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Double Positive CD4 “CD8C T Cells
Are Enriched in Urological Cancers
and Favor T Helper-2 Polarization

Perrine Bohner ', Mathieu F. Chevalier ', Valérie Cesson, Sonia-Christina Rodrigues-Dias,
Florence Dartiguenave, Rodolfo Burruni, Thomas Tawadros, Massimo Valerio, llaria Lucca,
Denise Nardelli-Hae iger, Patrice Jichlinski and Laurent D  erré*

Urology Research Unit, Urology Department, University Hgital of Lausanne (CHUV), Lausanne, Switzerland

The immune system plays a central role in cancer developmerghowing both anti-tumor
and pro-tumor activities depending on the immune cell substs and the disease context.
While CD8T cells are associated with a favorable outcome in nso cancers, only T
helper type 1 (Thl) CD4T cells play a protective role, in camtst to Th2 CD4T cells.
Double positive (DP) CD4CDS8C T cells remain understudied, although they were already
described in human cancers, with con icting data regardingheir role. Here, we quanti ed
and phenotypically/functionally characterized DP T celli® blood from urological cancer
patients. We analyzed blood leukocytes of 24 healthy donorgHD) and 114 patients
with urological cancers, including bladderrf D 54), prostate fi D 31), and kidney 6
D 29) cancer patients using 10-color ow cytometry. As compaed to HD, levels of
circulating DP T cells were elevated in all urological canceatients, which could be
attributed to increased frequencies of both CDA9"CD8'°W and CD4€CD8"9" DP T-cell
subsets. Of note, most CD4"9"CD8°" DP T cells show a CD&a phenotype, whereas
CD4CcD8"ah cells express both CD& and CD8b subunits. Functional properties were
investigated usingex-vivo generated DP T-cell clones. DP T cells from patients were
skewed toward an effector memory phenotype, along with enhaced Th2 cytokine
production. Interestingly, both CD&a and CD8ab DP T cells were able to trigger
Th2 polarization of naive CD4T cells, while restraining Thihduction. Thus, these
data highlight a previously unrecognized immunoregulatgrmechanism involving DP
CDA4CCDS8C T cells in urological cancers.

Keywords: CD4 ©CD8C T cells, double positive T cells, Th2, Thi, bladder cancer, p  rostate cancer, kidney cancer

INTRODUCTION

The crucial role of anti-tumor immune responses in cancer guts has been intensively
studied during the last two decades, leading to unprecedemigportunities to e ectively
treat several malignancied—4). However, mechanisms hindering e cient immune responses
to human tumors still need to come under closer scrutiny, atite complex interplay
between various immune cell-subsets requires being welptered to improve or design
novel immunotherapeutic strategies. CB8T cells and type-1 helper C54 T cells
(Th1l) are thought to play a major role in e ective anti-tumor sponses, and thus
associate to good prognosis in most human cancets ). In contrast, Th2 CD%

T cells—which are involved in humoral immunity by providing-d@ll help—are more
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often associated to poor prognosis).(This detrimental e ect  TABLE 1 | Characteristics of urological cancer patients.
is thought to be mostly attributed to cross-regulation beém

Th subsetsf), allowing Th2 cells to polarize immune cells awayCh"’lr""Cteristics Bladder Prostate Kidney
from a protective anti-tumor type-1-immunity7, 8). N of patients 54 31 29
The role of CD& CD8" double positive (DP) T cells is largely pqe yr median (10R) 70 (62.3-80) 66 (60.5-70.5) 65 (58-69)

understudied. Indeed, DP T cells were primarily considerecggy n (%)
as a developmental stage in the thymus, before maturation gs, .

