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ABSTRACT

Objectives: Tumor necrosis receptor super family (TNFRSF) plays an important role in regulating the
function of CD8" T cells. In this study, we explored the clinical significance and immune profile of
TNFRSF9" CD8* T cells in clear cell renal cell carcinoma (ccRCC)

Methods: The infiltration of immune cells was determined by immunohistochemistry in ZS cohort from
our hospital and their prognostic value was further determined by Cox regression. Functional status of
CD8" T cells in ccRCC was determined by flow cytometry in 29 fresh tumor samples. In silico analysis on
a TCGA cohort and other datasets was performed to further demonstrate our findings.

Results: High TNFRSF9" CD8" T cells infiltration was associated with inferior overall survival in ZS cohort
(p = .0016) and TCGA-KIRC cohort (p =.018). TNFRSFO* CD8™ T cells expressed higher exhaustion markers
(PD-1, TIM-3, CTLA-4, and TIGIT), and effector markers (IFN-y, GZMB, CD107a, and Ki-67), than their
TNFRSF9 negative counterparts. In silico analysis indicated the expression of TNFRSF9 was significantly
correlated with IFNG, GZMK, MKI-67, PDCD1, HAVCR2, TIGIT, and CTLA-4 in CD8" T cells. However, higher
TNFRSF9 signature was correlated with larger tumor size shrinkage (p = .003) and better progression-free
survival (p = .012) in patients treated with nivolumab but not everolimus.

Conclusion: TNFRSF9" CD8" T cells, which possessed both exhaustion and effector phenotype, were
identified as an adverse prognosticator in ccRCC. These cells enrichment was associated with better
immunotherapy response which indicated these cells potentially be crucial in immunotherapy.
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not universal among patients.” Previous studies have discov-
ered that T cell dysfunction is never a single mechanism
process,4 thus a single agent treatment may not meet
a complete response in all patients. Intuitively and experimen-
tally, high CD8" T cells infiltration is associated with
a favorable prognosis in patients with cancer.” However,
ccRCC is the distinct outlier as higher CD8" T cells density
was associated with worse outcomes in ccRCC.*” This uncon-
ventional result may indicate the distinct function status and
heterogeneity® of CD8" T cells in ccRCC. More insights could
be provided through detailed investigation and identification
of the subpopulations of CD8" T cells.”

Besides the co-inhibitory receptors, co-stimulatory recep-
tors are also required for the well-function of CD8" T cells.'
Many receptors in immunoglobulin superfamily (like CD28,
inducible T cell co-stimulator [ICOS]) and tumor necrosis
factor receptor superfamily (TNFSF) exert costimulatory
actions.'” TNFSRF9, also known as 4-1BB, was first identified
in mouse in 1989,"" and the human homolog was also dis-
covered in 1990s.'>"> Cardinally, TNFRSF9 was thought to be

Background

The advent of immunotherapy in clear cell renal cell carcinoma
(ccRCC) could be tracked back to the cytokine era.' During the
past three decades, the predominant treatment for ccRCC has
changed from cytokine therapy to targeted therapy.” However,
immune checkpoint blockade (ICB) is showing promising
potential® for treating ccRCC and is regarded as the renais-
sance of immune therapy in ¢ccRCC. In tumor microenviron-
ment (TME), T cells undergo persistent antigen exposure,
which hierarchically impairs T cell function and finally brings
T cell into a dysfunctional state called “exhaustion”.* Co-
inhibitory receptors, like programmed death-1 (PD-1), and
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), were
traditionally envisioned as exhaustion markers of T cells,
which is the theoretical basis of ICB.

For ccRCC, immunotherapy has taken the limelight since
the publishing of the CheckMate-025 study.” Agents now avail-
able in clinical practice are mainly antagonist antibodies target-
ing the PD-1 (or its ligand) and CTLA-4, such as nivolumab,
pembrolizumab, and ipilimumab. However, the response was
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an antigen stimulation inducible co-stimulatory receptor,
which transiently expressed after T cells activation.'* It
could be expressed on activated CD8" T cells, activated
CD4" T cells, natural killer (NK) cell, and endotheliocy‘[es.15
Co-stimulatory signaling mediated by TNFRSF9 could give
rise to signaling cascades within T cells, which further pro-
motes T cells proliferation, secretion of cytokines, resistance
to activation-induced cell death (AICD),'® and development
of memory T cells.'* Thus, TNFRSF9 was regarded as
a potential immunotherapy target for cancer therapy.'”
Agonist antibody targeting TNFRSF9 was reported to be
a promising way to active CD8" T cells and thus promote
the eradication of established tumors. And now some clinical
trials were launched, even though it encountered some obsta-
cles because of toxicity.'®'” Furthermore, a study on hepato-
cellular carcinoma has revealed that TNFRSF9 delineates
a distinct activation status of exhausted tumor-infiltrating
CD8" T cells®® However, recent studies suggested
a potential relationship between TNFRSF9 and T cells
exhaustion,>*' which indicated the complicated role of
TNFRSF9 in immune response. Also, the function of
TNRSF9" CD8" T cells in ccRCC has not been well
delineated.

