease parameters. Several
cellular and soluble factors, including programmed cell death
protein 1 (PD-1) positive T and NK cells are enriched in low-
stage RCC tumors, and chemokine (C-X-C motif) ligand
(CXCL) 8 levels are higher in high-grade tumors and correlate
with a poor prognosis in RCC patients.

Renal cell carcinoma (RCC) is the most common form of
kidney cancer, comprising approximately 90% of all kidney
malignancies. Although localized tumors are effectively surgi-
cally removed, approximately 20% of patients relapse, thereby
emphasizing the need for reliable biomarkers to identify
patients with a heightened risk of recurrence.'

The tumor microenvironment (TME) of RCC is inherently
complex, characterized by hypoxia, activity, an abundance of
soluble immunoregulatory factors as well as a dynamic inter-
play between cancer immune cells and stromal cells. Immune
cells play an important role in RCC progression as evidenced
by the incidence of spontaneous regression,” as well as respon-
siveness to immune checkpoint inhibition.’

RCC tumors are highly infiltrated by immune cells and con-
tain, in contrast to many other solid tumors, high frequencies of
natural killer (NK) cells, which have been linked to improved
patient outcome.*® However, RCC-infiltrating NK cells have Materials and methods
a suppressed phenotype and defects in proliferation, cytokine
production, and cytotoxicity.**"'! There are many potential
factors that contribute to impaired function of tumor- The study was approved by the Regional Ethical Review Board
infiltrating lymphocytes, which are also associated with a poor in Stockholm and adheres to the Declaration of Helsinki

Patients and sample collection
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(Ethical approval # 2013-570-31). Following written informed
consent for participation in the study, blood samples were
collected at the time of surgery and at a median of 46 days
(range: 31-71 days) after surgery from 14 patients (Table 1 and
Table S1). The median follow-up time after surgery is 9 years
and 11 months. Peripheral blood was collected in heparinized
tubes, and plasma was recovered by centrifugation. Remaining
cellular sediment was used for Ficoll density gradient isolation
(Ficoll-Paque plus, GE Healthcare) of peripheral blood mono-
nuclear cells (PBMC). Pieces of surgically resected primary
tumors were either embedded in OCT (VWR) or snap-frozen
in liquid nitrogen and stored at —80°C. Tissue lysates were
prepared from snap-frozen tissue using CelLytic MT extraction
buffer according to the manufacturer’s procedure (Sigma).
Protein concentration was measured using NanoDrop™
(Thermo Fischer Scientific), and protein concentrations were
equalized between blood and tumor samples. To obtain single-
cell suspensions, freshly isolated tumor samples were cut and
passed through a metal sieve with 80 um mesh size (Bellco
Glass), followed by filtration through a 70 um and 40 pm cell
strainer. No enzymes were used for the isolation of single-cell
suspensions.

Flow cytometry

Blood and tumor cell suspensions were stained with antibody
mixes (Tables S2 and S3) within 2 hours after collection follow-
ing incubation with 100 ug human intravenous IgG (Thermo
Fisher Scientific) to block unspecific binding. The post-surgery
blood sample from patient 8 as well as both blood samples and
the tumor cell suspension from patient 9 were cryopreserved in
fetal bovine serum (FBS) with 10% DMSO and analyzed by
flow cytometry at a later time point. Cells were incubated with
fluorescence-conjugated antibody mixes at 4°C for 30 min for
surface marker staining. Intracellular staining was performed
following the protocol of Fixation/Permeabilization Kit (BD

Table 1. Patient characteristics.

Patients, n 14
Age, median (range) 70 (35-83)
Gender, n (%)

female 9 (64)
male 5 (36)
Histology, n (%)

clear cell 11 (79)
papillary type 2 2(14)
chromophobe (sarcomatoid) 1(7)
Fuhrman grade, n (%)

1 -7 (50)
2 5(36)
3 1(7)
4 1(7)
NA*

pT stage, n (%)

T1 8 (57)
T2 4 (29)
T3 2 (14)
Follow up, n (%)

alive, disease free 11 (79)
alive, progressed 2 (14)

dead of disease 1(7)

*Chromophobe histology.

