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Abstract
Background: Adoptive immunotherapy with tumor-in�ltrating lymphocytes (TIL) may bene�t from the use
of selective markers, such as programmed cell death protein 1 (PD-1), for tumor-speci�c T-cell enrichment,
as well as predictive biomarkers that help identify those patients capable of rendering tumor-reactive TIL
products. We have investigated this in ovarian cancer (OC) patients as candidate for TIL therapy
implementation.

Methods: PD-1- and PD-1+ CD8 TILs were isolated from resected ovarian tumors and, after polyclonal
expansion, TIL products were tested against autologous tumor cells. Reactivity was assessed by IFNg
production (ELISPOT) and upregulation of CD137. Baseline tumor samples were examined using �ow
cytometry, multiplexed quantitative immuno�uorescence, Nanostring technology, for gene expression
pro�le (GEP) analyses, as well as a next generation sequencing gene panel, for tumor mutational burden
(TMB) calculation, to identify those features that distinguished patients with tumor-reactive and non-
tumor-reactive TIL products.

Results: Tumor-reactive TILs were detected in half of patients and were exclusively present in cells
derived from the PD-1+ fraction. Flow-cytometric studies revealed that fresh tumors from patients
rendering tumor-reactive TILs presented a signi�cantly higher frequency of CD137+ cells within the
PD1+CD8+ subset. Multiplexed immuno�uorescence supported this �nding, which was particularly
striking in intraepithelial CD8 TILs. Baseline GEP analysis showed that patients rendering tumor-reactive
TILs exhibited a signi�cantly higher T-cell in�amed signature. Despite no correlation between TMB and
GEP, both parameters strati�ed tumors, with patients with higher TMB and/or T-cell in�amed signature
score rendering tumor-reactive TILs.  

Conclusion: We have demonstrated that PD-1 identi�es autologous-tumor speci�c CD8 T cells in�ltrating
ovarian tumors and have uncovered predictive factors that identify OC patients who are likely to render
tumor-reactive cells from PD-1+ TILs. These �ndings have important implications for improving the
e�cacy of TIL therapy in OC.

Background
The adoptive transfer of tumor-in�ltrating T lymphocytes (TILs) has shown clinical e�cacy in patients
with metastatic melanoma [1] and cervical cancer [2]. TIL therapy consists of the ex vivo expansion of T
cells from tumor material and transfers back into the same patient after a lymphodepleting preparative
regimen. Accumulating evidence supports ovarian cancer (OC) as candidate for TIL therapy [3,4].
However, attempts to treat OC patients with TILs have been generally disappointing [5–7].

An important factor that determines the success of this therapy is the antitumor reactivity of the infused
cellular product [2,8]. During the TIL expansion process there is an interclonal competition with different
T-cell clones increasing or decreasing in frequency. Therefore, the more tumor-speci�c clones there are in
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the starting culture, the greater the chance of maintaining tumor-speci�c clones at an appreciable
frequency in the �nal product. This may explain why the TIL therapy has yielded objective responses in
cancers with high numbers of tumor-speci�c TILs, such as melanoma [9,10] and virus-associated tumors
[2], but not in cancers with lower numbers of tumor-speci�c TILs, such as OC [5–7].

Surface markers, such a programmed cell death protein 1 (PD-1) and CD137, have been proven to be able
to identify melanoma-speci�c CD8 TILs [11,12]. The CD8+CD137+ population is minority and largely
con�ned to the CD8+PD-1+ TIL subset. For this reason, PD-1 has been proposed as the marker that more
comprehensively identi�es the repertoire of tumor-speci�c TILs [11]. Recently, we have shown that the
enrichment and separate ampli�cation of PD-1+ CD8 TIL improves the antitumor e�cacy of TIL therapy
in mouse models of solid tumors[13].  Our results were further con�rmed by Jing et al. in hematological
tumors[14].

Overall, these �ndings have important implications since PD-1 may enable the isolation of rare tumor-
speci�c lymphocytes and allow TIL therapy to be extended to less immunogenic tumors. Several pieces
of evidence suggest that PD-1 may also demarcate tumor-speci�c CD8 T cells in ovarian tumors. Thus,
the expression of PD-1 in intraepithelial CD8 TIL has been associated with a favorable prognosis in high-
grade serous carcinomas[15]. Prior studies have shown that NY-ESO-1–speci�c CD8+ TIL from OC
patients express PD-1[16]. In addition, ovarian tumors with de�cient homologous recombination (HR)
have a higher predicted neoantigen (NeoAg) load and in�ltrating CD8 T cells in these tumors have
increased PD-1 expression[17].

Recently, investigation of potential biomarkers that may predict sensitivity to immunotherapy has
become an area of active research. In the case of TIL therapy, a number of promising biomarkers have
been discovered in the infused cell product that could predict clinical response[18,19]. However, little is
known about factors in the original tumor that may help identify patients able to render tumor-reactive
TIL products and, therefore, that might be eligible for this therapy.

In this study, we have investigated the role of PD-1 as a selective marker for the pre-enrichment, before
expansion, of tumor-speci�c CD8 TILs in OC. Using multiple molecular and cellular analyses, we have
also examined tumors at baseline to identify parameters that help us predict from which patients we can
expect to obtain tumor-speci�c TILs.