either CD4 or CD8® (single positive) mature T cell§), Thus, 122 ((7272?) 31n(1:0) 263((2709'73;)
in peripheral blood and tissues, most T cells have retaine';UMOR STATUS, n (%) : - .
expression of only one of these co-receptors correspondin 18 (33.3) na e
to dierent functions, with CD8T cells mostly involved in 12 222) 207) 12 (41.4)
cytotoxicity toward infected or tumor cells, and CD4T cells
playing helper functions to orchestrate the immune responsé). (63 17(>48) 2(69)
However, mature CDACDEC double positive T cells have " 13(4.0) 10(32.3) 14 (48.3)
been described in the peripheral blood and tissues in various 108 132 134
settings, including in human cancersi(j. The conicting <" 5003 na n-a
literature regarding the role of DP T cells—cytotoxic vs. PRAINING LYMPH NODE STATUS, n (%)
immunosuppressive 10—may indicate that these cells are ™ 10.8) 265 741
heterogeneous and/or show pleiotropic functions that necoeto  '\° 48 (88.9) 28(90:3) 20(69)
investigated in each particular disease context. DP T calleh " 503 162) 0
never been studied in patients with urological cancer. Hare, ~N? 0 0 2(6.9)
quantitatively and phenotypically described DP T cells indblo GLEASON
from patients with bladder, prostate and kidney cancers. e al © na. 6(19.3) na.
investigated their immunomodulatory functions and fourldett 7 na. 22(11) na.
DP T cells favor the polarization of naive CBA cells into a 8 n.a. 0(0) n.a.
Th2 functional pro le. This previously unrecognized capacify ° n.a. 2(6.5) n.a.
DP T cells was observed in healthy donors (HD) and exacedbaté® na. 132 na
in patients with urologic cancer, who moreover showed ekedat FURHMAN
levels of circulating DP T cells. I n.a. n.a. 0(0)
1l n.a. n.a. 11 (37.9)
1] n.a. n.a. 10 (34.5)
MATERIALS AND METHODS Voo 6 207)
not determined n.a. n.a. 2(6.9)

Study Population
Fifty four patients with bladder cancer, 29 patients with
kidney cancer, and 31 patients with prostate cancer (mostlgmal
Table 1) were recruited at the Lausanne University Hospital.
Peripheral blood was collected in heparin-containing tubesFlow-Cytometry Analyses
Fresh peripheral blood mononuclear cells (PBMCs) were puri edrhe following mAbs were used at predetermined optimal
by density gradient centrifugation (Isopaque-Ficoll) witi2h  concentrations: anti-CCR7-PE, anti-CD3-PeCy7, anti—-CD14-
after blood sampling. Cells were cryopreserved in RPMI mediurkITC, anti—-CD&-PEAF610 (Invitrogen); anti-CD4-APC/H7
1640 supplemented with 40% FCS and 10% DMSO. Blodd8D Pharmingen); anti-CD8eF660, anti-CD45RA-eF450,
samples were also collected from 24 healthy volunteeB0( anti—IL4-PeCy7 (eBioscience). FcR Blocking Reagent (Milten
years old and 80% of male) through the local Swiss blood bankBiotec) was used to block unwanted binding of antibodies and
Bladder and kidney tumor tissue samples were carefullincrease the staining speci city of cell surface antigendlsCe
collected by pathologist from cystectomy or nephrectomyyere stained for surface antigens atC4for 20 min, and an
respectively. Tissue samples were then put in a Petri dislimine reactive dye (Aqua LIVE/DEAD Stain Kit; Thermo Fisher
containing RPMI 1640 with ing/mL DNAse | (Sigma Aldrich), Scienti c) was used for dead cell exclusion according to the
cut into small pieces using sterile scissors, transferréd @ manufacturers instructions. A representative example of the
sterile strainer and grinded with a syringe plunger in anathe full gating strategy is shown orSupplementary Figure 1A
Petri dish. The dissociated tissue was rinsed and traredfeim  When intracellular staining was required, cells were then
a conical tube through a 46m lter (Fisher Scientic). After  xed and permeabilized using the “Intracellular Fixation and
centrifugation, cells were resuspended in fresh mediumntaxi  Permeabilization Bu er Set” (eBioscience) according to the
and were subsequently used for ow cytometry analysis. manufacturer's recommendations. Cytokine staining wasnth
All patients provided written informed consent prior to their performed using anti—~INA=-BV421 (BioLegend) and anti—IL-
participation in the study. This study was approved by the ethicd-PeCy7 (eBioscience) for 30 min at room temperature. Sample
committee of the canton of Vaud, Switzerland (protocol #1119/  acquisition was performed on the Gallios Flow Cytometer

