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ABSTRACT
Tumor-infiltrating lymphocytes (TILs) may represent a viable source of T cells for the biological treatment
of patients with gliomas. Glioma tissue was obtained from 16 patients, tumor cell lines were established,
and TILs were expanded in 16/16 cases using a combination of IL-2/IL-15/IL-21. Intracellular cytokine
staining (ICS, IL-2, IL-17, TNFa and IFNg production) as well as a cytotoxicity assay was used to detect TIL
reactivity against autologous tumor cells or shared tumor-associated antigens (TAAs; i.e., NY-ESO-1,
Survivin or EGFRvIII). TILs were analyzed by flow cytometry, including T-cell receptor (TCR) Vb family
composition, exhaustion/activation and T-cell differentiation markers (CD45RA/CCR7). IL-2/IL-15/IL-21
expanded TILs exhibited a mixture of CD4C, CD8C, as well as CD3C CD4¡CD8¡ T cells with a predominant
central memory CD45RA¡CCR7C phenotype. TIL showed low frequencies of T cells testing positive for
PD-1, TIM-3 and CTLA-4. LAG3 tested positive in up to 30% of CD8C TIL, with low (1.25%) frequencies in
CD4C T cells. TIL cultures exhibited preferential usage of Vb families and recognition of autologous tumor
cells defined by cytokine production and cytotoxicity. IL-2/IL-15/IL-21 expanded TILs represent a viable
source for the cellular therapy of patients with gliomas.
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Introduction

Cellular therapy using tumor-infiltrating lymphocytes (TILs)
has been shown to mediate clinically relevant and durable
response in patients with cancer. Regression of metastatic
lesions has been documented in up to 70% of patients with
melanoma who received adoptively transferred autologous
TILs;1 40% of patients experienced complete regression of
measurable lesions for at least 5 y following TIL treatment.2

The advent of a new screening approach for TIL-reactivity,
i.e., mining whole-tumor DNA exome sequence data, allows to
associate the clinical efficacy of TIL with their ability to
recognize mutant tumor antigens.3 Not only anti-melanoma
directed TILs but also mutation-specific T-cell responses to epi-
thelial cancer have been shown to mediate clinically relevant
anticancer directed CD4C T helper-1 (TH-1) cell responses:4

for instance, a patient with cholangiocarcinoma achieved a
decrease in tumor lesions after adoptive transfer of TILs,
containing about 25% mutation-specific polyfunctional T(H)1
cells directed against a mutation in the erbb2 interacting
protein (ERBB2IP). Upon subsequent disease progression, the
patient was retreated with TIL containing a >95% population
of mutation-reactive T(H)1 cells and experienced again tumor

regression, providing evidence that a CD4C T-cell response
against a mutant antigen can be harnessed to mediate
regression of metastatic epithelial cancer.5

Up to date, a limited number of studies were performed to
offer biological therapy for patients with gliomas. Activated T
cells have been able to control glioma growth using transgenic
expression of IL-2, delivered by a retroviral vector.6

Alternatively, infusion of recombinant IL-2 into patients with
brain tumors (n D 5) along with allogeneic cytotoxic T cells
was performed. Two of five patients succumbed to the disease
and three of five showed a clinical response defined by standard
imaging technologies.7 In total, 12 clinical trials were conducted
using either LAK cells, or targeted T-cell therapies.8-18

Quattrocci treated patients with gliomas with intra-lesional TIL
and IL-219 leading to clinically relevant responses, i.e., one
patient experienced a complete response, two patients a partial
response and three patients progressed. Given the promising
results from patients with melanoma and from patients with
epithelial cancer, TIL therapy may also represent a viable
option for the biological therapy of patients with glioma.
However, the robust expansion of glioma-TIL has been
challenging. The advent of reliable and successful expansion of
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TIL from patients with gliomas, using IL-2/IL-15/IL-21, may
now facilitate the design of cellular treatment protocols for
patients with CNS malignancies.