Methods
Patients and tumor processing

We evaluated 10 chemotherapy-naïve patients with different OC subtypes and at different cancer stages
as described in Additional �le 1: Table S1. After surgery, the fresh tumor underwent sterile dissection in
the Anatomic Pathology Facility (Clinica Universidad de Navarra). A representative tumor sample was
sent for formal pathological analysis, while geographically discrete (0.7-1 cm3) tumor fragments (n=2-3)
were used for tumor cell and TIL isolation after mechanical and enzymatic digestion (Additional �le 1:
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Fig. 1). Fresh tumor fragments were minced under sterile conditions and dissociated into single-cell
suspensions using the human Tumor Dissociation Kit and the gentleMAC dissociator (Miltenyi, Bergisch
Gladbach, Germany). An aliquot of the cell suspension was analyzed by �ow cytometry (FC) and the
remaining cells were magnetically labeled with non-tumor cell depletion cocktail A from the human
Tumor Cell Isolation Kit (Miltenyi). Negative and positive fractions were sorted using an LS Columns
(Miltenyi) and separately cryopreserved until further analysis. The positive fraction containing non-tumor
cells was used for TIL isolation.  Negative fraction enriched in tumor cells was used as autologous tumor
targets for TIL reactivity testing. 

Flow-cytometric analysis

Tumor single-cell suspensions were incubated with Zombie NIR (ZN) Fixable dye (Biolegend, San Diego,
CA, USA) and were, subsequently, stained with the following �uorochrome conjugated monoclonal
antibodies (mAbs), as indicated: EPCAM-FITC (9C4), CD45-PECy7 (HI30), CD3-PercPCy55 (SK7), CD4-
BV421 (RPA-T4), CD8-BV510 (SK1), PD-1-PE (EH12.2H7) and CD137-APC (4B4-1) (Biolegend) in FACS
buffer [phosphate buffered saline (PBS) without Ca2+/Mg2+, heat-inactivated fetal calf serum (0.5%,
SIGMA, San Luis, Misuri, USA), EDTA (2 mM, GIBCO, Dublin, Ireland) containing Beriglobin P (10  μg/ml,
CSL Behring GmbH, Marburg, Germany) to block Fc receptors. Cells were acquired in a FACSCanto-II
cytometer (BD Biosciences, Franklin Lakes, NJ, USA) and analyzed using FlowJo software (BD
Biosciences).

TIL isolation and expansion

Non-tumor cell-enriched fractions were thawed and rested overnight in T-cell media [1:1 mix of RPMI-
1640-glutamax (Gibco) and AIMV (Gibco), supplemented with 5% heat-inactivated human serum
(SIGMA), 12.5 mM HEPES, 100 U/ml penicillin, 100 μg/ml streptomycin, and 10 μg/ml gentamicin
(Gibco)]. The next day, cells were stained with �uorochrome conjugated mAbs against CD8 (RPAT-8 or
SK1) and PD-1 [EH12.2H7], and 7-amino-actinomycin D (dead cell marker) (Biolegend) and were sorted
into PD-1 negative (PD-1-) and PD-1 high (PD-1hi) CD8+ T cells using a FACSAria cell sorter (BD
Biosciences). Isolated cells were separately expanded using the “rapid expansion protocol” (REP) in T-cell
media containing soluble anti-CD3 mAb (OKT3) (30 ng/ml, Biolegend), human IL-2 (3,000 IU/ml,
Proleukin, Prometheus Laboratories Inc., San Diego, CA, USA), and 3×107 irradiated peripheral blood
leucocytes pooled from 3 different donors. After 12-15 days of expansion, T cells were cryopreserved until
further analysis.

TIL reactivity assessment

Expanded CD8 TILs and autologous tumor-enriched cells were thawed and separately rested overnight in
T-cell media without IL-2. The next day, TILs (5´104 cells/well) were co-cultured either alone or with target
cells [autologous tumor-enriched cells or the H929 plasmacytoma cell line, as unrelated tumor cells] (105

cells/well) in ELIIP plates (Millipore, Burlington, Massachusetts, USA) coated with puri�ed anti-human
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interferon(IFN)-g mAb (Mabtech, Stockholm, Sweden), in the presence or absence of Human leukocyte
antigen (HLA)-I blocking mAb (W6/32, Bio-x-cell, West Lebanon, NH, USA). Thirty-six hours later, cells were
lysed with water, washed with PBS-Tween-20 (0.1%) and the plate was developed using biotinilated anti-
IFN-g mAb (7-B6-1) (1h, RT), streptavidin-ALP (1h, RT) and BCIP/NBT substrate (20’, RT) (Mabtech).
Results were analyzed using a CTL-ImmunoSpot S6 MicroAnalyzer (Cellular Technology, Cleveland, OH,
USA). Data are expressed as the number of spot-forming cells (SFC) per 5´104 For each patient, the
number of target-speci�c IFN-γ SFC was determined by calculating the difference between the number of
spots generated in the absence (TILs alone) or presence of target cells (autologous tumor or unrelated
tumor). Reactivities >30 speci�c IFN-γ SFC and twice the background were considered positive. When
autologous tumor-enriched cells were available, the reactivity of TILs was con�rmed by assessment of
CD137 upregulation. Brie�y, TILs (1×105 cells/well) were cultured, either alone or with target cells (0.5-
1×105 cells/well), in T-cell media. Twenty-four hours later, cells were incubated with Zombie NIR Fixable
dye. Then, they were stained with anti-human CD45-PECy7 (HI30), CD3-PercPCy55 (SK7), CD8-APC (SK1)
and CD137-PE (4B4-1) mAbs (Biolegend), in the presence of Beriglobin P, and analyzed by FC. CD8 TILs
were identi�ed as blastic CD45+CD3+CD8+ living cells. H929 cells were acquired in 2017 from ATCC (CRL-
9068) and used to produce the working bank that was cryopreserved in N2L. Cells with 1–4 passages
from the working bank were used in the experiments. H929 cells were certi�ed as being Mycoplasma-free
by using the MycoAlert Mycoplasma Detection Kit (Lonza, Basel, Switzerland).