n.a, not applicable.
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(Beckman Coulter). Analyses were performed using the FlowldESULTS

software (TreeStar). Identi cation of DP T Cells in Patients With

Generation of DP T-Cell Clones Urological Cancers

DP T cells were sorted by FACS sorting (FACSARIA I1I, BDUSING ow-cytometry analysis, we identi ed C4CD8&" double
Biosciences). Sorted cells were cloned by limiting dihytio Positive (DP) T cells in peripheral blood mononuclear cells
and expanded in RPMI medium 1640 supplemented wit{PBMCs) from HD and from patientsTable 1) with bladder,
8% human serum, 150 U/mL recombinant human IL-2 (rIL- Prostate or kidney cancerbigures 1A,B. According to the CD8
2, from Proleukin), Ing/mL phytohemagglutinin (PHA), and expression level, we de ned two subpopulations of DP T cells:
irradiated allogeneic PBMC (3,000 rad) as feeder cellsi¢fse CD4"9"CD8" and CD4 CD8"" (Figures 1A,Q. Of note, the

to DP T cells ratio of 2:1). Successfully expanded clond§solution of the labeling did not allow to reliably distingh
were checked for purity (only those with 90% DP T cells CD4"S"CDg"" from CD4°“CDg"9" DP T cells Figure 1A)
were selected) and cryopreserved for subsequent functiondithin the CD4°CD8"" population (13. Nevertheless, the
assays. T-cell suppression assay was performed as we previof[§iguency of total DP T cells (Mean percentage SEM of

described {1, 12). 1.18 0.12 for HD; 2.68 0.19 for bladder; 1.99 0.13 for
prostate; 3.26 0.77 for kidney) was signi cantly elevated in all
Bead-Based Multiplex Assay for the urologic cancers as compared to healthy contréigyre 1B),

; ; independent of tumor stage or gradeata not showh This
Measurement of Cytokine Secretion by DP increase was ascribed to elevated levels of both"@rRD8ow

T Cells _ and CD4CD8"d" subsets, except in kidney cancer where the
DP T-cell clon.es (S0,00Q cells/well in a 96.well-plate.) Werfcrease in DP T cells was only attributed to the (i92cDgOw
stimulated during 24h with plate-bound anti-CD3 antibody g hset Figure 10). These alterations in DP T-cell frequencies
(pre-coated at Zg/mL overnight at 4C) and soluble anti- \ere not owing to a variation in CO%or CDE single positive
CD28 (2mg/mL). Cell-free supernatants were collected andr_ceis as their frequency were similar between HD and cancer
cytokine concentrations (IFN; TNF-a, IL-4, and IL-5) were  aiients Gupplementary Figure 18 Also, the frequency of total

measured using a Luminex assay according to the manufasturecpaC T cells was not altered in the blood from cancer patients
instructions (Thermo Fisher Scienti ¢). Supernatants walgo (Supplementary Figure 1(.

used for naive CD4 T-cell conditioning assay as describkxhbe
Memory/Differentiation Phenotype of DP T

Th1l vs. Th2 Induction From Naive T Cells Cells
Following Conditioning With DP T-Cell The di erentiation pro le of DP T cells was assessed by the
Supernatants analysis of CCR7 and CD45RA expressidd, (15), allowing