In this study, we explored the clinical significance and
functional status of TNRSF9" CD8" T cells in ¢cRCC and
discussed the potential mechanism and application in tumor
immunotherapy.

Patients, materials and methods
Patient cohort

With approval by our Institutional Review Board (approval
number B2015-030), and based on the inclusion criteria: i)
undergone radical or partial nephrectomy at our institute;
ii) pathologically diagnosed ccRCC iii) adults with age >18-
year-old, and exclusion criteria: i) accompanied with other
malignant tumors ii) preoperative systemic treatment iii)
without complete/available follow-up/clinical/pathological
data, a total of 250 ccRCC patients between Jan 2005 and
Jan 2008 were enrolled for immunohistochemistry (IHC)
and survival analysis (this cohort was hereafter called ZS
cohort). Tissue specimens from these patients were con-
structed into tissue microarrays (TMA). Patients were rou-
tinely followed up every three months and last follow up
was May 2017. Two endpoints, death and recurrence of
disease, were analyzed. Overall survival (OS) was defined
as time from surgery to death. Recurrence-free survival
(RES) was defined as time from surgery to first recurrence.
Patients were censored if lost follow up or not reach end-
points for OS or RFS. Fresh tumor tissue samples were
obtained from 29 ccRCC patients during surgery between
December 2018 and August 2019 in our institute. Of these
29 samples, 11 of them were paired matched with peritu-
moral tissue samples and peripheral blood samples. These
fresh samples were used for flow cytometry analyses or
immunofluorescent experiments.

Reagents and antibodies

The details of antibodies, reagents, or software were provided
in Supplement Table 1.

Immunohistochemistry and immunofluorescence

TMA slides were routinely dewaxed with xylene and rehy-
drated with graded alcohol (from 100% to 75%). Antigen
retrieval was achieved by heating the slides in 0.01 M
sodium citrate buffer (pH = 6). The 10% goat serum was
used as blocking solution. Then, the slides were stained
with rabbit anti-human TNFRSF9 antibody overnight at 4°
C and subsequently stained with secondary antibody (HRP-
labeled goat anti rabbit IgG) for 30 min at 37°C. Before
staining detection with diaminoben-zidine system, the
slides were treated with 3%H,0O, for 30 min at 37°C to
inhibit the endogenous peroxidase. The slides were further
incubated with mouse anti-human CD8a antibodies fol-
lowed by staining with the alkaline phosphatase labeled
goat anti-mouse IgG antibody. The staining was detected
with the VECTOR Blue Substrate Kit followed the instruc-
tion. The staining results were observed and recorded with
Nikon microscope. The number of immune cells were
determined as the mean number of these cells in four
respective views (400X) and transformed into number
per mm®. Two pathologists who blinded to the follow-up
data manually counted the immune cells and average num-
bers were finally used. Patients in ZS cohort were divided
into two groups (high vs. low) according to the median
number of CD8" T cells (84 cells per mm?) or TNFRSF9*
CD8" T cells (8 cells per mm?). For immunofluorescence,
frozen sections were fixed on slides. Then the slides were
incubated with primary antibodies overnight at 4°C.
Secondary antibodies with Cy3 and FITC conjugation
were used. Nuclear was stained with DAPI. The slides
were viewed on confocal microscope (FV3000, Olympus,
Tokyo, Japan).

