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Abstract

Objectives: Renal cell carcinoma (RCC) is the most lethal urologic malignancy with increasing incidence worldwide. The conventional

treatment strategies for advanced or recurrent RCC are not efficient and show considerable toxicities. Adoptive cell transfer (ACT) has

become a promising treatment option for multiple cancers, particularly in combination with other therapeutic approaches. ACT often uti-

lizes extensively in vitro expanded tumor-infiltrating lymphocytes (TILs). However, TILs are a very heterogeneous mix of cell populations

and only those populations that have a cytotoxic and migratory potential are thought to deliver a therapeutic impact in ACT. The identifica-

tion and localization of these therapeutically potent populations are therefore needed.

Methods and materials: A total number of 57 tissue samples from 19 RCC patients who underwent radical nephrectomy was analyzed.

The tissue samples were obtained from the tumor, peritumoral tissue, and the adjacent healthy renal tissue. The tissues were sliced, enzy-

matically dissociated into single cell suspensions and the obtained cells further analyzed by flow cytometry for the expression of markers of

lymphocyte cytotoxicity − TRAIL and FasL, and a surrogate marker of lymphocyte migratory activity − PECAM-1. The analyzed data

were next correlated with the clinical and histopathological data.

Results: Non-clear cell RCC (non-ccRCC) tumors showed a significantly decreased tumor infiltration with TRAIL+FasL+ NK cells but

elevated infiltration with FasL+PECAM-1+ T cells as compared with clear cell RCC (ccRCC) tumors. Further analyses revealed that the

peritumoral tissue of ccRCC patients is a reservoir of TRAIL+FasL+, TRAIL+PECAM-1+, or FasL+PECAM-1+ NK and T cells.

Conclusions: The cytotoxic/migratory lymphocytes were identified in tumors of ccRCC patients. These lymphocytes became excluded

from the tumor and accumulated in the patient’s peritumoral tissue. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Renal cell carcinoma (RCC) is the most lethal of urologic

malignancies and its incidence is rising globally with by far

the highest rates in North America and Europe [1,2]. In

2012, RCC accounted for 35,000 deaths in the European
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Union [3]. RCC consists of diverse histological subtypes [4]

and is often stratified into 2 major histological subtypes −
clear cell RCC (ccRCC) and non-clear cell RCC (non-

ccRCC) [5]. The ccRCC is the predominant histologic sub-

type of RCC accounting for approximately 75% of RCC [6]

and belongs to the most lethal histological subtype, primar-

ily due to increased incidence of metastasis [7]. The most

prevalent non-ccRCC is papillary (»16%) and chromo-

phobe (»7%) RCC [6] and both have a much better survival

rate than ccRCC.
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The current treatment options of RCC are limited. In

localized and regional disease, radical or partial nephrec-

tomy can lead to complete recovery and accounts for a

5-year RCC survival rate of 60% [1]. However, approxi-

mately one third of newly diagnosed RCC patients have

advanced stage of the disease with local invasions and dis-

tant metastases [8]. The current chemotherapy, radiother-

apy and targeted therapy of metastatic RCC (mRCC) have

low efficacy due to resistance and side effects [9−11]. The
5-year survival rate of mRCC is only around 10% [12,13].

Adoptive cell transfer (ACT) is a rapidly evolving

treatment option for multiple cancers [14,15]. Although

ACT has not previously shown significant efficacy in the

treatment of mRCC [16], novel approaches in this field

are however promising. These approaches are either based

on a combination of ACT with other immunotherapies

[17] or on enhancing its efficacy per se [18]. The tradi-

tional source material for ACT is tumor-infiltrating lym-

phocytes (TILs) isolated from excised tumors and non-

specifically expanded in vitro [15]. Because TILs are a

heterogeneous mix of cell populations that vary among

different types of tumors, the presence of cell populations

that can deliver a therapeutic impact is not ensured in the

isolated TILs. Therefore, it is necessary to first identify

and evaluate those populations of TILs which have the

highest potential to deliver a therapeutic impact in ACT.