Naive CD#¥ T cells (CD$CD4°CD8"*)CD45RA CCRF) the identi cation of naive, central memory, e ector memory
from healthy donors were FACS-sorted (FACSARIA llI, BDand terminally di erentiated e ector memory cells re-expresgin
Biosciences) and stimulated for 48h with plate-bound anti-CD45RA (TEMRA) Figure 2A). In HD, CD4°CD8"9" and
CD3 and soluble anti-CD28, in the presence of above-degtribeCD4"I"CD8" DP T cells showed quite similar di erentiation
supernatants (dilution 1:1 with fresh medium) of stimulatedpro les, which seem intermediate between CD4 and CD8
DP T-cell clones from patients or healthy donors. Supernaantsingle-positive T cells Figure 2B). Strikingly, both DP T-
from non-stimulated corresponding DP T-cell clones wereduse cell subsets from cancer patients showed a dierentiation
as a control. Cells were then transferred into a new plate angro le skewed toward the e ector memory phenotype, along
fresh supernatant was added. Following a 4 day-incubatielfs ¢ with a shortening of the naive compartment, as compared
were stimulated for 6 h with PMA/lonomycin (Cell Stimulation to HD (Figure 20). Notably, this prole was consistently
Cocktail, eBioscience) in the presence of monensin and Biefe and signi cantly observed in bladder, prostate as wells as
A (Protein Transport Inhibitors Cocktail, eBioscience).N¥ kidney cancers.

g and IL-4 expression was measured by intracellular cytokine To further describe the DP T-cell phenotype, we next
staining (as described above). Experiment scheme is depictadalyzed the phenotype of the CD8 subunits. Indeed, studies

in Figure 4A. revealed that DP T cells with immunosuppressive function show
o a peculiar CD8a - instead of the conventional C28& —
Statistics phenotype (6, 17). In healthy donors, the CO4CD8"9" subset

Statistical comparisons were evaluated usirigsts or non- showed a conventional C2® phenotype, while a majority
parametric Mann-Whitney (and Wilcoxon, for paired values)of CD4""CD8°" cells did not express the CB8subunit
tests, when data passed or failed normality test, respectivetius showing the peculiar C2& phenotype Figures 2D,B.

For multiple comparisons, Kruskal-Wallis test was performedSimilar pro les were found in patients as in healthy donors
followed by Dunn'post-hocorrection for multiple comparison. (data not showp Furthermore, we analyzed the presence of
A p < 0.05 was considered statistically signi cant. All stacst DP T cells in fresh bladder and kidney tumor tissue from
analyses were performed using GraphPad Prism, version surgical specimens recovered after cystectomy or nephrectomy
(GraphPad Software). respectively Kigure 3A). Intratumoral CD4"9"CD8°Y and
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FIGURE 1 | Quanti cation of CD4°CD8C DP T cells in urological cancer patients(A) Representative example of CDR9"CD8'OW and cD4C cD8"gh DP T cells
gated on live cDF T cells in PBMC from HD and urological patients. Frequenciesf total DP T cells(B) and of the two DP T-cell subpopulations(C) in PBMCs from
HD (h D 24) and urological cancer patients: bladderr( D 54), prostate fi D 31) and kidney cancer§ D 29). "% 0.05;*p 0.01; *p 0.001; **p  0.0001.

CD4CD8"9" DP T cells were detected at variable frequencie€Chemoattractant Receptor-homologous Molecule Expressed on
(Figure 3B) and, as found in circulating DP T cells, showed aT Helper Type 2), compared to the low levels observed in

CD8aa or CD8ab phenotype, respectivelfigure 30). CDAT cells Supplementary Figure 2. Indeed, DP T cell clones
from patients were found to secrete levels of IgNnd TNFa