Multiplex immuno�uorescence staining and analysis

Multiplex immuno�uorescence (IF) staining, validation and analysis are detailed in additional �le 1:
Supplementary Methods and Fig. S2 and S3. Brie�y, 4-μm sections of formalin-�xed para�n-embedded
(FFPE) tissue samples were depara�nized and antigen retrieval was performed using DAKO PT-Link heat
induced antigen retrieval with a low pH (pH 6) or high pH (pH 9) solution (Agilent, Santa Clara, CA, USA).
Samples were stained with mAbs targeting CD4 (4B12, Agilent), CD8 (C8/144B, Agilent), FOXP3
(236A/E7, Abcam, Cambridge, UK), PD1 (NAT105, Cell Marque, Rocklin, CA, USA), CD137 (BBK-2,
ThermoFisher Scienti�c Waltham, MA, USA), cytokeratin (CK) (AE1/AE3, Leica Biosystems, Wetzlar,
Germany). Visualization was performed with the Opal 7-Color Automation IHC Kit (Akoya Biosciences,
Menlo Park, CA USA). Imagery was acquired on a Vectra-Polaris Automated Quantitative Pathology
Imaging System (Akoya Biosciences) and analyzed using InForm 2.4.8 (Akoya Biosciences).

Somatic mutation estimation

The mutational load was estimated using the Trusight Tumor 170 panel (TST170) from Illumina (San
Diego, CA, USA). DNA was isolated from FFPE sections. One cut section from each tissue sample was
stained with Hematoxylin and Eosin (H&E) and assessed for sample quality. Each H&E-stained slide was
reviewed by a pathologist to evaluate the adequacy of tumor representation, the quality of tissue
preservation, and whether signi�cant artifacts relating to �xation, processing, or pre�xation tissue
handling were present. In samples from patients 3 and 10, laser capture microdissection was performed
to enrich specimens with tumor tissue, under direct microscopic visualization. 10 to 20 5-μm-thick
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sections were used for DNA isolation. DNA extraction, library preparation and sequencing (NextSeq 500
using high-output cartridge and v2 chemistry) were performed by Macrogen according to Illumina’s
instructions. Sequence alignment and variant calling were performed using the TST170 BaseSpace
application. Variant annotation was performed using Annovar (dbSNP150, 1000G and COSMIC). To
assess the number of somatic mutations only missense_variants and
missense_variant&splice_region_variants were considered. Germline �ltering was performed by �ltering
Variant Allele Frequency (VAF) between 0.4-0.5 and >0.9. Polymorphisms were excluded by �ltering
against 1000G using a cutoff of minor allele frequencies of <0.0002. Tumor mutational burden (TMB)
was calculated as the number of somatic mutations per 0.524 Megabase pairs (the targeted genomic
regions of TST170). Multiple genomic alterations in different patients were visualized using the oncoPrint
function (R package ComplexHeatmap).

NanoString-based gene expression pro�ling

After histopathological evaluation to certify the tumor content, �ve 5-μm-thick unstained FFPE sections
were obtained from each tumor block. Samples were depara�nated with xylene and digested with
proteinase K and total RNA was extracted with the RNeasy FFPE kit (QIAGEN, Hilden, Germany) following
the manufacturer’s protocol. nCounter PanCancer Immune Pro�ling panel analysis (Nanostring, Seattle,
Washington, USA) was performed by IMIBIC (Cordoba, Spain) following the manufacturer’s instructions.
Analyses of expression were performed using nSolver Analysis Software (v 4.0), with normalization
utilizing positive and negative control probes, as well as the most stable housekeeping (HK) genes across
samples. p-values <0.05 were considered to identify differentially expressed genes (DEG). Volcano-plots
and unbiased clustering of DEG were generated using R (v3.5.3). For analysis of immune signatures, after
HK normalization, a log10 transformation was applied, and the signature score was calculated by
averaging the expression level of those genes included in (i) IFN-γ signature (6-gene: CXCL10, CXCL9,
HLA-DRA, IDO1, IFNG, STAT1), (ii) a modi�ed Expanded immune signature [including 15 genes (CCL5,
CD2, CD3D, CD3E, CXCL10, CXCL13, CXCR6, GZMB, GZMK, HLA-DRA, HLA-E, IDO1, IL2RG, LAG3, STAT1)
of the original 18 genes, and (iii) a modi�ed T-cell in�amed signature [including 16 genes (CCL5, CD27,
CD274, CD276, CD8A, CMKLR1, CXCL9, CXCR6, HLA-DQA1, HLA-E, IDO1, LAG3, PDCD1LG2, PSMB10,
STAT1 and TIGIT) of the original 18 genes[20]. Three (CIITA, NKG7, TAGAP) and two (NKG7 and HLA-
DRB1) genes were not included in the Expanded immune signature and the T-cell in�amed signature,
respectively, because they were absent in the PanCancer Immune Pro�ling Panel.