Among these populations are lymphocytes that express

cytotoxic markers TRAIL (CD253) [19,20] and FasL

(CD178) [21], and also possess a transendothelial migra-

tory capacity as determined through a surrogate marker

PECAM-1(CD31) [22,23].

In this study, we identified and evaluated the therapeuti-

cally potent cytotoxic/migratory natural killer (NK) and

T cells in tumors of ccRCC patients. We found that these

cells became excluded from the tumor and accumulated in

the peritumoral tissue. The peritumoral tissue was then

found to be the main reservoir of these cytotoxic/migratory

lymphocytes.
2. Methods

2.1. Patients

A total number of 19 patients with RCC who underwent

primary radical nephrectomy without previous chemo- or

radiotherapy between March 2017 and February 2018 at

the Department of Urology, Charles University, 2nd Fac-

ulty of Medicine and Motol University Hospital in Prague

were included in the study. The mean age of the patients

was 68.9 years. All patients were ≥18 years old and con-

sisted of 7 females and 12 males. The patient’s demo-

graphic and clinical information were obtained from the

medical record data of the UNIS central database of the

Motol University Hospital in Prague. All the patient’s infor-

mation were acquired with the approval from the Ethics

Committee of the Motol University Hospital in Prague
(EK-377/13) and all patients provided written informed

consent to participate in the research study.
2.2. Lymphocyte isolation

The tumor, peritumoral and the adjacent healthy renal

tissue samples from each patient were resected from the

extracted kidney after the radical nephrectomy. The mean

size of the resected tissue was approximately 0.5 to 1.0 cm

in diameter. The peritumoral tissue samples were resected

1 cm from the tumor edge and the adjacent healthy renal tis-

sue sample from as the most distant location from the tumor

edge as possible. Each tissue sample was sliced into small

pieces of approximately 1 mm3 and disintegrated by

30-min incubation at 37 ˚C with mild agitation in RPMI

1640 medium (Thermo Fisher Scientific, Waltham, MA)

supplemented with 1 mg/ml of collagenase A and 1 mg/ml

of DNase I (Roche Diagnostics GmbH, Mannheim, Ger-

many). The disintegrated tissue was passed through a sterile

100 mm nylon cell strainer (Corning, Corning, NY) and the

strainer rinsed with PBS. The obtained cell suspension was

then supplemented with Ammonium-Chloride-Potassium

Lysing Buffer (Thermo Fisher Scientific) for 10 to

15 minutes at room temperature to remove red blood cells.

The cell suspension was then centrifuged at 500£ g for

10 minutes at room temperature and the pelleted cells resus-

pended in cold (4 ˚C) PBS containing 2 mM EDTA (PBS/

EDTA). The cells were next analyzed by flow cytometry or

cryopreserved for later analysis.
2.3. Flow cytometry

The isolated lymphocytes were stained in cold PBS/

EDTA for 30 minutes in the dark with the following fluoro-

phore-conjugated protein-specific antibodies: CD45 A700

(prod.# A7-222-T100, Exbio, Prague, Czech Republic),

CD56 FITC (prod.# 1F-231-T100, Exbio), CD3 PerCP-

Cy5.5 (prod.# 45-0036-42,Thermo Fisher Scientific),

CD253 APC, CD178 PE and CD31 PC7 (prod.# 308210,

306407, and 303118, Biolegend, San Diego, CA). The iso-

lated cells were then washed and analyzed by FACSAria II

flow cytometer (Becton Dickinson, Franklin Lakes, NJ).

The obtained data were analyzed by FlowJo software (Tree

Star, Ashland, OR). The CD45+CD56¡CD3¡ population

was used to define negative staining for FasL and TRAIL.