. . comparable to DP T cells from healthy individualsdure 4A).
Thl and Th2 Cytokine Production by DP T However, CD&b DP T cells from patients were found to secrete
Cells signi cantly higher amounts of both IL-4 and IL-5, as compdre
As DP T cells have a high capacity to produce cytokineto HD (Figure 4B). CD8a DP T cells from patients also secreted
(18 and are moreover enriched in e ector memory cellselevated levels of IL-F-{gure 4B).
in patients with urological cancers, we next interrogatee th
cytokine secretion pro le of DP T cells from patients compared .
to HD. To this purpose, we sorted DP T cells according to-Unctional Role of DP T Cells Toward
CD8a and b expression (in order to increase the accuracyPolarization of Naive CD4 T Cells
of the sorting) from HD and urological cancer patients andWe rst interrogated a putative immunosuppressive function of
cloned them. CD%CD8aa and CD4 CD8ab T cell clones were DP T cells toward CD4 and/or CD8 T-cell proliferatior ),
then stimulated for 48 h with anti-CD3/CD28 antibodies andbut found no e ect in a CFSE-based suppression assiaya(
supernatants were harvested to measure levels of antitumaot show). Next, as DP T cells secrete cytokines that may favor
Thl-type cytokines (IFNy, TNF-a), as well as of pro-tumor Th2 development, we investigated the ability of supernatants
Th2-type cytokines (IL-4, IL-5). We expected that the latterfrom stimulated DP T cells to polarize naive CD4T cells into
cytokines may be highly produced by DP T cells as a higihl vs. Th2 functional pro les Figure 4Q). To this purpose,
frequency of them expressed the Th2 surrogate marker CRTH&e used the above-mentioned supernatants of stimulated and
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FIGURE 2 | Alterations in memory subset distri_bution among DP T cellsdr_n urological cancer patients.(A) Representative example of differentiation phenotype, as
de ned by CD45RA and CCR?7 labeling of CDA9"CD8'®W and CD4C cD8"IN DP T cells gated on live CD§ T cells; naive: CD45RA CCR7C; central memory:
CD45RA-CCR¥ ; effector memory: CD45RA CCR7C; and terminally differentiated effector memory (TEMRA)DZ5RAC CCR7 . (B) Differentiation stage
distribution in DP and conventional single-positive T celfrom healthy donors (HD)(C) Comparison between urological cancer patients and HD for ezh the memory
subsets frequency among DP T cells (mean SEM).(D) Representative example of CDB labeling in cDAighcpglow and cD4C cDs"idM from PBMC. (E) Proportion
(mean SEM) of cells with a CD&a and CD8ab phenotype in CD4"9"CD8oW and CD4C CD8"IN DP T-cell subsets 1 D 10 HD). p  0.05; **p  0.01; **p
0.001; ***p  0.0001.

non-stimulated DP T cells derived from healthy donors andCells were then washed, transferred into new wells and inedbat
patients with urological cancers. As depicted kigure 4C  for 4 days in the presence of renewed DP T-cell supernatants. T-
we exposed naive CD4 T cells (CD45RZCRT, sorted from  helper polarization of CD4 T cells was analyzed by intracellular
healthy donors' blood) to those supernatants for 48 h, aloitg w cytokine staining (INFg and IL-4) following a 6 h unspecic
T-cell receptor stimulation (using anti-CD3/CD28 antibed). re-stimulation Figure 4D). Supernatants from stimulated DP T
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FIGURE 3 | Frequency of DP T cells in bladder and kidney tumorgA) Representative example of cDag"Cpgow and C_DACCD8high DP T cells gated on live CD§
T cells in freshly dissociated kidney and bladder tumorgB) Frequencies of intratumoral CDA9NCD8!oW and cD4C cD8Nigh PP T cells and(C) their CD8/CD8b
phenotype (mean SEM). ***p  0.0001.

cells strongly increased the frequency of CD4 T cells exipgess of CD4 T cellsin vitro, at the expense of the protective Thl
IL-4, while reducing the frequency of IN§-expressing cells functional prole known to play a crucial role in anti-tumor
(Figure 4B. As a result, the ratio between INg~and IL-4- immunity. This newly identied ability of DP T cells was
producing cells was dramatically reduced by activated DRIT-c observed in healthy donors and exacerbated in patients with
supernatantsKigure 4F. CD8a and CD&b DP T cells showed urological cancer.
similar ability to shift this ratio Supplementary Figure 3A DP T cells were already described in patients with particular
Interestingly, DP T cells from patients were even more prondymphomas (9-21), melanoma 22), breast 23), colorectal
to invert the INFgC/IL-4€ CD4 T-cell ratio Figure 4G, which  cancer £4), and recently in renal cance?§). In these contexts,
could be explained by a stronger ability to restrain the gatien  DP T cells were often analyzed in tumor-in Itrating lymphoeg
of CD4T cell expressing INB- (Supplementary Figure 3B (e.g., after ampli cation and clonal expansion) but were more
These results suggest that DP T cells favor a Th2 over Thérely quanti ed in the peripheral blood. Nevertheless, natm
polarization of CD4 T helper cells. Accordingly, compared tolevels of circulating DP T cells were found in patients with
HD, urological cancer patients showed a higher frequency ahelanoma and Hodgkin's lymphoma when compared to healthy
circulating Th2 CD4T cells, as assessedelyvivo CRTH2  donors (L9, 22). In contrast, we found a consistent, yet moderate,
expression$upplementary Figure 3¢ increase in the frequency of circulating DP T cells in patievith

all three urological cancers tested.