Statistical analysis

GraphPad Prism 6 software was used for graphic representation and most statistical analysis. Data from
multiplexing IF were analyzed using STATXact (Cytel Studio version 11.0.0). We used the Friedman test to
identify differences among the 10 images of the same patient. If no statistically signi�cant differences
were found, then the images were considered homogeneous and the average frequency of each cell
subset studied was calculated. To compare between reactive and non-reactive group we used non-
parametric Mann-Whitney test, two-tailed (FC, TIL reactivity, mutational load, gene signature score) or
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one-tailed (multiplexing IF) with 95% con�dence interval. Detailed information is included in each �gure
legend. 

Results
TILs in fresh ovarian tumors display variable expression of PD-1 and CD137

Single-cell suspensions of fresh human ovarian tumors comprised both CD45+ cells and EpCAM+ cancer
cells (Fig. 1 and Additional �le 1: Fig. S4). The percentages of CD4+ and CD8+ cells within the CD45+

population (Additional �le 1: Fig. S5A) ranged from 3.6 to 36.1% and from 5.9 to 31.6%, respectively, with
no differences among them. CD4+ and CD8+ TILs expressed PD-1 at variable levels (range of 1.73-72.7%
and of 0.1-88.6% for CD4+ and CD8+ cells, respectively) (Fig. 1 and Additional �le 1: Fig. S5B). No
differences were found in the percentage of PD1+ cells within CD4+ and CD8+ TILs. Expression of CD137
was much lower than that of PD-1 and con�ned to the PD-1+ subsets. Interestingly, CD137 in CD8+ TILs
were almost exclusively expressed on PD-1hi cells. There were no differences in the percentage of CD137
between PD1+CD4+ and PD1+CD8+ TILs (Additional �le 1: Fig. S5C). 

CD8 TIL reactivity against autologous tumor was con�ned to the PD-1high compartment

To determine if PD-1 may enrich tumor-speci�c T cells in OC, we isolated CD8 TILs with extreme
expression of PD-1, namely PD-1- and PD-1hi cells, from 10 resected ovarian tumors and expanded them
separately. The number of isolated PD-1- and PD-1hi CD8 TILs varied among patients. Both subsets
expanded e�ciently (Additional �le 1: Table S2). Next, we tested the ability of the expanded cells (also
referred to as TIL products) to recognize the autologous tumor using the enriched tumor-cell fraction
obtained from enzyme-digested tumors. TIL products were cultured alone or together with autologous
tumor cells or unrelated tumor cells (H929) in the presence or absence of HLA-I blockade. Figure 2 shows
data from patient P05. Notably, cells derived from the PD-1hi CD8 TIL subset, but not from the negative
counterparts, were TR cells, as determined by IFN-γ secretion (Fig. 2A) and CD137 upregulation (Fig. 2B).
We found TR TILs in 5 out of 10 patients (Fig. 2C). Remarkably, the antitumor reactivity was harbored by
cells derived from the PD-1hi compartment, as deduced by IFN-γ ELISPOT. Recognition of autologous
tumor by PD-1hi-derived cells was HLA-I-restricted (Fig. 2 and 3). Only PD-1- derived cells from patient P06
were able to recognize autologous tumor but this recognition was not HLA-I-restricted.  Recognition was
tumor speci�c since TILs did not respond to unrelated H929 tumor cells (Fig. 2 and 3). Our data indicate
that, although only PD-1+-derived T cells were able to recognize autologous tumor cells, the ability of PD-
1-selected cells to render TR TIL products varied among patients. Accordingly, patients were divided into
two groups: patients with tumor-reactive (TR) TILs (P01, P02, P04, P05 and P06) and patients with non-
tumor-reactive (NTR) TILs (P03, P07, P08, P09, P10).

Detection of CD137+ cells within the PD-1hiCD8+ TIL subset in the fresh tumor correlates with the
antitumor reactivity of the �nal TIL product
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We retrospectively analyzed FC data from tumor in�ltrates to �nd any feature that distinguished patients
from the TR and NTR groups. No statistically signi�cant differences were found in the percentage of
CD45+ cells between both groups (Fig. 3A). Notably, those patients delivering TR TILs presented a
signi�cantly higher frequency of CD8+ and CD4+ lymphocytes in the fresh tumor (Fig. 3A and B).  These
patients also showed a higher proportion of PD-1+CD8+ and PD-1+CD4+ TILs (Fig. 3A). Interestingly, while
no difference was found in the percentage of CD137+PD-1+CD4+ cells, those patients who rendered TR
TILs showed a higher proportion of CD137+PD-1+CD8+ TILs (Fig. 3A). These patients also presented a
higher frequency of CD137+ cells within the PD-1hiCD8+ population, the cell subset sorted for further
expansion (Fig. 3B). No differences were found either in the percentage of PD-1+ cells within the CD8+

and CD4+ TIL compartment, or in the percentage of CD137+ cells within the PD-1hiCD4+ population (Fig.
3B).

Patients with TR TIL products exhibited a higher percentage of CD137+PD-1+CD8+ TILs in the tumor
epithelium.