Biosciences) or Transcription Factor Staining Buffer Set
(Thermo Fisher Scientific). LIVE/DEAD Fixable Near-IR
Dead Cell Stain kit (Thermo Fisher Scientific) was used to
exclude dead cells. PBMC was cultured with RCC cell lines
A498, 786-0, and Caki-1 (ATCC) at a 2:1 ratio for 2 days and
thereafter analyzed for the expression of PD-1 on T and NK
cells. Cells were acquired by flow cytometry using the Novocyte
(ACEA Biosciences) instrument. Data analysis was performed
with FlowJo software (v10.8.1). Gating strategies for individual
cell populations are shown in Figure S1.

Multiplex analysis of cytokines and chemokines

Soluble factors in pre- and post-surgery plasma as well as in
tumor lysates from RCC patients were quantified using a 40-
parameter Bio-Plex Pro Human Chemokine Panel and a 37-
parameter Bio-Plex Human Inflammation Panel (Bio-Rad) on
a Milliplex Magpix instrument (Merck Millipore) according to
the manufacturers’ instructions. In total, 67 analytes were used
for further analysis after exclusion of those with more than 50%
missing values for either sample type.

Cluster heatmap

Variables with more than 50% of values missing across tumor
and pre- and post-surgery blood samples were removed and
those remaining were used to cluster samples (row scaled,
Pearson correlation, average linkage) in a semi-supervised
manner with the heatmap3 package in R version 3.4.2.

Multivariate data analysis

The multivariate statistical tools Orthogonal Projections to
Latent Structures (OPLS) and OPLS-Effect Projections (OPLS-
EP) were applied to find correlations between 177 blood-
derived and 154 tumor-derived variables obtained from flow
cytometry (cellular) and multiplex analyses (soluble) (X) and
clinical parameters or effects (Y). OPLS is a supervised model-
ing approach that separates the systematic variation in X into
a predictive component t' that is correlated to Y and an
orthogonal component to' that is unrelated to Y.'* OPLS-EP,
a multivariate version of a paired t-test'” was used to investi-
gate differences between tumor and blood parameters as well as
between blood parameters before and after surgery. An “effect
matrix” that contains the differences between each paired
variable for each patient was created by means of subtraction,
and OPLS was used to find the relation between this matrix and
the target vector Y (here termed “effect”; target values were set
to 1). For OPLS, data were scaled to unit variance and mean-
centered prior to analysis. For OPLS-EP, data were scaled to
unit variance, but not mean-centered. Model quality was
assessed by internal cross-validation and described by the
parameters R? (explained variation) and Q? (predictive ability),
with a value of 1% or 100% indicating a perfect model. For
biological data, a Q* value of >0.4 or 40% is generally consid-
ered as good predictive capacity.'"® Model loadings represent
the influence of the original variables on OPLS components.
Variables significantly contributing to the clinical parameters
or projected effects were thus reported as OPLS predictive



loadings and their 95% jack-knife confidence intervals. Some
OPLS loadings plots show only the most influential model
variables selected based on indicated VIP (Variable
Importance for Projection) values and absolute values of load-
ing weights scaled as correlation coefficients. All multivariate
analyses were performed using SIMCA 14.1 software (Sartorius
Stedim Biotech).

TCGA data analysis

The transcriptome profiling data of ccRCC samples, along
with their corresponding clinical annotations, were acquired
from The Cancer Genome Atlas (TCGA-KIRC) in
September 2023. Patients lacking survival information or
follow-up time were excluded from the analyses. The thresh-
old for high and low expression levels of CXCL8 was set at
50%. The log-rank test was utilized to assess statistical dif-
ferences in overall survival and disease-specific survival, and
survival curves were generated using Kaplan-Meier analysis.
In various clinical groups, which include Fuhrman grade,
primary tumor stage, and the presence or absence of new
tumor events, the expression level of CXCL8 was compared
and analyzed using an unpaired t-test.

Statistics

Paired and unpaired Student’s ¢-tests were performed for indi-
vidual comparisons of two paired and unpaired groups, respec-
tively, that had a normal data distribution. Non-normally
distributed paired groups were analyzed with Wilcoxon
matched-pairs signed rank tests. For multiple unmatched
group comparisons with non-normally distributed data,
Kruskal-Wallis tests with the two-stage step-up method of
Benjamini, Krieger, and Yekutieli were applied. Correlation
analyses were performed using Pearson correlation for normal
distributed data and Spearman correlation for non-normal
distributed data. Significance was defined by p-values less
than 0.05 using a two-tailed test. *, p <0.05; **, p <0.01; ***,
P <0.001; ****, p < 0.0001, and ns = not significant.