Results

Immunophenotype of TILs from glioma lesions

TILs and corresponding tumor cell lines from 16 patients with
gliomas were successfully established (see patients’ characteris-
tics in Table S1). The composition of TIL was evaluated after a
4 week expansion using IL-2/IL-15/IL-21, allogeneic feeder cells
and OKT3. TIL exhibited a median frequency of 94.5% CD3C T
cells; the median frequency of CD3CCD8C and CD3CCD4C T
cells was 11.9% and 79.3%, respectively (Table 1). TIL exhibited
a central (CCR7C CD45RA¡) and effector (CCR7¡ CD45RA¡)
memory T-cell phenotype in CD4C T cells (median: 50.15%
and 40.45%, respectively), in CD8C T cells (median: 41.65%
and 32.70%) and in the CD4¡CD8¡ T-cell subset (double
negative (DN), median: 53.10% and 26.75%). The median
frequency of the precursor (CCR7C CD45RAC) and terminally
differentiated (CCR7¡ CD45RAC) T cells was found to be
below 10% (Fig. 1, top panel). TILs exhibited a c-kitC (CD117)
median frequency of 0.24% in CD3CCD4C, 0.42% in
CD3CCD8C and 0.62% in DN T cells. The frequency of
CD107aC TIL (without antigenic stimulation) was 0.24% in
CD3CCD4C, 0.80% in CD3CCD8C and 2.65% in DN T cells
(Fig. 1, bottom panel). We tested the identical TIL expansion
protocol for the capacity to procure TIL from metastatic CNS
metastatic lesions and obtained a similar T-cell phenotype (i.e.,
with the majority of T cells residing in the central 56%) and
effector (27%) memory subsets (Fig. S1). TILs from metastatic
lesions exhibited low c-kit (below 1%) and CD107a (3%)
median frequencies. In order to test the impact of the Il-2/IL-
15/IL-21-based expansion protocol on peripheral blood
mononuclear cells (PBMCs), we expanded PBMCs from five
patients with glioma in the presence of IL-2/IL-15/IL-21, stim-
ulated with the tumor - associated antigen (TAA) NY-ESO-1,

autologous feeder cells and OKT3 (Fig. S2). We did not observe
an increase in the central memory subset (as observed in TILs),
yet we detected the an increase in the effector memory T-cell
subset with a median increase of 15–26% in the CD4C, CD8C

as well as in the DN (CD3C, CD4¡, CD8C, DN) T-cell popula-
tion. The TIL expansion protocol was also tested for expansion
of PMBCs from eight healthy individuals. PBMCs were
expanded with the cytokine cocktail IL-2/IL-15/IL-21 (and
OKT3) without antigenic stimulation, or alternatively, with
stimulation of a commonly recognized viral antigen, i.e.,
CMVpp65 (Fig. S3). Irrespective of the stimulation protocols
(i.e., with or without CMVpp65 antigen stimulation), we
observed a preferential expansion of effector memory T cells in
CD4C, CD8C as well as in DN T cells.

TILs were further characterized for expression of
“activation-exhaustion” cell surface markers (Fig. 2)— exhibit-
ing a low median frequency of four—1BB, CTLA-4, LAG-3 and
TIM3—positive cells in CD3CCD4C, CD3CCD8C as well as in
the CD3CCD4¡CD8¡ T-cell subpopulations, whereas PD-1C
T cells exhibited a median frequency of around 9% in
CD3CCD4C and 10% in CD3CCD8C TIL. We did not observe
Treg cells (Fig. S4) defined by CD4CCD25high CD127¡Foxp3C

T cells or by CD4CCD25high CD39CCD73C (around 1%) and
CD4CCD25¡CD39CCD73C T cell (0.22%) marker analysis.

Monoclonal and oligoclonal TIL TCR Vb composition

T-cell receptor (TCR) Vb families were analyzed by flow
cytometry. Distinct TCR Vb families in TIL from individual
patients constituted up to 99% of TCRs (Table S2, highlighted
in red), e.g., the TCRVb2 which represented 99.6% of the
CD3CCD4C population in GBM-I TIL, the TCRVb5.1 family
representing 97% of GBM-I CD3CCD8C TILs and the
TCRVb21,3 constituted 98.4% of the GBM-J CD3CCD4C TILs.
Some of the dominant TCR Vb families were shown to be
clonal, defined by TCR CDR3 length analysis and TCR
sequencing (see Table S3).