The fluorescence-minus-one (FMO) control was used to

define negative staining for PECAM-1.
2.4. Statistical analysis

Means and SEM were calculated from the indicated

sample size (n) using GraphPad Prism 6 (GraphPad soft-

ware, La Jolla, CA). Statistical significance (P < 0.05) was

determined by the indicated test.
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3. Results

3.1. Tumor infiltration with TRAIL+FasL+ NK cells is

decreased in non-ccRCC tumors as compared with ccRCC

tumors

In this study, 19 RCC patients who underwent radical

nephrectomy were included (Table 1). The collected sam-

ples were tumor tissue, peritumoral tissue, and adjacent

healthy renal tissue. The fresh tissue-isolated lymphocytes

were stained with indicated antibodies and analyzed by

flow cytometry (Fig. 1A). The content of T cells (CD3+

cells) in the isolated leukocytes (CD45+ cells) was 43.9%

(n = 19, confidence interval [CI] 33.7−54.1) in the tumor,

36.8% (n = 18, CI 29.9−43.8) in the peritumoral tissue and

34.7% (n = 19, CI 29.0−40.3) in the adjacent healthy tissue.
The content of NK cells (CD56+CD3¡ cells) in the isolated

leukocytes (CD45+ cells) was 16.0% (n = 19, CI 11.7−20.4)
in the tumor, 9.7% (n = 18, CI 6.6−12.7) in the peritumoral

tissue and 15.2% (n = 19, CI 9.6−20.8) in the adjacent

healthy tissue. The patients were stratified into 2 groups

based on the histological subtype − 15 patients with ccRCC

and 4 patients with non-ccRCC. The non-ccRCC group

consisted of 3 patients with papillary and 1 patient with chro-

mophobe RCC (Table 2). The ccRCC is more lethal than

non-ccRCC [7]. We first compared the tumor infiltration

with the cytotoxic/migratory NK cells in the group of ccRCC

and non-ccRCC patients. As shown in Fig. 1B (left panel),

the infiltration of the tumor with TRAIL+FasL+ NK cells
Table 1

Demographic data of patients and their tumors.

Parameter Value

Patients 19

Age (years)

Median 68.9

Range 48−81
Males/Females 12/7

Histology

Papillary 3

Chromophobe 1

Clear cell 15

Furhman tumor grade

1 3

2 9

3 5

4 1

Not classified 1

TNM tumor stage

T1a 3

T1b 8

T2 1

T2a 1

T2b 0

T3a 5

T3b 1

T3c 0

T4 0
was significantly higher in the group of ccRCC patients. No

significant differences were observed with FasL+PECAM-1+

and TRAIL+PECAM-1+ NK cells (Fig. 1B, two right pan-

els). These data showed that the less lethal histological sub-

types of RCC were associated with decreased intratumoral

infiltration with TRAIL+FasL+ NK cells.
3.2. Tumor infiltration with FasL+PECAM-1+ T cells is

elevated in non-ccRCC tumors as compared with ccRCC

tumors

We next compared the tumor infiltration with the

cytotoxic/migratory T cells in the group of ccRCC and

non-ccRCC patients. As shown in Fig. 1C (two left pan-

els), no differences were observed with TRAIL+FasL+

and TRAIL+PECAM-1+ T cells. However, the infiltration

with FasL+PECAM-1+ T cells was significantly higher in

tumors of non-ccRCC patients (Fig. 1C, right panel).

These data showed that the less lethal histological sub-

types of RCC were associated with increased intratu-

moral infiltration with FasL+PECAM-1+ T cells.
3.3. Cytotoxic/migratory NK and T cells accumulate in the

peritumoral tissue of ccRCC patients

The finding that the histological subtype of RCC, which

impacts survival of RCC, is associated with the cytotoxic/

migratory signature of intratumoral NK and T cells

prompted us to investigate this signature beyond the tumor

itself and analyze the infiltration with these cells also in the

peritumoral tissue and the adjacent healthy renal tissue. As

shown in the left panels of Fig. 2, NK cells with all the

3 tested cytotoxic/migratory phenotypes significantly

accumulated in the peritumoral tissue as compared with the

tumor itself (Fig. 2, left panels). In addition, TRAIL+PE-

CAM-1+ NK cells were also significantly increased in the

adjacent healthy renal tissue as compared with the tumor

itself (Fig. 2, middle left panel).