Results

Immune cell and secretory phenotypes in blood and
tumors of RCC patients

To investigate immune signatures in RCC, cellular and soluble
factors of blood and tumors of RCC patients with locally restricted
disease were analyzed (Figure 1a and Table 1). Flow cytometry
panels were designed with a focus to investigate T and NK cell
activation and migration as well as the frequencies and function of
Treg and MDSC (Table S2). While no significant differences were
observed in lymphocyte frequencies between pre- and post-
surgery blood and tumors, the frequency of myeloid cells was
significantly lower in post-surgery blood (median 16%) compared
with pre-surgery blood (median 30%, p = 0.034). The lymphocyte
frequencies exhibited greater variability in tumors compared to
peripheral blood, indicating higher heterogeneity (Table 2).

A semi-supervised hierarchical clustering algorithm was
used to differentiate between tumor and pre-surgery blood
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samples based on immune cell populations and secretion phe-
notypes. Tumors displayed overall higher chemokine and cyto-
kine levels and an accumulation of CD8 T cells compared with
peripheral blood (Figure 1b, red subgroup, and Table S4a).
Additionally, an elevated expression of chemokine receptors,
primarily chemokine (C-C motif) receptor (CCR) 5 and che-
mokine (C-X-C motif) receptor (CXCR) 3, as well as increased
levels of PD-1 on T and NK cells was observed in tumors
(Figure 1b, blue subgroup, Figure S2a-b, and Table S4b).
Since the frequency of PD-1 was higher in tumors compared
with blood in both T and NK cells, we investigated if contact
with tumor cells increase the expression of PD-1 on T and NK
cells. Indeed, the frequency of PD-1 positive T and NK cells
was significantly increased upon culture with tumor cells
(Figure S2C). The disparity between blood and tumor for
these markers was less distinct than that observed for chemo-
kines and cytokines. In contrast, peripheral blood was marked
by a heightened expression of DNAX accessory molecule-1
(DNAM-1) on both T and NK cells and of the chemokine
receptor CXCR2, specifically on NK cells (Figure 1b, green
subgroup, and Table S4c).

Given the observed changes in immune repertoires between
tumors and peripheral blood, a paired comparison using the
multivariate statistical analysis tool Orthogonal Projections to
Latent Structures (OPLS) that has been further developed to
OPLS-Effect Projections (EP) to account for paired sample infor-
mation was used.'” In the resulting model, 42% of the variability in
the data was due to the analyzed tissue (blood vs. tumor), and the
model could explain 99% and predict 95% of it (Table S5). The 96
significant predictive loadings were consistent with the heat map
patterns from the hierarchical clustering algorithm (Table S6).

Similar to the results from the hierarchical clustering algorithm,
multivariate OPLS-EP modeling showed that the expression of the
chemokine receptors CCR5 and CXCR3 were higher on intratu-
moral T and NK cells compared with peripheral blood T and NK
cells. In contrast, a reduced expression of CXCR2 was observed in
intratumoral NK cells compared with peripheral blood NK cells
(Figure 1c and Table S7). The majority (55%) of the assessed
parameters that were enriched in patient tumors compared with
peripheral blood were cytokines, primarily with an inflammatory
function, comprising 75% of all modeled soluble factors. The most
influential variable for the distinction was the tumor necrosis
factor (TNF) superfamily member APRIL with a 27-fold higher
concentration in tumors than in plasma (p < 0.0001). Other TNF
family ligands, including BAFF, TWEAK, and TNF-a, were also
enriched in tumors compared with blood. Chemokines that accu-
mulated in tumors and influenced the distinction from blood
included ligands for the chemokine receptor CXCR2 (CXCL1,
CXCL2, CXCL6, and CXCL8) and CXCR3 (CXCL9 and
CXCL11) (Table S6). Together, these results highlight differences
in immune cell parameters in blood and tumors in RCC patients
with locally restricted disease.