We subsequently analyzed tumors by multiplexed IF ( 4). Representative �uorescence images from
patients P05 (TR group) and P07 (NTR group) in �gure 4A show the presence of CD4+ and CD8+ T cells in
the tumor in�ltrate. CD4+ and CD8+ TILs were more prominent in the tumor stroma than in the tumor
epithelium (Fig. 4B and C). PD-1, CD137 and forkhead box P3 (Foxp3) expression was also detected in
the tumor in�ltrate, with PD-1 being the most notable marker (Fig. 4A).

Since FC analyses showed that patients who rendered TR TILs had a higher frequency of CD137+PD-
1+CD8+ cells in the tumor, we also analyzed this phenotype by multiplexed quantitative IF. Total CD4+ and
CD8+ TILs, PD-1+CD4+ and PD-1+CD8+ TILs (regardless of whether or not they expressed CD137) and
CD137+PD-1+CD4+ and CD137+PD-1+CD8+ TIL subsets were quanti�ed (Fig. 4B and C). Patients with TR
TILs products exhibited a slightly higher, but statistically signi�cant, percentage of CD137+PD-1+CD8+

TILs in the tumor epithelium (Fig. 4C). 

Antitumor reactivity of �nal TIL products was associated with higher mutational load

In order to determine if the TMB was related to the antitumor reactivity of the �nal TIL products, we
estimated the mutational load of our patients using the TST170 panel. Of the 2068 variants identi�ed
(Additional �le 2: Table S3), only 63 met the criteria for being somatic mutations (Additional �le 2: Table
S4), with a median of 4.5 mutations per patient and a range between 2 and 13 (Additional �le 2: Table
S5). Mutations were distributed along 39 genes (Fig. 5A). TP53 was the most commonly mutated gene,
consistent with the genome landscape of OC[21]. The median of the estimated TMB was 8.6, ranging
from 3.8 to 24.8 (Additional �le 2: Table S5). Remarkably, those patients with the highest TMB values
(TMB >20) (P02, P05 and P06) belonged to the group with TR TILs (Additional �le 2: Table S5). The TMB
values of the TR group were slightly but statistically signi�cantly higher than those of the NTR group (Fig.
5B).
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We also analyzed mutations in genes from the DNA damage repair (DDR) system (Additional �le 2: Table
S7). Twenty-eight genes out of about 120 genes involved in direct DDR[22] were contained in the TST170
panel (Additional �le 2: Table S8 and Appendixes 1 and 2). Eighteen out of 28 genes appeared mutated in
our patients (Additional �le 1: Fig. S6A and Additional �le 2: Table S8).  A total of 53 variants were
detected (5.3±1.9) affecting 8 different DDR pathways (Additional �le 2: Table S9).  Patients differed in
the number and type of variants (Additional �le 1: Fig. S6A), as well as in the number and type of
pathways affected (Additional �le 1: Fig. S6B). Notably, those patients with the highest TMB values (P02,
P05 and P06) presented the greatest number of variants in DDR genes (Additional �le 1:  Fig. S6B).
Patients P02 and P06 also stood out for exhibiting the greatest number of altered pathways. In addition,
patients P02 and P05 showed mutations in genes involved in the Mismatch excision repair (MMR)
process (Additional �le 1: Fig. S6B). Strikingly, the TMB values were directly related to the number of
alterations in the DDR system (Additional �le 1: Fig. S6C).

In summary, alterations in the DDR system may explain the different mutational load observed in our
patients. Whereas high values of TMB seemed to be related to the antitumor reactivity of the TIL
products, the fact that patients with relatively low TMB values also gave TR TILs suggest that other
mechanisms independent of neoantigenicity might also account for the capability of rendering TR TILs.

Immune activation gene signature at the tumor site identi�ed patients rendering TR TILs

Gene signatures of activated T cells have been shown to predict response to anti–PD-1 therapy[20]. In
order to determine if the gene expression pro�le (GEP) may also predict patients capable of eliciting TR
TIL products, we analyzed the expression of 770 immune-related genes in 8/10 patients with FFPE-tumor
RNA available. Four ovaries with non-malignant disease were included as a control. Transcriptome
analysis revealed a set of 36 DEG between the TR and NTR groups (Fig. 6A). Unsupervised hierarchical
clustering clearly separated patients from TR and NTR group, as well as the control ovaries (Fig. 6B).

Gene Ontology analysis identi�ed biological processes and pathways relevant to the antitumor response
that were signi�cantly overrepresented in tumors from the TR group (Additional �le 1: Fig. S7A and B).
Interestingly, high baseline expression of genes involved in antigen processing/presentation [PSMB9,
TAP1, TAP2, HLA-I (A, B and C) and NLRC5], T-cell activation [CD247 (CD3z), CD3E, CD3D, LCK, CD7, CD38
and ICAM3], proliferation/differentiation of cytotoxic T cells (IL2RB and IL2RG), cytotoxic activity (PRF1
and GZMB), IFN‐γ signaling pathway (STAT1), chemo-attraction (CXCL9, CXCL13, CXCR3 and CCR5), as
well as inhibitory mechanisms (HLA-G, FOXP3 and TIGIT), was associated with TR TIL products (Fig. 6B).
In addition, patients with TR TIL products exhibited a higher expression of the TNFRSF9 (CD137)
transcript that was close to statistical signi�cance (Additional �le 1: Fig. S7C). In contrast, higher
expression of genes involved in wound healing (COL3A1, FN1, THBD, THBS1 and TNFRSF1A),
mesenchymal transition and cell adhesion (COL3A1 and FN1), angiogenesis and blood vessel
development (COL3A1 and THBS1), invasiveness (DOCK9 and THBS1), as well as NF-Κb [IKBKB and
TNFRSF1A (TNFR1)] and Ras-MAPK (LRRN3) pathways, was associated with NTR TIL products.
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Recently three immune-related gene expression signatures that predict clinical response to PD-1 blockade
across multiple cancer types have been identi�ed: the IFN-g signature, the Expanded immune gene
signature and the T-cell in�amed signature[20]. Interestingly, patients rendering TR TIL products exhibited
signi�cantly higher scores for the three mentioned signatures, in particular for the T-cell in�amed GEP
(Fig. 6C).