TIL recognize autologous tumor cells

We tested whether TIL recognized autologous tumor cell lines
defined by intracellular cytokine production. We observed
IFNg and TNFa production against autologous tumor cells in
TIL from individual patients, e.g., up to 7.87% in CD3CCD4C

and up to 48.70% in CD3CCD8C TIL (see Fig. 3 and for details
Table S4). We were also able to link individual TCR Vb families
with tumor recognition, e.g., the TNFa production from
GBM-D CD3CCD4C TCRVb2C TILs (representing 33.3%
TCRVb2 T cells in CD3CCD4C TIL) (Table S2 and Fig. S5):
3.5% T cells in the bulk CD3CCD4C TIL exhibited TNFa
production in response to autologous tumor cells. In contrast,
the TCRVb2 T-cell subpopulation showed a higher frequency
(13.6%.) of TNFa producing CD3CCD4C cells. Testing of TIL
reactivity, using intracellular cytokine staining revealed selec-
tive IL-2 and IL-17 production of individual TIL lines against
autologous tumor cells (Fig. S6 and Table S4). We also detected
polyfunctional CD3CCD4C T cells producing IFNg C TNFa
and IFNg C IL-2 in response to autologous tumor cells (data
not shown).

Table 1. TIL phenotype.

CD3C CD3C/ CD8C CD3C/ CD4C CD3C/ CD4¡CD8¡ CD3C/ CD4CCD8C

GBM-A 75 11.4 85.2 2.92 0.47
GBM-B 73 90.1 8.31 1.07 0.5
GBM-C 94.6 12.4 85.4 2.13 0.25
GBM-D 73.5 24.2 71.2 3.71 0.99
GBM-E 98.2 4 89.9 2.63 3.53
GBM-F 99.6 3.58 89.9 6.15 0.38
GBM-G 94.3 0.52 77.8 21.6 0.08
GBM-H 92.7 38.5 52.6 5.8 3.1
GBM-I 98.5 44.2 2.81 52.9 0.08
GBM-J 98 1.16 91.7 6.34 0.84
GBM-K 85.2 33.3 49.4 10.8 6.5
GBM-L 94.2 81.3 12.2 6.02 0.46
GBM-M 99.9 0.02 92.5 7.39 0.1
GBM-N 99.7 95.4 0.24 4.33 0.07
GBM-O 82.5 0.59 84.7 14.6 0.12
GBM-P 99.4 1.37 80.7 17.8 0.1
Median 94.5 11.9 79.3 6.1 0.4

TILs were expanded from glioma lesions and tested after a 4 week expansion using
IL-2, IL-15 and IL-21. The majority of TIL are CD3C, the numbers for CD8C, CD4C,
CD4¡CD8¡ and CD4CCD8C (activated CD4C T cells) represent the frequency of
the respective T-cell population in the parental CD3C T cells.
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The potential of TIL to produce IFNg was evaluated by incu-
bating 105 TIL for 24 h with OKT3. 4/16 TIL lines did not pro-
duce IFNg in response to TCR crosslinking (Table S5).
Autologous tumor recognition was evaluated using a 3 d
co-incubation of TIL with autologous tumor cells (data are
shown after medium subtraction, Table S5). Tumor-specific cyto-
kine production ranged from 13.32 to 1123.76pg/mL against
autologous tumor cells in 11/16 TIL lines, which could partially
be blocked (Table S5) using either the mAb W6/32 (anti-MHC-I
Ab) or the mAb L243 (anti-HLA-DR). 9/16 TIL lines were tested
in a standard Cr51 cytotoxicity assay (Fig. 4). Killing of autolo-
gous tumor cells could be detected in TILs at different effector:
target (E:T) cell ratios ranging from 25:1 to 3.12:1, which could
partially be blocked with an anti-MHC class I (w6/32) or—class
II (L243) antibody (Table S5). Using the identical TIL expansion
protocol, we have been able to expand TIL from a melanoma
lesion recognizing the autologous tumor cell line (Fig. S7).

MHC expression on tumor cells

Tumor cell lines were tested for expression of MHC molecules
(Table S6) by incubation with/without IFNg (¡/C). 93.50%
(mean) percent of tumor cells expressed MHC class I, and
8.17% (mean) exhibited HLA-DRC tumor cells without IFNg
pre-incubation, whereas the frequency of MHC class I C tumor
cells increased (median: 96.6%) and for HLA-DR up to 91.3%
upon IFNg stimulation. Not only the frequency of MCH-
expressing tumor cells, yet also the number of MHC molecules/
cells increased upon IFNg incubation: 523 (median) MHC class
I molecules per tumor cell without IFNg were detected vs. 2,744
after IFNg stimulation; similarly, the HLA-DR MFI (mean

fluorescence intensity) showed an increase upon IFNg incuba-
tion, i.e., 707 MFI/cells without IFNg vs. 4,966 MFI with IFNg.