Immune secretome is associated with tumor stage in RCC
patients

Since the majority of the assessed parameters enriched in
tumors compared with peripheral blood were soluble factors,
a comprehensive analysis of 52 chemokines and cytokines was
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Collection of peripheral blood and tumor
samples from RCC patients (n=14)
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Figure 1. Immune cell phenotypes and secretion profiles in peripheral blood and tumors of RCC patients. (a) Experimental and analysis workflow of sample collection
and analysis. (b) Semi-supervised hierarchical clustering of immune cell and soluble factor variables in tumor and pre-surgery blood. Compositions of three subgroups
are summarized in pie charts. Three distinct subgroups were separated based on differences in the expression of chemokines and cytokines (red), chemokine receptors
and Ki67 (blue), and DNAM1 and the chemokine receptors (green). Details of specific cell phenotypes and secretion profiles are specified in Table S4A-C. (c) OPLS-ep
analysis of differences between paired tumor and blood variables for each patient at the time of surgery. Immune cell and soluble variables enriched or reduced in
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Table 2. Frequencies of immune cell populations.
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Blood pre-surgery

Median (range)

Blood post-surgery Tumor

Median (range) Median (range)

T cells (% of lymphocytes) 72 (56-92) 74 (42-84) 70 (28-87)
NK cells (% of lymphocytes) 19 (3-37) 16 (6-37) 20 (2-65)
Treg (% of T cells) 1.74 (0.25-4.43) 1.54 (0.64-5.59) 1.71 (0.06-11.3)
Myeloid cells (% of PBMC) 30 (10-90) 16 (4-61)

performed in tumor lysate, pre-surgery and post-surgery
plasma. Although the majority of the detected chemokines
were found at higher concentrations in tumor lysates com-
pared to blood, MMP-2, CCL15, and sIL-6 Ra/p were observed
at elevated levels in patient blood relative to tumor lysates
(Figure 2a). When coupled with analysis of clinical parameters,
a general trend toward higher concentrations of chemokines in
low-stage tumors (primary tumor (pT) stage 1) compared with
advanced tumors (pT stages 2 and 3) was observed (Figure 2b).
However, this distinction was not evident based on Fuhrman
grades (Figure 2c). Univariate analysis confirmed that secre-
tome profiling delineated low-stage tumors with significantly
higher levels of soluble factors including CCL7, CCL15,
CCL22, CCL25, IL10, IL16, and sTNF-R1 (Figure S3A).
Unlike tumor lysates, no trend of higher concentrations of
soluble factors in pre-surgery plasma samples were observed
in patients with low-stage tumors (Figure S3B). Similar to
tumor lysates, no trend of higher concentrations of soluble
factors in pre-surgery plasma samples was found based on
Fuhrman grade (Figure S3C). Still, selected soluble factors
including CCL27, CXCL10, and CXCL9 were present at higher
levels in patients with low-stage tumors (Figure S3D).
Together, these results suggest that low-stage RCC tumors
are more inflamed.

Low-stage RCC tumors are enriched for peripheral blood
PD-1* T and NK cells

Given differences in selected tumor-derived soluble factors in
low vs. high stage RCC tumors, supervised OPLS analysis was
applied to correlate the pT stage and variables measured in the
tumor. Although a lower pT stage was associated with the
presence of inflammatory cytokines and chemokines as well
as with high DNAM-1 expression on NK cells, the model could
explain 60% and predict 32% of the variation, which should
thus be interpreted with caution (Table S5 and Figure S4a).
An analogous OPLS model assessing blood variables sepa-
rated patients according to their pT stage and explained 94% of
the variation, albeit with a predictive ability of 36% (Table S5).
The distinction was based on 13 significant predictive loadings.
Among cellular components, low-stage tumors had a higher
CD8" to CD4" T cell ratio (Figure S4b). Furthermore, a high
PD-1 expression on peripheral blood NK and CD8" T cells was
associated with a lower pT stage. In contrast, high expression of
CXCR2 on T cells was associated with a high pT stage (Figure
S$4b). In univariate analysis, PD-1 expression was 78% lower on
CD56%™ NK cells (p=0.010) and 80% lower on CD8" T cells
(p=0.0109) in pT2 when compared with pT1 patients
(unpaired t-test, Figure S4c). These results demonstrate that

high PD-1 expression on T and NK cells is associated with
lower tumor stage.