T cells with all the 3 tested cytotoxic/migratory pheno-

types were also significantly increased in the peritumoral

tissue as compared with the tumor itself (Fig. 2, right pan-

els). Unlike NK cells, not only TRAIL+PECAM-1+ but

also TRAIL+FasL+ and FasL+PECAM-1+ T cells were

significantly increased in the adjacent healthy renal tissue

as compared with the tumor itself (Fig. 2, right panels).
4. Discussion

In this work, we found that the peritumoral tissue of

ccRCC patients constitute a reservoir of cytotoxic/migra-

tory NK and T cells. As these cells were previously found

to deliver a superior impact against cancer cells both in

vivo and in vitro [19−21], the peritumoral tissue of ccRCC

patients might then represent an invaluable source material

for isolation and use of these cells for ACT of ccRCC.



Fig. 1. The tumor and the surrounding milieu infiltration with cytotoxic/migratory NK and T cells in RCC patients. (A) Schema of the lymphocyte isolation

from the tumor (white), peritumoral (grey) and the adjacent healthy renal (black) tissue after radical nephrectomy. The gating strategy for data analysis from

flow cytometry. The isolated tissue lymphocytes were stained with CD45, CD3, CD56, TRAIL, FasL, and PECAM-1 specific antibodies. NK cells were gated

as CD45+CD56+CD3¡ cells and T cells as CD45+CD3+ cells (left panels). The population of NK and T cells with the combined expression of cytotoxic

markers (TRAIL, FasL) and/or the migratory marker (PECAM-1) was determined (right panels). (B−C) The population of TRAIL+FasL+ (left panels),

TRAIL+PECAM-1+ (middle panels) and FasL+PECAM-1+ (right panels) tumor-infiltrating NK (B) or T (C) cells was determined in 15 ccRCC and 4 non-

ccRCC (1 chromophobe and 3 papillary RCC) patients. The difference between the 2 groups was statistically evaluated by Mann-Whitney test (ccRCC,

n = 15; non-ccRCC, n = 4). *P < 0.05 was considered significant. The data are shown as mean+SEM.
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Table 2

Demographic data of patients and their tumors stratified into 2 groups based on the histological subtype − 15 patients with ccRCC and 4 patients with

non-ccRCC.

Characteristic ccRCC patients (n) ccRCC patients (%) Non-ccRCC patients (n) Non-ccRCC patients (%)

Age

> 75 5 33.3 0 0

75 − 65 7 46.7 2 50

< 65 3 20 2 50

Sex

Male 9 60 3 75

Female 6 40 1 25

Surgical nephrectomy

Laparoscopic 11 73.3 3 75

Open 4 26.7 1 25

Fuhrman tumor grade

1 2 13.3 0 0

2 8 53.3 1 25

3 4 26.7 1 25

4 1 6.7 0 0

Not classified 0 0 2 50

TNM tumor staging

T1a 3 20 0 0

T1b 7 46.7 1 25

T2 1 6.7 0 0

T2a 0 0 1 25

T2b 0 0 0 0

T3a 4 26.7 1 25

T3b 0 0 1 25

T3c 0 0 0 0

T4 0 0 0 0

Smoking history

Yes 3 20 2 50

No 12 80 2 50

Chronic diseases

COPD 1 6.7 1 25

Diabetes mellitus 4 26.7 1 25

Ischemic heart disease 4 26.7 1 25

Hypertension 10 66.7 3 75

Stauffer syndrome

Yes 5 33.3 1 25

No 10 66.7 3 75

Erythrocytosis

Yes 0 0 0 0

No 15 100 1 100

Thrombocytosis

Yes 1 6.7 0 0

No 14 93.3 0 0
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RCC belongs to tumors where increased infiltration with