TAAs recognition by TILs

Besides the recognition of autologous tumor cells, we observed
that TIL reacted against tumor associated antigens i.e.,
NY-ESO-1, survivin or EGFRvIII, characterized by cytokine
production (data are shown after medium subtraction, the
positive and negative control are shown in Fig. S8). Individual
TIL lines were able to produce IFNg up to 2.73% in DN T cells
and TNFa up to 4.58% in the CD4C T cells in response to NY-
ESO-1 stimulation (Fig. 5 and Table S7). EGFRvIII stimulation
resulted in 1.63% frequency of IFNg producing and 2.05%
frequency of TNFa producing CD8C TIL. In order to evaluate
whether the cytokine expansion protocol facilitates antigen-
specific expansion in PBMCs from patients with cancer or
from healthy individuals, PBMCs (from a patient with
pancreatic cancer) were stimulated with two newly identified
tumor-associated antigens, i.e., INO80E and UCHL3
(unpublished data, see Fig. S9) leading to 2% of CD8C T cells
reacting to a single epitope provided from INO80E and 0.40%
of DN (CD3C, DN) T cells reacting against a single peptide
from UCHL3. CMV was used as a surrogate antigens to expand
PBMCs from two patients with glioma and from eight healthy
individuals. Two different culture conditions were chosen in
order to resemble the TIL expansion protocol, i.e., (i) PBMCs
were restimulated twice with overlapping (15mer) peptides
from CMVpp65 without OKT3 and (ii) alternatively with
OKT3 (Figs. S10 and S11). The cytokine cocktail IL-2/IL-15/IL-
21 resulted in CMV-pp65 specific INFg and TNFa production
in up to 35% and 58% of CD4C T cells obtained from healthy

Figure 1. Top: Frequency of TIL subpopulations based on CD45RA and CCR7 marker expression and bottom: c-kit, CD107a-positive T cells. Data represent the frequency of
T-cell subpopulations in the parental CD4C, CD8C and CD4¡CD8¡ T cells. The majority of TIL resides in the CD45RA¡CCR7C (central memory) and CD45RA¡CCR7¡

(effector memory) T-cell subsets. Each dot represent the TIL line from a single individual.

ONCOIMMUNOLOGY e1252894-3



individuals; and up to 47% and 52% in CD8C T cells from
patients with glioma.

Discussion

Glioma-derived TILs could be successful expanded in 16/16
cases, using IL-2, IL-15 and IL-21, this could not be achieved
using a standard IL-2-based expansion protocol (data not
shown). The benefit of combining IL-2, IL-15 and IL-21 in TIL
expansion could be due to several factors, e.g., IL-21 has been
shown to promote expansion of TIL with strong cytotoxic
potential,2 it rescues CD8C T cells from suboptimal antigenic
stimulation and it has been shown to stimulate high affinity T
cells without the need for CD8C help;21 IL-15 and IL-21 may
therefore aid to expand “better” T cells with increased
frequencies of antigen-specific responses residing in long-term
memory T-cell subsets.22-24 The preferential expansion of
central memory T-cell subsets, defined by CD45RA-CCR7C
expression, appears to be associated with the nature of the
T-cell source (e.g., TIL), since the IL-2/IL-15/IL-21 driven
expansion of PBMCs from patients with glioma leads rather to

expansion of effector memory T cells, defined by a CD45A-
CCR7-profile. The IL-2/IL-15/IL-21 driven expansion of
central memory T cells is not only related to glioblastoma; it
can also be observed if solid cancer metastases are harvested
from CNS (e.g., metastases from melanoma or colorectal cancer
lesions, see Fig. S2); these TIL are reactive against autologous
tumor cells (Fig. S7). However, we were also able to show that
the combination of IL-2/IL-15/IL-21 leads to strong expansion
of antigen-specific T cells, reflected in the expansion of CMV-
reactive T cells in PBMCs from patients with glioma (Fig. S3).