Flow cytometry

Tumor tissue and paracancerous tissues (at least 1 cm away from
tumor site) samples were obtained from surgery. Blood samples
were obtained before surgery and stored in heparin anticoagulant
tube at 4°C till experiment (commonly for 1 to 2 hours). Solid
tissue samples were firstly digested with collagenase IV at 37°C
and passed through 70 pum strainers. Then, samples were incu-
bated with red blood cell (RBC) lysis buffer to obtained single-
cell suspension while the blood samples were simply incubated
with RBC lysis buffer. After Fc receptor blocked, the cells were
stained with fluorescently labeled antibodies under 4°C for
30 min with appropriate procedures. Fixation/Permeabilization
Solution Kit or Transcription Factor Buffer Set were used under
manufacturer’s instruction if necessary. All experiments were
carried out as soon as possible after surgery. Data were recorded
with the FACS Celesta flow cytometer (BD Bioscience) and
analyzed with FlowJo V10.3 software (TreeStar).



In silico analysis

The RNA-seq and clinical data of The Cancer Genome Atlas
(TCGA) kidney clear cell carcinoma (KIRC) cohort (hereafter
called TCGA-KIRC) were downloaded from https://portal.gdc.
cancer.gov/on July 25" 2019. Single-cell sequencing data of
ccRCC, metastatic melanoma (GSE72056, by Tirosh et al.)
and liver cancer (GSE98638 by Zheng et al.)**"** were down-
loaded from the Gene Expression Omnibus (GEO) repository
(https://www.ncbi.nlm.nih.gov/gds/). Two sequencing
datasets®>?° of ICB cohort (ccRCC [anti-PD-1] and melanoma
[anti-PD-1]) were also used in our study. Especially, in the ICB
cohort of ccRCC, only samples from metastasis loci were used.
Genes’ expression was normalized to Transcripts Per Kilobase
Million (TPM) in TCGA-KIRC cohort. In other database,
genes’ expression was processed as its original form and ana-
lyzed with proper procedures. Other data, including tumor size
change, survival data, and treatment response were acquired
from previous studies.

The TNFRSF9" CD8" T cells signature was developed
through analyzed the single-cell sequencing data of ccRCC.
The CD8" T cells were defined using SingleR package.”’”
CD8" T cells with TNFRSF9 expression level higher than rest
66.67% CD8" T cells were defined as TNFRSF9" CD8" T cells.
Then the function FindMarkers in Seurat™® package v3.0 was
used to find marker genes of TNFRSF9* CD8" T cells. The top
50 marker genes (ordered by the log fold change) with signifi-
cant and positive correlation with TNFRSF9 in TCGA-KIRC
were regarded as the marker genes of TNFRSF9" CD8" T cells.
Thus, a total of 36 genes were finally defined as marker genes of
TNFRSF9" CD8" T cells. The TNFRSF9" CD8" T cells signa-
ture and other immune cells’ signature in TCGA-KIRC or ICB
cohort**® was determined by single sample gene sets enrich-
ment analysis (ssGSEA) method with these marker genes and
other immune cells’ marker genes,®' respectively. Patients
were divided into high or low TNFRSF9" CD8" T cells signa-
ture group based on “surv_cutpoint” function in survminer
package in different cohorts (TCGA-KIRC cohort cut point:
-0.042; ICB cohort [ccRCC] cut point: 1.076; ICB cohort
[melanoma] cut point: —-0.967). GSEA analysisSz’33 on
a JAVA platform with MSigDB C5 and C7 was performed in
KIRC-TCGA cohort and a ccRCC single-cell sequencing data-
base, respectively. In addition, we validated these marker genes
by examining the efficacy of the signature to predicting
TNFRSF9" CD8" T cells in another single-cell sequencing
data of liver cancer (GSE98638, Supplement Figure 2B). We
believe this TNFRSF9* CD8" T cells signature could well
simulate the TNFRSF9™ CD8" T cells density in samples with
bulk RNA sequencing data. All in silico analysis was performed
with R-3.6.0.%*

Statistical analysis

Data were shown as mean + SD or range (median) for each
characteristic. Student’s ¢ test, paired t test, or Mann-Whitney-
Wilcoxon test was appropriately used for quantitative data
comparison between groups. Categorical variables were ana-
lyzed by the Pearson chi-square test or Fisher’s exact test.
Survival curves were developed by Kaplan-Meier method and
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analyzed with log rank test. Correlation between two variables
was determined by Pearson or Spearman correlation coeffi-
cient. Prognostic value of clinical or pathological parameters
were further determined by Cox proportional hazard regres-
sion and summarized as hazard ratio (HR, 95% confidence
interval, 95% CI). Bonferonni adjustment and False
Discovery Rate determined by Benjamini & Hochberg method
were used for the correction of multiple comparison.