immune cells is, in contrast to many other tumors, associ-

ated with rather worse prognosis and overall survival

[24,25]. More detailed analysis however also found that a

better prognosis was associated with the infiltration where

increased labeling with the proliferation-associated antigen

Ki-67 in CD8+ T cells was observed [26]. Our data showed

that tumor infiltration with cytotoxic/migratory (FasL+PE-

CAM-1+) T cells was significantly elevated in non-ccRCC

patients as compared with tumors of ccRCC patients. Sur-

prisingly, the opposite was found for the cytotoxic

(TRAIL+FasL+) NK cells. Since non-ccRCC patients have

much better survival than ccRCC patients, these data
implicate that tumor infiltration with the cytotoxic/migra-

tory T cells might be also associated with better patients’

survival, whereas the infiltration with the cytotoxic NK

cells might indicate the opposite.

Recent studies have shown that the characterization of

immune signatures beyond the tumor itself can broaden the

view on the disease status and its prognosis [27]. Recently,

Giraldo et al. showed that the presence of mature dendritic

cells in the peritumoral immune aggregates in combination

with tumor infiltration with CD8+ T cells with low expres-

sion of checkpoint molecules in ccRCC patients is associ-

ated with good prognosis [28]. Our results also corroborate

the necessity for a more detailed characterization of the



Fig. 2. Infiltration of the tumor, peritumoral and adjacent healthy renal tissue (Adjacent tissue) with cytotoxic/migratory NK and T cells in ccRCC patients

The lymphocytes of 15 ccRCC patients were isolated from the indicated tissues, stained and processed as in Fig. 1A. The population of TRAIL+FasL+ (top

row), TRAIL+PECAM-1+ (middle row) and FasL+PECAM-1+ (bottom row) infiltrating NK (left panels) and T (right panels) cells was determined. The differ

ences among the populations from the tumor (left bars), peritumoral (middle bars) and adjacent healthy renal tissue (Adjacent tissue; right bars) were statisti

cally evaluated by Wilcoxon matched-pairs signed-ranks test (n = 15). *P < 0.05 was considered significant. The data are shown as mean+SEM.
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immune cell signatures beyond the tumors themselves and

also the necessity to correlate these signatures with factors

that impact severity and/or prognosis of the disease.

Through these extended analyses the immune cells with

more promising phenotypes for ACT could be identified

and exploited.

Many studies point to the important role of TILs not only

in the prognosis and survival of multiple cancers but also as

invaluable source material for ACT. However, very few

studies considered the importance of peritumoral lympho-

cytes [28] and their plausible use in ACT. By going beyond

the tumor itself in this study, we revealed that peritumoral

tissue of ccRCC patients constituted a depo of NK and

T cells with a cytotoxic/migratory phenotype. NK and

T cells with this phenotype were previously found to have

enhanced capability to eliminate cancer cells [19−21] and
to contribute to their migration in vivo [23]. Moreover, one

type of these cells, FasL+PECAM-1+ T cells, showed
.

-

-

higher infiltration into those histological subtypes of RCC

tumors that are associated with less metastatic potential and

better overall survival [7]. Taken together, we show that

peritumoral tissue of ccRCC patients is an invaluable

source of immune cells with a cytotoxic/migratory pheno-

type. Which of these cells also have the potential to deliver

a therapeutic impact once used as source material for ACT

needs to be however determined.

Financial support

Research in the authors’ laboratories was supported by

funding of the Charles University - project GA UK No.

364218 and PRIMUS/MED/12, by the funding of the Min-

istry of Health, Czech Republic - project AZV 16-28135A

and the conceptual development fund of research organiza-

tion Motol University Hospital, Prague, Czech Republic

00064203.



Z. Strizova et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 503−509 509
Conflict of interests

SP and JB are part-time employees and JB also a minor-

ity shareholder of SOTIO, a.s., a biotech company develop-

ing cell-based immunotherapy. ZS, PT, DmS, KH, SV, and

DaS declare no conflict of interest.