Tumor-derived CXCL8 correlates with high Fuhrman
nuclear grade

Since differences in immune parameters were observed
between low and high stage RCC tumor, supervised OPLS
analysis was next applied to investigate putative associations
between the Fuhrman nuclear grade and immune variables
in blood and tumors. The resulting model for blood vari-
ables had a predictive ability of only 4% for the Fuhrman
grade (Table S5). On the other hand, the model calculated
with tumor variables could separate patients according to
their Fuhrman grade and explain 96% of the variation with
a predictive ability of 56% based on 16 significant predictive
loadings (Figure 3a). Tumors with a higher Fuhrman grade
showed increased frequencies of regulatory T cells and
CXCR3* CD56"8" NK cells and T cells (Figure 3a,b). The
most influential soluble factor in the OPLS model was
CXCLS8, which was significantly increased in tumors with
a higher Fuhrman grade (Figure 3a,c).

To investigate if surgical removal of the tumor influences
immune parameters, OPLS analysis was applied to pre- and
post-surgery blood samples. The generated model identified 32
significantly different variables (Table S5 and Figure S5A).
While no differences in CXCL8 levels were observed, the
expression of other soluble factors including CCL20,
CXCL13, IL-6, and APRIL was higher in pre-surgery vs. post-
surgery blood (Figure S5B). Among cellular compartments,
proliferation of CD56%™ NK cells showed the greatest differ-
ence between pre- and post-surgery blood. The frequency of
Ki67" cells CD56%™ NK cells proliferated less after surgery
regardless of their CD57 or NKG2A status (Figure S5C).
Also, among cellular compartments, the frequencies of total
myeloid cells and inducible nitric oxide synthase (iNOS) posi-
tive myeloid cells were higher in pre-surgery compared with
post-surgery blood. Furthermore, the frequency of PMN-
MDSCs, but not M-MDSCs, was significantly lower in post-
surgery compared with pre-surgery peripheral blood
(Figure S5C).

Since CXCLS can influence the recruitment of MDSCs,'” we
investigated if the frequency of MDSCs correlates with CXCL8
levels in blood. Indeed, CXCLS8 levels did correlate with the
frequency of PMN-MDSC, but not with that of M-MDSCs
(Figure 3d). These results demonstrate that CXCL8 levels are
higher in high-grade tumors and surgical removal of primary
RCC influences both lymphoid and myeloid cellular compart-
ments as well as specific soluble factors.
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CXCL8 and IFN levels correlate with disease relapse in
RCC patients undergoing nephrectomy

Given the risk of relapse following nephrectomy, the identifica-
tion of reliable biomarkers to predict relapse is mandatory.
Within our cohort, three patients relapsed (Table 1 and Table
S1). In these patients, several T and NK cell populations were
present in blood at different frequencies compared with patients
without relapse. For example, the frequency of pre-surgery reg-
ulatory T cells, PD-1* and CXCR3+ T and NK cells was higher in
relapse patients compared with non-relapse patients (Figure 4a).
With regards to soluble factors, interferon (IFN)  and albeit not
significant CXCL8 were lower and higher in relapse and non-
relapse patients, respectively (Figure 4b). Notably, CXCL8 was
associated with increased frequencies of PD-1 positive T and NK
cells in blood (Figure S5d).

Since CXCL8 was observed at higher concentrations in
patients with higher Fuhrman grade, the prognostic value of
CXCL8 across TCGA database was investigated. Indeed,
CXCL8 correlates with the Fuhrman grade rather than the
tumor stage, which is also consistent within our patient cohort

(Figure 4c). Furthermore, high expression of CXCL8 is asso-
ciated with poorer overall and disease-specific survival in RCC
patients (Figure 4d). In addition, patients, who exhibited a new
tumor event following their initial treatment, displayed a higher
baseline expression of CXCL8 in their primary tumors compared
to patients, who did not manifest new tumors after treatment
(Figure 4e). Since the levels of IFNp were significantly higher in
non-relapse patients, we analyzed the ratio between CXCL8 and
IFNp with regards to relapse in our cohort. Indeed, patients who
relapse had a significantly higher CXCL8 to IFN( ratio in pre-
surgery blood (Figure 4f). Taken together, these findings demon-
strate that CXCL8 levels in both tumors and blood correlates
with a poorer prognosis in patients with localized RCC, and
further studies are warranted to investigate CXCL8 as
a potential biomarker in patients with RCC.