Mechanisms behind DP T-cell expansion can only be

DISCUSSION speculative as origin of circulating DP T cells—i.e., outside th

thymus—remains unclear. Extrathymic DP T cells may origgnat
Our results indicate that circulating CID8 T cells from single-positive T cells under particular conditions, a34C
are increased in patients with urologic cancers, and showxpression could be acquired following activation of CD8 Ilsce
a dierentiation prole biased toward an e ector memory (26) and conversely, CD4T cells were proposed to co-express
phenotype. As expected, DP T cells were found to be higeD8 under continuous antigen stimulation in the presence of
cytokine producers, but only type-2 cytokines were increaseihtestinal factors 7). However, analysis of the TCRbWsage
in patients DP T cells as compared to healthy donorsby sclerosis- and melanoma-associated T cells suggested tha
Notably, DP T cell were found to favor a Th2 polarizationDP T cells in these contexts may have a clonal origin distinct
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FIGURE 4 | DP T cells favor a Th2 over Th1 polarization of naive CD4 T IDP T-cell clones were generated fronex vivosorted PBMCs of healthy donors (HD) and
urological cancer patients. Clones (3 CD8a and 4 CD8ab clones from 3 HD and 6 CD&a and 4 CD8ab clones from one patient of each cancer, i.e., bladder,
prostate and kidney) werein vitro stimulated (anti-CD3/anti-CD28) for 48 hours, and concenations (mean SEM) of(A) Thl (IFNg, TNF-a) and (B) Th2 (IL-4, IL-5)
cytokines were measured in supernatants by LuminexC) Experimental procedure. Representative examplefD) and percentages (E) of IL-4 and IFNg expression
by polarized CDA naive T cells (from 2 HD) upon stimulation in the presence ofipernatants from DP T cell clones from HD or patients (desdred in A,B). (F) Ratio
between IFNg- and IL-4-expressing CD4 T cells upon stimulation is shown andG) variation (fold change) of this ratio (mean SEM) compared when using DP T
cells from patients and HD. p  0.05; **p  0.01; ***p  0.0001.
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from that of conventional CD4 or CD8 single-positive T cellsIL-9 (29). Besides, C4CD8ab DP T cells may exert helper
(22, 28). In the tumor from a patient with colorectal cancer, functions through the expression of CD40B7. In contrast,
highest tumor-reactivity was observed within DP T cellsnfro CD4¢CD8aa DP T cells may have an immunosuppressive role.
an overrepresented b/subset 24). Thus, elevated levels of DP Indeed, colonic bacteria-induced DP T cells, expressing CCR6
T cells in cancer contexts may be related to clonal expandion and CXCR6, were shown to produce IL-10 and inhibit T-cell
cognate DP T cells. This is in accordance with our obsermatioproliferation via CD39 activity, similarly to Tregsl{, 39).
that DP T cells from urological cancer patients showed et/at However, we did not observe any direct suppressive function
levels of e ector memory cells, together with a reduced naivevhen using DP T cells clones, either Ci28or CD8ab, isolated
compartment. Of note, intra-tumor DP T cells were previouslyfrom PBMC of healthy donors or cancer patients. Since @98
described as showing an e ector memory phenotyge, ¢3). DP T cells with regulatory properties have been identi ed so fa
How the tumor may directly or indirectly favor DP T-cell only in colonic mucosa from HD and patients with in ammatory
activation/expansion warrants further investigationsnofe, IL-  bowel diseasel(, 39), further investigations are needed to clarify
9 was proposed as a survival and activation factor of DP T celishether a subset with direct suppressive function may also be
in melanoma tumors Z9). However, a loss of IL-9-producing found in cancer patients. Nevertheless, we asked whether and
T cells was described in patients with metastatic melanomhow DP T cells may in uence CD4 T-cell function. Our data
(30). IL-9 was not studied in patients with urological cancersdemonstrated that soluble factors secreted by DP T cellstdee a