Although the correlation between TMB and GEP was low, both parameters strati�ed TR and NTR patients
(Fig. 6D). Therefore, patients with high values of either TMB (P02, P05 and P06) or GEP (P04) rendered
TR TIL products, whereas those with low values of both biomarkers (P03, P07, P08 and P10) did not.

Finally, we also analyzed the expression of Cancer testis antigens (CTA) included in the panel. No
differentially expressed CTA genes were detected between the TR and the NTR groups (Additional �le 1:
Fig. S7C). Curiously, patient P05, who rendered highly TR TILs (Fig. 2), stood out for expressing a large
number of CTA genes.

Discussion
Adoptive immunotherapy using TILs in patients with melanoma [1] and cervical [2] cancer frequently
results in durable complete responses. However, in OC patients, responses to TIL therapy have been less
dramatic [5–7] due in part to technical di�culties in identifying and expanding the TR TIL subset. In an
effort to improve TIL therapy in OC, in this study we have investigated the ability of PD-1 marker for
ovarian tumor-speci�c T-cell enrichment.  We have found that autologous tumor-speci�c T cells were
exclusively present in cells derived from PD-1+CD8+ TILs, but not from their PD1- counterparts. These
�ndings provide a method to pre-select ovarian tumor-speci�c T cells directly from tumor in�ltrates,
without the need for complex immunological screening technologies that require antigen
prediction/identi�cation to evaluate T cells. Recently, it has been shown that PD-1 also allows the
identi�cation of tumor-speci�c T cells in MMR–pro�cient gastrointestinal cancer patients [23]. This
�nding together with our results indicate that the utility of PD-1 to select for tumor-speci�c T cells is not
restricted to highly immune-reactive tumors [11,13,14,24].

However, only in 5 out of 10 patients studied the PD-1+-derived cells were able to recognize autologous
tumor. Interestingly, those patients with TR TIL products exhibited a higher frequency of CD137+ cells
within the sorted PD-1+CD8+ population. Our �ndings reopen the debate on which marker, PD-1 or CD137,
best identi�es the repertoire of tumor-speci�c T lymphocytes [11,12]. In the only patient studied, Ye et al.
found that PD-1+CD137+ cells, but not the PD-1+CD137- subset, harbored tumor-speci�c T cells in OC [12].
These results appear to contradict Rosenberg group’s �ndings in melanoma [11], which showed that both
population comprised tumor-speci�c CD8 TILs. CD137 expression is an indication of ongoing or recent
activation of T cells [25], in contrast to PD-1 expression, which is maintained long after antigen
recognition. On the other hand, the PD-1+ TIL population is heterogeneous and houses bystander and
tumor-speci�c T cells [26], some of which may be recently activated cells (PD-1+CD137+), whereas the
large majority are cells activated long ago (PD-1+CD137-). The ratio between bystander and tumor-
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speci�c TILs vary between tumors [27], and this could explain why in OC, with smaller numbers of tumor-
speci�c lymphocytes in comparison to melanoma [11], only CD137+ cells [12] or PD-1+ cells containing
high proportion of CD137+ cells (our study) were able to render TR TILs. A more exhausted state of PD-1+

tumor-speci�c TILs in OC may also account for the di�culty of obtaining TR TIL products from this
population. Patient-related factors may also be implicated. Thus, similar to what we have found in OC,
the ability of PD-1 to enrich for tumor-speci�c TILs in melanoma patients has also been shown to be
inconsistent[24].

Therefore, the use of PD-1 as a single-marker to isolate tumor-speci�c cells appears to be controversial.
On the other hand, the expression of CD137 is transitory. Consequently, a large proportion of tumor-
speci�c T cells may be missed in the CD137- fraction. A recent study in colorectal and lung cancer has
shown that CD39 accurately distinguishes between tumor-speci�c (PD-1+CD39+) and bystander (PD-
1+CD39−) TILs[26]. In another study, co-expression of PD-1 with markers of tissue-resident memory cells,
such as CD39 and CD103, seemed to identify tumor-speci�c TILs[28]. Presumably, combinations of PD-1
with other markers would be necessary to accurately identify the full repertoire of tumor-speci�c TILs,
especially in tumors in which these cells are rare.