Discussion

Using multivariate analysis of cellular compartments and solu-
ble factors in blood and tumors of RCC patients undergoing
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Figure 4. CXCL8 and IFNB levels correlate with disease relapse in RCC patients undergoing nephrectomy. (a) Significant changes (p < 0.05) of cellular factors displayed as
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surgical removal of their primary tumor, we here describe
several putative biomarkers related to disease parameters.
Among the most prominent changes in tumors were higher
frequencies of T and NK cells expressing the chemokine recep-
tors CCR5 or CXCR3 compared with T and NK cells in per-
ipheral blood. Our data is consistent with previous reports that
found that the majority of tumor-infiltrating CD4" and CD8"
cells express CCR5 in contrast to cells in the peripheral blood
in patients with RCC.>**?! The expression of CCR5 on tumor-
infiltrating NK cells has not been well studied in the context of
human cancers, but CCR5 has been shown to mediate NK cell
homing to murine tumors and to sites of inflammation in the
context of infection and autoimmunity in both humans and
mice.”»** The CXCR3/CXCR3 ligand axis is crucial for the
recruitment of activated T and NK cells to tumor and inflam-
mation sites.”**> This axis has been shown to play a role to
mediate tumor regression in a murine model of RCC and
associated with favorable outcomes in RCC patients.>**?°
Our results that the expression of CXCR3 was higher on
CD8 T cells and NK cells in RCC tumors compared with
peripheral blood are in agreement with earlier studies in RCC
patients showing that the majority of intratumoral T cells
express CXCR3.2%*!

Both T and NK cells expressed higher levels of PD-1 within
the tumor compared with peripheral blood. These results agree
with a recent study showing higher frequency of PD-1 positive
T and NK cells within the tumor compartment compared with
peripheral blood.”” Our results are furthermore in agreement
with those of MacFarlane et al. that reported increased levels of
PD-1 expression on peripheral blood CD56%™ NK cells and on
effector and effector memory CD8" T cells of patients with
stage 1 and stage 4 RCC compared with healthy controls.”®
Here, we report that PD-1 expression is higher on peripheral
blood NK and CD8" T cells in RCC patients with lower pT
stages. Although induction of PD-1 on NK cells in a tumor
setting is not well established, PD-1 has been reported to be
elevated on tumor-associated NK cells of patients with ovarian
and hepatocellular carcinomas.””° Since PD-1 expression on
tumor-infiltrating lymphocytes and programmed death-ligand
1 (PD-L1) expression on tumor cells have been associated with
poor clinical outcome in RCC patients,'**"** it may be of value
to explore anti-PD-1/L1 immune checkpoint therapy in
a neoadjuvant setting. However, a recent Phase II trial of
neoadjuvant sitravatinib plus nivolumab in patients under-
going nephrectomy for locally advanced RCC did not substan-
tially increase the overall response rates.”> We previously
reported that RCC-infiltrating NK cells express lower levels
of DNAM-1 compared with peripheral blood NK cells.”* Here,
we extend these findings and show that DNAM-1 positive NK
cells are enriched in low stage and grade RCC.

The majority of the investigated soluble factors were
enriched in RCC tumors compared with plasma, indicating
an inflammatory TME. The intratumoral TNF superfamily
member APRIL, the factor with the greatest impact on the
separation between tumors and blood, as well as TNF-a have
been shown to be expressed in more aggressive and advanced
RCC tumors and associated with poor survival.>>3% In general,
there was a trend toward higher levels of inflammatory cyto-
kines in low-stage tumors, indicating that these tumors are
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inflamed. In contrast, no such trend was observed based on
tumor grade.

Upon surgical removal of the primary tumor, the concen-
tration of several cytokines decreased. Within cellular com-
partments, no change in Treg frequencies was observed, as has
been reported previously.”” Yet, while there was no difference
between tumors and peripheral blood, high intratumoral Treg
frequencies were associated with a higher Fuhrman nuclear
grade. These results are in agreement with Liotta et al., who
reported that intratumoral Treg frequencies correlated with
both the primary tumor stage and nuclear grade.’® MDSCs
play an important role in RCC. The frequencies of MDSCs
are increased in metastatic RCC patients compared with
healthy individuals and is negatively correlated with the survi-
val of patients treated with a peptide vaccine.'” It has also been
described that PMN-MDSCs is the dominant subset of MDSCs
to infiltrate RCC tumors to suppress T cell function through
the production of reactive oxygen species, nitric oxide, and
arginase 1.>°*! Although no difference in blood MDSCs fre-
quencies between high and low stage or grade patients was
observed, decreased frequencies of blood myeloid cells and in
particular PMN-MDSC were observed following surgery.