All tests were two-sided, and a p value <.05 was considered
as statistically significant. All analyses were performed by SPSS
software version 23.0 (IBM SPSS). Graphs were developed by
GraphPad Prism 8.0 or R-3.6.0.

Results
TNFRSF9*CD8" T cells were enriched in ccRCC tissues

As shown in Figure 1(a), TNFRSF9 expression both signifi-
cantly correlated with exhaustion markers (TIGIT, LAG3, and
PDCDI, all r = 0.8) and effector phenotype markers (CD27,
IFNG, and GZMA, all r 2 0.8) in TCGA-KIRC cohort. Through
evaluating the correlation between TNFRSF9 and other
immune cell markers (including CD8A, CD4, CD19, NCAM1,
ITGAX, CD68, TPSAPI, and CEACAMS), we found that
TNFRSF9 showed the most significant correlation with
CD8A, which indicated a strong co-expression of TNFRSF9
and CD8A (Figure 1(b) and Supplement Figure 1A-G). The
co-expression between TNFRSF9 and CD8A was further been
validated by the detection of TNFRSF9" CD8" T cells in tumor
tissue both by immunohistochemistry and immunofluores-
cence (Figure 1(c,e)). In the TCGA-KIRC cohort, the expres-
sion of TNFRSF9 was significantly higher in tumor when
compared with that in precancerous tissue (figure 1(f)).
Correspondingly, the percentage of TNFRSF9" CD8" T cells
in CD8" T cells was significantly higher in tumor samples
compared with that in peritumoral and blood samples
(Figure 1(d,g)). These results indicated that TNFRSF9* CD8"
T cells were enriched in ccRCC tissues.

The TNFRSF9* CD8" T cells were associated with the
disease progression and worse prognosis in ccRCC
patients

Since the TNFRSF9" CD8" T cells were enriched in tumor
tissue, the prognostic value of this population was investigated.
Clinical characteristics of ZS cohort were provided in
Supplement Table 2. Kaplan-Meier plot with log-rank test
showed a trend (but not significant) of worse prognosis in
patients with high CD8" T cells infiltration (Figure 2(a), p for
0S: 0.46; p for RFS: 0.23). However, the high TNFRSF9™ CD8"
T cells were associated with worse OS or RES (Figure 2(b),
p=.0016 and p= .0069, respectively). Multivariate Cox regres-
sion analysis suggested that high TNFRSF9" CD8" T cells
infiltration was still associated with inferior OS after adjusted
for sex, ECOG score, nuclear grade, age, necrosis, and TNM
stage (Figure 2(c), HR = 1.609, 95% CI = 1.032-2.507 & p=.036
in OS, and HR = 1.592, 95% CI = 0.978-2.591 & p= .061 in
RFS). In addition, high TNFRSF9* CD8" T cells infiltration
were associated with higher T stage or TNM stage, which
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Figure 1. TNFRSF9 was correlated with immune-related genes and TNFRSF9* CD8" T cells were enriched in ccRCC tissues. A) The expression of TNFRSF9 significantly
correlated with exhaustion markers (left) and effector phenotype markers (right). R: correlation coefficient, pgw: the geometric mean of the p value of correlation
analysis. B) The expression of TNFRSF9 significantly correlated with CD8A. C) The typical immunohistochemistry image of TNFRSF9* CD8" T cells high (left) and
TNFRSF9* CD8" T cells low (right). Blue: CD8a, Brown: TNFRSF9, Yellow: double positive, scale bar has been shown in the figure. D) The gating strategy of flow cytometry
(left panel: FMO). E) The typical immunofluorescence image of TNFRSF9* CD8* T cells. Blue: DAPI, Green: TNFRSF9, Red: CD8A. Yellow: Merged. F) The expression of
TNFRSF9 was significantly higher in tumor tissue in TCGA-KIRC cohort. G) TNFRSF9™ CD8" T cells were enriched in ccRCC tissues. **: p < .01, ***: p < .001.
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Figure 2. Intratumoral TNFRSF9* CD8" T cells were associated with ccRCC disease progression and prognosis. A) Kaplan-Meier plot with log-rank test showed a trend
(but not significant) of worse prognosis in patients with high CD8" T cells infiltration. B) Patients with high TNFRSF9* CD8* T cells held poor prognosis in ZS ccRCC
cohort. C) The forest plot indicated that high TNFRSF9* CD8" T cells was still associated with worse survival in ZS cohort after adjusted for some clinical/pathological