to date, yet absence of IL-9 mRNA was reported in bladdeto favor polarization of naive CB4T cells into a Th2 pro le,
tumor cell lines 81). Besides, expansion of extrathymic DP Twhile restraining Th1 di erentiation. Interestingly, thissect was
cells was reported in 20% of patients receiving radiotherapy for observed with DP T cells from both healthy donors and patients,
Hodgkin's diseasel@). However, radiotherapy in patients with but was even more pronounced when using patients-derived DP
urological cancers (i.e., pelvic area) is unlikely to be imed in T cells. This could be explained by the higher e ector memory
DP T-cell expansion, as it was suggested to re ect extratbympro le associated with higher Th2-type cytokine production
T-cell development as a result of impaired thymic functionobserved in DP T cells from patients, when compared to
following mediastinal irradiation. Altogether, the appeaca of healthy donors.
extrathymic DP T cells remains a puzzling question and future It would be of interest to target DP T cells in order to
studies such as transcriptomic analyses are required tghkeci improve anti-tumor type-1 immunity. However, direct targeg
their origin. of DP T cells may prove to be dicult due to their existence
Beside reactivity toward viral antigens (EBV, Flu, HCV, HIV as a T-cell development stage and to the lack of a specic
(32, 33, DP T cells seem to show large tumor cross-reactivitynarker able to distinguish them from the indispensable sng|
(24), with one clone found to recognize various tumors. DP Tpositive T cells. Moreover, removal of DP T cells may not be
cells were also proposed to recognize self-antigens, asstedgerelevant since, as discussed above, they also show a béne cia
in melanoma or sclerosis patient&4 28). In most reports in  cytotoxic e ect toward tumor cells. It may thus be of interest
cancer contexts, DP T cells were consistently found to shoveMH to speci cally target their pro-tumor activities, i.e., thecsetion
class I-restricted reactivity to autologous tumor cellsaasessed of Th2 cytokines of which DP T cells seem to be a major
by cytokine production, markers of lytic capacity, lbona de producer as highlighted in this and other studi€z2{24). To
cytotoxic activity £0-24). As such, they could be consideredthis regard, IL-4 blockade in mouse tumor models was shown to
as similar to single-positive CI98T cells, showing anti-tumor reduce immunosuppressive cells, enhance anti-tumor cytotoxic
properties. However, the most notable attribute distingingh T-cell activity and thus delay tumor progression, as well as
DP T cells from conventional CD4 and CD8 single-positive Tsynergistically improve immunotherapie3d.
cells is their higher production of Th2 cytokines. Yet DP Tigel  Altogether, DP T cells from patients with urological cancers
also produce Thl cytokines, but at similar levels compared tare not only increased but particularly prone at favoring a Th2
conventional T cells42-24). Our data con rmed the general pro le at the expense of Thl cells, suggesting a deleterious role
ability of DP T cells to produce Th2 cytokines and additionallywith regard to e ective antitumor immunity in these patients.
showed that this production was enhanced in DP T cells derive®P T cells and conventional Th2 cells may fuel each other,
from urological cancer patients. It could be speculated thapromoting a subverted immune contexture allowing urologica
tumors instruct dendritic cells to favor Th2-cytokine proction  tumor escape.
by DP T cells, as already known for CD4 T celig,(35). Indeed,
the tumor microenvironment support polarization of type-2
immune cells, not only in T cells but also in macrophages,(i.e.DATA AVAILABILITY
M2) (36) and innate lymphoid cells (i.e., ILC2), as we showed i
patients with bladder cancet ().
Important heterogeneity exists in the function of DP
CD4CCD& T cells, which seems to depend on the expression
of the CD& or b subunit (L0). Albeit conicting results have AUTHOR CONTRIBUTIONS
been reported about the cytotoxic capacity of ClD8ab DP
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