In addition to increased Treg frequency in high-grade
tumors, the frequency of CXCR3*/CD56""¢" was higher in
high-grade tumors. Furthermore, CXCL8 was significantly
higher in high-grade tumors compared with low-grade tumors.
CXCLS, a chemokine able to attract cells expressing the
CXCR2 receptor. CXCR?2 ligands including CXCL8 have pre-
viously been shown to play important roles in RCC progres-
sion. For instance, they are associated with angiogenesis, tumor
growth, metastatic potential, and attraction of PMN-
MDSCs.'****>*> Najjar et al observed a correlation between
the infiltration of the PMN-MDSCs in RCC with the expres-
sion of IL-1f, CXCL8, CXCL5, and MIP-10.* Here, we extend
these observations demonstrating a positive association
between CXCL8 levels and PMN-MDSCs frequencies in per-
ipheral blood. Elevated serum levels of CXCL8 are found in
various cancers including RCC and is associated with high
tumor burden and an unfavorable prognosis.37’42’44"47 Also,
Corro et al. showed that CXCL8 along with CXCR1 expression
is associated with cancer stem cell-like properties of RCC.*®

Changes in serum CXCL8 can serve as a biomarker to
monitor immunotherapy outcomes when using checkpoint
inhibitors.**** Two clinical studies treating patients with
advanced RCC, urothelial carcinoma, melanoma, and non-
small-cell lung cancer with immune checkpoint inhibitors
showed that a high baseline level of CXCL8 was associated
with poor survival.”>>' With regards to potential biomarkers
of relapse following nephrectomy, we found that PD-1 and
CXCR3 positive T and NK cells were present at higher fre-
quencies in patients with relapse. Notably, we also found
higher and lower levels of CXCL8 and IFN in relapse patients,
respectively.

In conclusion, we report multiple changes in cellular
and soluble factors in patients with RCC undergoing
nephrectomy (Figure 5). In addition, we highlight several
potential immune-related disease progression biomarkers in
peripheral blood and tumors of RCC patients. However,
serum levels of CXCL8 represent among the most notable



10 L. TONG ET AL.

a
Inflammatory cytokines
CCR5andPD-TonTand ([
" | NKcells tumor
o 0
Ci—' “| DNAM-T on T and NK cells | |
CXCR2,CD16, TRAIL and || tumor
CD57 on NK cells
] ]
51 51
é Surgery &
—_—
e.g. CCL20, CXCL13 NKG2D* CD8 T cells
CD56bri NK cells CD4 T cells
PMN-MDSC CD56dim NK cells
~ Higher in pre-OP Higher in post-OP
(o3

DNAM-1 NK (Tum) b
e.g. IL-16, IL-10, CXCL9 (Tum)
PD-1* T&NK cells (PB)

Primary tumor stage

CD57 "NKG2A NK (Tum)

DNAM-1* NK cells (Tum)
CCR5* T cells (Tum)

CD16* NK cells (Tum)
Fuhrman grade

CXCR3* T&NK cells(Tum)

CXCL8(Tum)
Treg (Tum)
Treg
@t
Y ONK T
¢ & Y & PD-1
@& CXCR3

% oo cxcls 4

[Non-relapse) vs[ Relapse} ‘00 IFNB ¢
]

NK

© DNAM-TY

d

Figure 5. Cellular and soluble factors in RCC patients. (a) Difference of immune phenotypes and secretome between blood and tumor. (b) Correlation of tumor and
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findings, where higher levels are present in more aggressive
tumors and in patients with relapse. Despite limitations in
sample size and diversity of our cohort, our findings war-
rant for further detailed investigation of CXCL8, potentially
coupled with analysis of IFNp levels, to identify high-risk
patients following nephrectomy. Furthermore, since
CXCL8 has been shown to upregulate the expression of
PD-1 on T cells it may be of value to explore combined
PD-1 and CXCL8 blockade.”® Indeed, Liu and colleagues
recently showed that CXCL8 blockade synergizes with PD-
1 blockade to delay tumor progression in a model of
murine glioma.”
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