parameters. D) The alluvial plot suggested a potential relationship between TNFRSF9* CD8* T cells and disease progression. E) Similar to B), but in TCGA-KIRC cohort. HR:
hazard ratio, 95% Cl: 95% confidence interval.
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indicated a potential relationship between TNFRSF9" CD8"
T cells and disease progression (Figure 2(d)). In addition, as
shown in Figure 2(e), patients with higher TNFRSF9" CD8"
T cells signature also held a worse OS but not RFS (Cox
analysis: HR = 2.36, 95% CI = 1.16-4.81, p= .018 and
HR = 1.73, 95% CI = 0.71-4.18, p= .226, respectively; log-
rank test: p= .018 and p= .068, respectively) in TCGA-KIRC
cohort. Furthermore, in TCGA-KIRC cohort, high TNFRSF9*
CD8" T cells signature was also more frequently present in
high T stage or TNM stage (Supplement Figure 2C).

TNFRSF9*CD8" T cells held both exhausted and effector
phenotype

As described above, the expression of TNFRSF9 was signifi-
cantly associated with exhaustion markers and effector pheno-
type markers in TCGA-KIRC cohort, which delineated
a distinct and complicated role of TNFRSF9 in anti-tumor
immune response. Thus, we next to investigate the functional
status of TNFRSF9™ CD8" T cells. TNFRSF9* CD8" T cells
expressed more exhaustion makers (PD-1, TIGIT, TIM-3, and
CTLA-4) than TNFRSF9™ CD8" T cells (Figure 3(a)). On the
other hand, the expression of CD107a, Ki-67, GZMB, and IFN-
y was also increased in TNFRSF9™ CD8" T cells (Figure 3(b)).
The expression of TNFRSF9 was also correlated with exhausted
markers (TIGIT and TIM3) and effector associated molecules
(CD107a, Ki-67, GZMB, and IFN-y) in CD8" T cells
(Supplement Figure 3). The seemingly contradictory results
were further supported by the findings in ccRCC single-cell
sequencing database.”* The expression of TNFRSF9 was sig-
nificantly correlated with both exhaustion markers (e.g.
PDCDI1, LAG3, HAVCR2, CTLA4, and TIGIT) and effector
phenotype markers in CD8" T cells (e.g. GZMK, PRF1, IFNG,
CD27, and MKI67) in a ccRCC single-cell RNA sequencing
database (Figure 3(c)). Similar results were observed in liver
and melanoma single-cell RNA sequencing database
(Supplement Figure 4A). In GSEA analysis (Supplement
Figure 4B), pathways related to negative regulation and activa-
tion of T cell-mediated immune response were both enriched
in high TNFRSF9" CD8™ T cells signature group (KIRC-TCGA
cohort). Similarly, higher expression of TNFRSF9 was asso-
ciated with both exhausted T cells and effector T cells (a ccRCC
single-cell sequencing database). Collectively, these findings
indicated that TNFRSF9" CD8" T cells held a “dual pheno-
type”, which deserved further investigation.

TNFRSF9* CD8" T cells were associated with a complicated
immune contexture in ccRCC

Tumor cells, immune cells, and stromal cells constituted an
intricate and delicate balance in the TME.?® To investigate
the potential mechanisms of the formation of “dual pheno-
type” of TNFRSF9* CD8" T cells, we analyzed the relation-
ship between TNFRSF9" CD8" T cells and other immune
cells. The immune cell population was determined by
ssGSEA in KIRC-TCGA cohort. In TCGA-KIRC cohort,
the TNFRSF9™ CD8" T cells were significantly correlated
with both immune-suppressed cells (Macrophages, Tregs,
MDSCs, and Th2) and immune-promoted cells (Activated

CD4" T cells, and Thl cells, Figure 4). Interestingly, the
TNFRSF9" CD8" T cells were also correlated with
Exhausted CD8" T cells and Activated CD8" T cells,
which further supported the “dual phenotype” of
TNFRSF9" CD8" T cells.