Acknowledgments

We would like to thank the clinical research staff, routine

laboratory staff and our technicians for their assistance and

Michal Rataj for assistance in flow cytometry. We thank

Dr. Alasdair M. Gilfillan for a critical review of the manuscript.

References

[1] Noone AM HN, Krapcho M, Miller D, Brest A, Yu M, Ruhl J,

Tatalovich Z, Mariotto A, Lewis DR, Chen HS, Feuer EJ,

Cronin KA, eds. SEER cancer statistics review, 1975-2015, National

Cancer Institute. Bethesda, MD, https://seer.cancer.gov/csr/1975_

2015/, based on November 2017 SEER data submission, posted to

the SEER web site, April 2018.

[2] Wong MCS, Goggins WB, Yip BHK, Fung FDH, Leung C, Fang Y,

et al. Incidence and mortality of kidney cancer: temporal patterns and

global trends in 39 countries. Sci Rep 2017;7(1):15698. https://doi.

org/10.1038/s41598-017-15922-4.

[3] Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh

JW, Comber H, et al. Cancer incidence and mortality patterns in

Europe: estimates for 40 countries in 2012. Eur J Cancer 2013;49

(6):1374–403. https://doi.org/10.1016/j.ejca.2012.12.027.

[4] Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The

2016 WHO classification of tumours of the urinary system and male

genital organs-part A: renal, penile, and testicular tumours. Eur Urol

2016;70(1):93–105. https://doi.org/10.1016/j.eururo.2016.02.029.

[5] Ciccarese C, Iacovelli R, Brunelli M, Massari F, Bimbatti D, Fantinel

E, et al. Addressing the best treatment for non-clear cell renal cell car-

cinoma: a meta-analysis of randomised clinical trials comparing

VEGFR-TKis versus mTORi-targeted therapies. Eur J Cancer

2017;83:237–46. https://doi.org/10.1016/j.ejca.2017.06.030.

[6] Shuch B, Amin A, Armstrong AJ, Eble JN, Ficarra V, Lopez-Beltran

A, et al. Understanding pathologic variants of renal cell carcinoma:

distilling therapeutic opportunities from biologic complexity. Eur

Urol 2015;67(1):85–97. https://doi.org/10.1016/j.eururo.2014.04.029.

[7] Leibovich BC, Lohse CM, Crispen PL, Boorjian SA, Thompson RH,

Blute ML, et al. Histological subtype is an independent predictor of

outcome for patients with renal cell carcinoma. J Urol 2010;183

(4):1309–15. https://doi.org/10.1016/j.juro.2009.12.035.

[8] Gupta K, Miller JD, Li JZ, Russell MW, Charbonneau C. Epidemio-

logic and socioeconomic burden of metastatic renal cell carcinoma

(mRCC): a literature review. Cancer Treat Rev 2008;34(3):193–205.

https://doi.org/10.1016/j.ctrv.2007.12.001.

[9] Diamond E, Molina AM, Carbonaro M, Akhtar NH, Giannakakou P,

Tagawa ST, et al. Cytotoxic chemotherapy in the treatment of advanced

renal cell carcinoma in the era of targeted therapy. Crit Rev Oncol Hem-

atol 2015;96(3):518–26. https://doi.org/10.1016/j.critrevonc.2015.08.007.

[10] Deschavanne PJ, Fertil B. A review of human cell radiosensitivity in

vitro. Int J Radiat Oncol Biol Phys 1996;34(1):251–66.

[11] Duran I, Lambea J, Maroto P, Gonzalez-Larriba JL, Flores L, Grana-

dos-Principal S, et al. Resistance to targeted therapies in renal cancer:

the importance of changing the mechanism of action. Targeted Oncol

2017;12(1):19–35. https://doi.org/10.1007/s11523-016-0463-4.