The �nding that those patients rendering TR TILs had a higher frequency of CD137+PD-1+CD8+ TILs
located in the tumor epithelium, suggests that their tumors may have special features that have enabled
the activation of T cells, e.g. the presence of relevant antigens or/and an immune-permissive tumor
microenvironment (TME). TMB provides an indirect assessment of tumor antigenicity because a high
level of mutations will increase the likelihood of neoAg generation. The TMB values in our patients, as
estimated using the TST170 panel, ranged from 3.8 to 24.8 mutations/Mb. These values were within the
range of those found for OC using whole-exome sequencing[29] and FoundationOne[30], although the
median values (8.6 mutations/Mb) were higher than those estimated with these methods (3-4
mutations/Mb)[29,30]. The use of a small gene panel and the low number of patients studied may have
overestimated the median TMB values[31]. Remarkably, those patients with the highest TMB levels (P02,
P05 and P06) belonged to the group with TR TILs. These patients also presented co-mutations in genes
from the DDR system, which may explain their higher TMB. Interestingly, P02 and P05 showed mutations
in genes from the MMR pathway that has been associated with high TMB values across several cancer
types[32]. Mutations in the DDR system predict clinical bene�t from ICIs treatment[33–36]. In addition, co-
mutations in different DDR pathways have also been associated with increased TMB and activated T-cell
in�ltration in OC[37].

The �nding that some patients from the TR group showed relatively low TMB values and DDR mutations
suggests that mechanisms independent of neoantigenicity might also account for the capability of
rendering TR TILs. The expression pro�le of immune-related genes re�ects the nature of the TME, which
is also an important feature of cancer immunobiology. Interestingly, tumors from patients rendering TR
TILs showed a high expression of genes involved in antigen processing/presentation, T-cell activation,
proliferation/differentiation of T cells, cytotoxic activity, IFNγ-signaling, chemo-attraction, as well as
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mechanisms to regulate T-cell response. This GEP is characteristic of immune-reactive tumors with
prolonged survival and response to ICIs[33,38]. A similar GEP has also been associated with high tumor T-
cell in�ltration in OC patients[39,40]. In line with the transcriptomic data, FC analysis of tumor in�ltrates
revealed a signi�cantly higher frequency of CD8 and CD4 T cells in those patients who rendered TR TILs.
Likewise, a high expression of genes involved in wound healing, mesenchymal transition, extracellular
matrix remodeling, angiogenesis and invasiveness, was associated with the lack of antitumor reactivity
of the �nal TIL product. The concurrent over-expression of genes involved in these processes has been
associated with the presence of immunosuppressive TME[41], T-cell dysfunctionality[42] and resistance
to anti-PD-1 therapy[33].

Three multigene expression signatures (IFN-γ, Expanded-immune and T-cell-in�amed signature) have
been associated with clinical bene�t from anti-PD-1 treatment in several cancer types[20]. Importantly,
patients rendering TR TIL products exhibited signi�cantly higher scores for the three mentioned
signatures, in particular for the T-cell in�amed GEP.  These �ndings suggest that GEP may represent a
useful tool to identify patients who are likely to render TR TILs and, ultimately, who may bene�t from TIL
therapy. 

Interestingly, while the TMB values did not correlate with the GEP score, both parameters strati�ed TR and
NTR groups. Thereby, patients with high values of either TMB and/or GEP rendered TR TIL products,
whereas those with low values of both TMB and GEP did not. Our data show some similarities with the
predictive value of TMB and GEP to anti-PD1 therapy across different tumor types[43,44]. The ability of
these two parameters to re�ect overlapping but not always coincident aspects of tumor immunology may
explain their lack of correlation.

The fact that patients with relatively low TMB rendered TR TILs suggests that the quality of neoAgs, but
not the quantity[45], or the presence of relevant shared tumor-associated antigens may have determined
the antitumor reactivity of the �nal TIL product. In the case of OC, several groups have identi�ed TILs
speci�c for private[46] and hot-spot mutations[47], as well as for CTA[4,16]. Interestingly, the patient who
in our study stood out for rendering highly TR TILs (P05), exhibited a high expression of very potent CTA,
such as NY-ESO-1, MAGEC2 and TPTE. In the future, it will be interesting to determine what type of
antigens account for the antitumor reactivity of TIL products in OC.

Conclusions
Although our �ndings will need to be validated using a larger cohort of patients, they provide a rationale
for further exploring the utility of biomarkers to (i) identify and selectively expand tumor-speci�c TILs, and
(ii) serve as guides for selecting patients who are likely to render TR TILs. In order to increase the tumor
reactivity of the �nal TIL product, other selective markers may be considered together with PD-1 to
distinguish tumor-speci�c from bystander T cells. The combination of several parameters, such as TIL
density and the presence of intraepithelial CD137+ cells in the fresh tumor together with the GEP and the
TMB, could guide future steps to de�ning an extensive predictive biomarker panel to identify patients
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eligible for TIL therapy. The use of such a predictive biomarker panel together with newer ways to select
tumor-speci�c TIL, will help to extend this cell therapy to less immune-reactive tumors, such as OC.
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Figure 1

PD-1 and CD137 expression in CD4+ and CD8+ TILs in tumor samples from OC patients. Tumor single-
cell suspensions were analyzed by FC as detailed in Material and methods. Gating strategy is described
in Additional �le 1: Fig. S4. Figure shows three representative patients (P05, P06 and P07). Names at the
top indicate the parental population. Numbers indicate the percentage of gated cells with respect to the
parental population.
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Figure 2