High TNFRSF9* CD8" T cells signature was associated with
a better ICB response in ccRCC

The role of TNFRSF9* CD8" T cells in response to ICB was
analyzed in public datasets of ccRCC and melanoma from
Braun et al. and Riaz et al.,”>?® respectively. In the ccRCC
cohort from Braun et al., higher TNFRSF9" CD8" T cells
signature was associated with higher max tumor size shrinkage
in nivolumab treatment arm (Figure 5(a) left, r= —0.448,
p=.003) but not everolimus treatment arm (Figure 5(a) right,
r= 0.155, p= .397). There TNFRSF9" CD8" T cells signature
were also higher in patients with objective response (complete
response and partial response) than those with progressed
diseased group in nivolumab treatment arm (Figure 5(b) left,
p=.018) but not everolimus treatment arm (Figure 5b right,
p=.173). Higher TNFRSF9" CD8" T cells signature was asso-
ciated with better progression-free survival in nivolumab treat-
ment arm (Figure 5(c) left, log rank p= .012) but not
everolimus treatment arm (Figure 5(c) right, log rank
p=.820). In the melanoma cohort from Riaz et al., there was
a trend of higher TNFRSF9" CD8" T cells signature (pre-
treatment) in the objective response group (Supplement
Figure 5A left, p= .083), and this trend reached significance
after ICB treatment (Supplement Figure 5A middle, p=.008).
Interestingly, the TNFRSF9" CD8" T cells signature was sig-
nificantly increased after treatment of nivolumab (Supplement
Figure 5A right, p= .005). Higher TNFRSF9" CD8" T cells
signature was also associated with better progression-free sur-
vival (Supplement Figure 5B, log rank p = .040). These results
indicated that TNFRSF9* CD8" T cells might exert a crucial
anti-tumor effect in response to ICB.

Discussion

The origin of cancer immunotherapy could be tracked back to
as early as 1890s, in which Coley tentatively injected
Streptococcus pyogenes cultures into tumor patients and
archived success to some extent.’® Currently, it is growing
vigorously as immunotherapy has been recommended as first-
line treatment in many cancers. In ccRCC, high CD8 + T cells
infiltration was reported to be associated with inferior
prognosis.” This seemly paradoxical finding indicates the het-
erogeneity of CD8" T cells.® Further studies on subpopulation
of CD8" T cells are needed for the better understanding of the
immune contexture in ccRCC. Thus, in this study, we focused
on the TNFRSF9" CD8" T cells subpopulation and revealed
that this population of CD8" T cells held a “dual phenotypes”
and may play crucial role in the ICB response.

TNFRSF9 and its ligand, TNFSF9, were overexpressed in
ccRCC, compared with adjacent non-tumor tissues, which
were thought to be emerging therapeutic targets.”” As a co-
stimulatory receptor, combination therapy comprised agonist
monoclonal antibody targeting TNFRSF9 and CAR-T cells
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containing TNFRSF9 domain have been explored for therapy
of ccRCC in animal models.”®”” Results indicated that the
treatment response required CD8" T cells, which implied the
significance of TNFRSF9" CD8" T cells in ccRCC.

Correlation analysis in TCGA-KIRC cohort found that
expression of TNFRSF9 was most significantly correlated
with CD8A but no other immune cell markers. A mass cyto-
metry analyses in ¢ccRCC tumor also revealed that TNFRSF9
was more enriched in CD8" T cells.® Furthermore, our flow
cytometry results confirmed the enrichment of TNFRSF9*
CD8" T cells in ccRCC tumors (compared with peritumoral
and peripheral blood). TNFRSF9* CD8" T cell abundance was
also found in ovarian cancer by Ye et al.** The enrichment of
TNFRSF9" CD8" T cells might be associated with the activa-
tion induced expression pattern of TNFRSF9.'**!

High TNFRSF9" CD8" T cells infiltration was found to be
associated with higher T stage, TNM stage, and poor prognosis.
However, in the same cohort, high CD8" T cells infiltration
shows a trend of but not significant association with poor
prognosis, which further indicated the importance of investi-
gation on subpopulation of CD8" T cells. In addition, it must
be mentioned that the result does not necessarily mean that
TNFRSF9" CD8" T cells exert a deleterious effect on prognosis.
Further in vitro or in vivo studies are needed to investigate the
effect of TNFRSF9" CD8" T cells on prognosis of ccRCC
patients with or without ICB.