[12] Marschner N, Staehler M, Muller L, Nusch A, Harde J, Koska M,

et al. Survival of patients with advanced or metastatic renal cell
carcinoma in routine practice differs from that in clinical trials-analy-

ses from the German clinical RCC registry. Clin Genitourin Cancer

2017;15(2):e209–15. https://doi.org/10.1016/j.clgc.2016.08.022.

[13] Tsimafeyeu I, Zolotareva T, Varlamov S, Zukov R, Petkau V, Mazh-

bich M, et al. Five-year survival of patients with metastatic renal cell

carcinoma in the Russian federation: results from the RENSUR5 reg-

istry. Clin Genitourin Cancer 2017;15(6):e1069–72. https://doi.org/

10.1016/j.clgc.2017.07.017.

[14] Rosenberg SA, Restifo NP. Adoptive cell transfer as personalized

immunotherapy for human cancer. Science 2015;348(6230):62–8.

https://doi.org/10.1126/science.aaa4967.

[15] Cohen JE, Merims S, Frank S, Engelstein R, Peretz T, Lotem M.

Adoptive cell therapy: past, present and future. Immunotherapy

2017;9(2):183–96. https://doi.org/10.2217/imt-2016-0112.

[16] Cho YH, Kim MS, Chung HS, Hwang EC. Novel immunotherapy in

metastatic renal cell carcinoma. Invest Clin Urol 2017;58(4):220–7.

https://doi.org/10.4111/icu.2017.58.4.220.

[17] Yoon DH, Osborn MJ, Tolar J, Kim CJ. Incorporation of immune

checkpoint blockade into chimeric antigen receptor T cells (CAR-

Ts): combination or built-in CAR-T. Int J Mol Sci 2018;19(2).

https://doi.org/10.3390/ijms19020340.

[18] Shum T, Kruse RL, Rooney CM. Strategies for enhancing adoptive T-

cell immunotherapy against solid tumors using engineered cytokine

signaling and other modalities. Expert Opin Biol Ther 2018;18

(6):653–64. https://doi.org/10.1080/14712598.2018.1473368.

[19] Tian JQ, Wang ZP, Rodriguez R, Fu JS, Lu JZ, Ma BL. In vitro

enhanced cytotoxicity of tumor-infiltrating lymphocytes transfected

with tumor necrosis factor-related apoptosis-inducing ligand and/or

interleukin-2 gene in human renal cell carcinoma. Urology 2006;67

(5):1093–8. https://doi.org/10.1016/j.urology.2005.11.030.

[20] de Bruyn M, Wei Y, Wiersma VR, Samplonius DF, Klip HG, van der

Zee AG, et al. Cell surface delivery of TRAIL strongly augments

the tumoricidal activity of T cells. Clin Cancer Res 2011;17(17):

5626–37. https://doi.org/10.1158/1078-0432.CCR-11-0303.

[21] Strater J, Hinz U, Hasel C, Bhanot U, Mechtersheimer G, Lehnert T,

et al. Impaired CD95 expression predisposes for recurrence in cura-

tively resected colon carcinoma: clinical evidence for immunoselec-

tion and CD95L mediated control of minimal residual disease. Gut

2005;54(5):661–5. https://doi.org/10.1136/gut.2004.052696.

[22] Marelli-Berg FM, Clement M, Mauro C, Caligiuri G. An immunolo-

gist’s guide to CD31 function in T-cells. J Cell Sci 2013;126(Pt

11):2343–52. https://doi.org/10.1242/jcs.124099.

[23] Ma L, Cheung KC, Kishore M, Nourshargh S, Mauro C, Marelli-Berg

FM. CD31 exhibits multiple roles in regulating T lymphocyte traf-

ficking in vivo. J Immunol 2012;189(8):4104–11. https://doi.org/

10.4049/jimmunol.1201739.

[24] Minarik I, Lastovicka J, Budinsky V, Kayserova J, Spisek R, Jarolim

L, et al. Regulatory T cells, dendritic cells and neutrophils in patients

with renal cell carcinoma. Immunol Lett 2013;152(2):144–50. https://

doi.org/10.1016/j.imlet.2013.05.010.