Cells derived from the PD-1hi CD8 TIL subset recognize autologous tumor cells. Cells expanded from the
PD-1- or the PD-1hi CD8 TIL subset isolated from different patients were co-cultured with the respective
autologous tumor cells, or with unrelated tumor cells (H929), in the presence or absence of HLA-I blocking
antibody (W6/32) and tumor recognition was assessed by measuring IFN-γ release by ELISPOT (A and C)
and the frequency of CD137+ cells by FC (B). (A and B) Antitumor reactivity of cells derived from PD-1-
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and PD-1hi CD8+ TILs from patient P05. (A) Left: picture of the ELISPOT plate. Plate-bound anti-CD3 mAb
was used as a positive control. Right: the graph shows the number of spots per 5 104 cells (mean±SD).
(B) Dot plots display the frequency of CD137+ cells in PD-1- (up) and PD-1hi (down) derived CD8 TILs 24
hours after co-culture with target cells. Cells are gated on blastic CD45+CD3+CD8+cells. (C) Antitumor
reactivity of cells derived from PD-1- and PD-1hi CD8+ TILs from each patient. The number of target-
speci�c IFN-γ spots was determined by calculating the difference between the number of spots generated
in the presence of target cells (autologous tumor or nonrelated tumor) and in their absence (TIL alone).
Reactivities >30 speci�c IFN-γ spots and twice the background were considered positive (horizontal
dotted line). Each line matches the PD-1- and PD-1hi TIL products derived from the same patient.
Mean±SD. *P ≤ 0.05. Wilcoxon matched-pairs signed rank test, two-tailed, 95% con�dence level.

Figure 3
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Detection of CD137+ cells within the PD-1hiCD8+ TIL subset in the fresh tumor correlates with antitumor
reactivity of the �nal TIL product. The phenotypic traits of CD4 and CD8 TILs in the fresh tumor
(Additional �le 1: Fig. S5) from patients who rendered TR TILs were compared with those from patients
with NTR TIL products. (A) Frequency of the indicated subsets in living cells (Zombi NIR-). (B) Frequency
of CD8+, CD4+, PD-1hi and CD137+ cells in the respective parental population. Each dot represents 1
patient’s sample. Mean±SEM. *P ≤ 0.05; **P ≤ 0.01, Mann-Whitney Test, two-tailed, 95% con�dence level.

Figure 4

Multiplex immuno�uorescence assessment of different TIL subsets in the tumor microenvironment.
Tumors were analyzed by multiplexed IF using mAbs targeting CK (Dark Blue), CD4 (yellow), CD8 (red),
PD-1 (green), CD137 (orange) and Foxp3 (magenta) molecules. (A) Representative �uorescence images
corresponding to patient P05 (TR group) and patient 07 (NTR group). Immuno�uorescent multiplexing
images were scanned with a spectral scanner (Polaris) using 20× magni�cation. Figures at the top
compile the entire staining (merge). (B and C) Average frequency with respect to total cells of different
TIL subsets in the stroma (B) and in the epithelium (C) of tumors. Total CD8+ and CD4+ cells, PD-1+CD8+
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and PD-1+CD4+ cells (regardless of whether or not they express CD137) and CD137+PD-1+CD8+ and
CD137+PD-1+CD4+ cells were quanti�ed using multiplexed quantitative analysis. Patients who rendered
TR TILs were compared with those that did not render TR TILs (NTR). No signi�cant differences were
found in the percentage of Foxp3+ TIL, neither in the epithelium or in the stroma, between both groups
(data not shown). Each dot represents 1 patient. Mean±SEM. Mann-Whitney Test, one-tail, 90%
con�dence level, Monte Carlo exact p-value estimation.

Figure 5

Patients rendering TR TILs exhibited higher predicted TMB than those with NTR TILs. (A) Oncoprint
displaying nonsynonymous somatic mutations in 39 cancer genes across studied patients. These genes
are those of the TST170 panel in which mutations were found. 95.2% of these mutations were missense
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variants (60/63) (Additional �le 2: Table S6). The digits on the left indicate the percentage of patients
who presented mutation in the indicated gene. The bars on the right show the total the number of
mutations in each gene. (B) Estimation of TMB with TST170 panel. Patients who rendered TR TILs were
compared with those with NTR TILs. Each dot represents 1 patient. Mann-Whitney Test, two-tailed, 95%
con�dence level.

Figure 6

Immune activation gene signature in baseline tumor samples distinguishes patients rendering TR TIL.
The expression of 770 immune-related genes was pro�led using the PanCancerImmune Pro�ling Panel.
Only FFPE-tumor RNA samples that met the quality control requirements percentage of 300 nucleotide-
long RNA fragments >50% and high purity  were included in the study. They included RNAs from 8
patients (P02, P04, P05 and P06, from TR group, and P03, P07, P08 and P10, from NTR group) and 4



Page 28/28

ovaries with non-malignant disease (C11-C14). (A) Volcano plot for DEG between the TR and NTR groups.
The colored circles indicate signi�cant DEG (p<0.05) with fold change >2 (green) or <0.5 (red). (B)
Heatmap showing the assortment of patients and healthy ovaries (based on the top 36 DEG between TR
and NTR groups). Rows represent genes and columns patients and controls. Gene expression was
standardized by the mean of the samples. The rows and columns have been grouped using unsupervised
hierarchical clustering. (C) Gene expression signatures associated with TR TIL products. GEP score was
calculated by averaging the expression level of the genes included in the IFN-γ signature, Expanded
immune signature and T-cell in�amed signature. (D) GEP score was plotted against the TMB value in
each patient. *P  0.05; ** P 0.01. Mean±SEM. Mann-Whitney Test, two-tailed, 95% con�dence level.
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