Our study found that TNFRSF9" CD8" T cells signature
significantly correlated with MDSC signature, Thl, and Th2
signature. Previous studies have revealed that the function of
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CD8" T cells was regulated by not limit to helper T cells, but
also myeloid cells.*> Thus, our findings suggested that the
function status of TNFRSF9" CD8" T cells might partly result
from the complicated interaction among immune cells (helper
T cells, CD8" T cells and myeloid cells) within the tumor.
The notion of T cell exhaustion was firstly proposed based
on researches of chronic virus infection and confirmed in TME
later,** which is now constantly being updated. Dysfunctional
T cells, or at least, some of them are not totally inert, but still
retain suboptimal function of cytotoxicity and proliferation®!
and might be required for tumor control.** Our study revealed
that TNFRSF9™ CD8" T cells held both exhaustion and effector
phenotype. Similarly, TNFRSF9 was found to be associated
with activation/dysfunction module in a mouse tumor
model.*® Studies also suggested that TNFRSF9 was co-
expressed with co-inhibitory/stimulatory receptors in tumor-
infiltrating CD8" T cells in ccRCC and other cancers,*® which
implied a “dual phenotype”. Furthermore, a scRNA sequencing
study on melanoma revealed that CD8" T cells with PD1 and
TIM3 expression are the most proliferative T cell populations
with high levels of effector molecules.”' These findings implied
that TNFRSF9* CD8" T cells in ccRCC with “dual phenotype”
may play a distinct and important role in immune response.
This “dual phenotypes” characteristic indicated the potential
immunotherapy response ability of TNFRSF9™ CD8" T cells.
Studies in metastasis melanoma patients treated with ICB sug-
gested that responding patients expressed higher levels of
TNFRSF9 or with higher TNFRSF9" CD8" T cells.*”** In addi-
tion, it was found that TNFRSF9 could be a marker of tumor-
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Figure 5. High TNFRSF9™ CD8™ T cells signature was associated with a better ICB response in ccRCC. TNFRSF9* CD8" T cells might play a crucial role in ICB response in
ccRCC. A) Higher TNFRSF9* CD8™ T cells signature was associated with higher tumor size shrinkage in nivolumab treatment arm (left) but not everolimus treatment arm
(right). B) TNFRSF9* CD8" T cells signature was higher in objective response group than progressed disease group in nivolumab treatment arm (left) but not everolimus
treatment arm (right). C) Higher TNFRSF9*™ CD8* T cells signature was associated with better progression-free survival in nivolumab treatment arm (left) but not
everolimus treatment arm (right).
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reactive CD8" T cells and TNFRSF9* T cells mediated superior
antitumor effects than TNFRSF9™ T cells.** This “dual pheno-
types” of TNFRSF9" CD8" T cells indicated that these cells may be
not terminally exhausted,”’ but could respond to ICB. A study
focused on hepatocellular carcinoma also revealed that TNFRSF9
was a distinct activation status marker of highly exhausted CD8"
T cells and TNFRSF9* PD1"8" CD8* T cells exhibited higher
activation markers than their TNFRSF9~ counterparts.”® In
ccRCC, higher TNFRSF9" CD8" T cells signature was signifi-
cantly associated with higher shrinkage of tumor size and better
response to ICB. This could be partly explained by the high
expression of both PD-1 and effector phenotype markers in
TNFRSF9* CD8" T cells. Furthermore, the observation that
high tumor shrinkage was correlated with high TNFRSF9*
CD8" T cells signature in nivolumab treatment arm but not
everolimus treatment arm further suggested a potential role of
TNFRSF9" CD8" T cells and its predictive value in response of
ICB in ccRCC.

Since exhausted T cells were thought to be maintained by
persistent antigen stimulation*” and TNFRSF9 expression
could be prolonged if the antigen persists,” TNFRSF9 may
thus promote the maintenance of dysfunctional T cells. These
results further indicated the densities of TNFRSF9" CD8"
T cells in tumor samples might be used as a predictor of ICB
response in ccRCC. Furthermore, it was found that activation
of TNFRSF9 could reverse the dysfunctional state of CD8"
T cells.”">* Nowadays, some clinical trials regarding the com-
bination of TNFRSF9 agonist antibody and other immunother-
apy agents have been launched,” which made the TNFRSF9
a promising novel immunotherapy target in ccRCC.

Conclusion

This study identified that TNFRSF9"™ CD8" T cells were
enriched in ¢ccRCC and could be applied as a prognosticator.
This subpopulation of CD8" T cells was held both effector
phenotype and exhausted phenotype. High enrichment of
TNFRSF9" CD8" T cells was associated with superior response
of ICB in ccRCC, which indicated that they could be
a predictor of immunotherapy and a novel therapy target.
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