[25] Fridman WH, Zitvogel L, Sautes-Fridman C, Kroemer G. The immune

contexture in cancer prognosis and treatment. Nat Rev Clin Oncol

2017;14(12):717–34. https://doi.org/10.1038/nrclinonc.2017.101.

[26] Nakano O, Sato M, Naito Y, Suzuki K, Orikasa S, Aizawa M, et al.

Proliferative activity of intratumoral CD8(+) T-lymphocytes as a prog-

nostic factor in human renal cell carcinoma: clinicopathologic demon-

stration of antitumor immunity. Cancer Res 2001;61(13):5132–6.

[27] Fridman WH, Galon J, Pages F, Tartour E, Sautes-Fridman C,

Kroemer G. Prognostic and predictive impact of intra- and peritu-

moral immune infiltrates. Cancer Res 2011;71(17):5601–5. https://

doi.org/10.1158/0008-5472.CAN-11-1316.

[28] Giraldo NA, Becht E, Pages F, Skliris G, Verkarre V, Vano Y, et al.

Orchestration and prognostic significance of immune checkpoints in

the microenvironment of primary and metastatic renal cell cancer.

Clin Cancer Res 2015;21(13):3031–40. https://doi.org/10.1158/1078-

0432.CCR-14-2926.

https://seer.cancer.gov/csr/1975_2015/
https://seer.cancer.gov/csr/1975_2015/
https://doi.org/10.1038/s41598-017-15922-4
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1016/j.eururo.2016.02.029
https://doi.org/10.1016/j.ejca.2017.06.030
https://doi.org/10.1016/j.eururo.2014.04.029
https://doi.org/10.1016/j.juro.2009.12.035
https://doi.org/10.1016/j.ctrv.2007.12.001
https://doi.org/10.1016/j.critrevonc.2015.08.007
http://refhub.elsevier.com/S1078-1439(19)30110-3/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30110-3/sbref0010
https://doi.org/10.1007/s11523-016-0463-4
https://doi.org/10.1016/j.clgc.2016.08.022
https://doi.org/10.1016/j.clgc.2017.07.017
https://doi.org/10.1126/science.aaa4967
https://doi.org/10.2217/imt-2016-0112
https://doi.org/10.4111/icu.2017.58.4.220
https://doi.org/10.3390/ijms19020340
https://doi.org/10.1080/14712598.2018.1473368
https://doi.org/10.1016/j.urology.2005.11.030
https://doi.org/10.1158/1078-0432.CCR-11-0303
https://doi.org/10.1136/gut.2004.052696
https://doi.org/10.1242/jcs.124099
https://doi.org/10.4049/jimmunol.1201739
https://doi.org/10.1016/j.imlet.2013.05.010
https://doi.org/10.1038/nrclinonc.2017.101
http://refhub.elsevier.com/S1078-1439(19)30110-3/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30110-3/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30110-3/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30110-3/sbref0026
https://doi.org/10.1158/0008-5472.CAN-11-1316
https://doi.org/10.1158/1078-0432.CCR-14-2926
https://doi.org/10.1158/1078-0432.CCR-14-2926

	NK and T cells with a cytotoxic/migratory phenotype accumulate in peritumoral tissue of patients with clear cell renal carcinoma
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Lymphocyte isolation
	2.3. Flow cytometry
	2.4. Statistical analysis

	3. Results
	3.1. Tumor infiltration with TRAIL+FasL+ NK cells is decreased in non-ccRCC tumors as compared with ccRCC tumors
	3.2. Tumor infiltration with FasL+PECAM-1+ T cells is elevated in non-ccRCC tumors as compared with ccRCC tumors
	3.3. Cytotoxic/migratory NK and T cells accumulate in the peritumoral tissue of ccRCC patients

	4. Discussion
	Financial support
	Conflict of interests
	Acknowledgments
	References