Not only the profile of antitumor-directed T cells may be
relevant, yet also their potency to resist immune-suppressive
factors in situ, since the local milieu of brain tumors is charac-
terized by (i) Th2-oriented immune responses25 (ii) production
of immuno-suppressive cytokines, i.e., TGFb, IL-1026 and
(iii) inhibition of T-cell proliferation.27 In concert with IL-21,
IL-15 has been shown to overcome immunosuppressive effects
on tumor-reactive T cells, in part by neutralizing negative
effects of tumor-associated macrophages28 and by increasing
antitumor activity in CD8C T cells.29

IL-2, IL-15 and IL-21-expanded TILs from glioma lesions
could be used for cellular therapy with the hope to achieve
clinically relevant responses as it has been reported for patients
with melanoma or other solid cancers.30, 31 Non-myeoloabla-
tive regimens, i.e., fludarabine and cyclophosphamide, have
been reported to facilitate the transfer of T cells,32 along with
Interleukin-2 application, to ensure survival of transferred
cells.33 Central memory T cells (CD45RA¡CCR7C) have been
shown to exhibit stronger proliferative potential in adoptive
TIL therapy and are most likely the best candidates to provide
long-term antitumor reactivity.34, 35 The passive transfer of T
cell clones, directed against tumor-associated antigens, showed
that tumor-reactive T cells persist, acquire a central-memory
phenotype and are able to mediate long-term (up to 3 y) remis-
sions in individual patients.36 Similar results were obtained
using ex vivo expanded polyclonal T-cell products.37 Our data
show that the majority of glioma TIL reside in the
CD45RA¡CCRC central memory T-cell subset and may
therefore represent a viable source for adoptive cellular therapy
along with antitumor reactivity: individual TIL clones reported
here (e.g., GBM-J: 98.4% CD4CVb21.3 or GBM-N: 90.70%
CD8CVb7.1 T cells; Table S2) show specific reactivity directed
against autologous tumor cells (Fig. 4) defined by cytokine
production and/or by cytotoxicity.

Note that absent IFNg production in individual TIL lines
(see Table S5A) does not preclude the clinical transfer of these
T cells. Particularly, TIL that showed low or absent IFNg
production (Table S5A) exhibited strong cytolytic reactivity in
the Cr51 release assay (Fig. 4). More recent data showed that
TIL are able to target cancer mutations and that these T cells
mediate clinically relevant regressions.5 A similar mechanism
may be clinically relevant for patients with glioma, supported
by the notion that the frequency of mutations in glioma has
been associated with stronger T-cell infiltrates.38

The method described in the current report allows now to
reliably expand TIL, that react against autologous glioma cells
and to perform tumor DNA exome-sequencing with the
subsequent analysis of TIL-defined tumor-associated targets.
A caveat of the current study is that recognition of autologous

Figure 2. Frequency of exhaustion and activation marker (CD25, CD127, 4–1BB,
PD-1, TIM-3, LAG-3 and CTLA-4)—positive populations in CD4C, CD8C and
CD4¡CD8¡ TIL (16 individual patients).
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tumor cells was tested using short-term (autologous)
established tumor cell lines, which may not represent the
diversity of tumor cells presented in the resected cancer
lesion.39 Tumor cells with “stem cell like properties” have been
identified in cancer and “stem cell-associated targets,” includ-
ing CD133, may represent clinically relevant TAA in some
brain tumors40-42 leading to target-specific T-cell responses.43

A dense infiltration of CD8C TIL into CNS tumors has been
reported to be correlated with increased survival44 making TIL
infusion an attractive therapy option for adoptive cellular

therapy.45,46 A dose-escalating clinical phase I TIL trial at
Karolinska for patients with gliomas is currently being prepared.

Materials and methods

For more detailed information concerning the Materials and
methods section, please refer to the supplementary data.

Diagnosis and patients

Sixteen patients (Table S1) with gliomas were enrolled. The
study was approved by the regional ethical review board at
Karolinska Institutet, Stockholm, Sweden (Dnr: 2013/576–31).

TIL expansion

Glioma tumor tissue was harvested in the course of tumor
surgery at the Department of Neuro-Oncology at Karolinska
Hospital. Tumor tissue was immediately transferred to Cellgro
(CellGenix, Catalog Number: 20801-0500) medium supple-
mented with 5% pooled human AB serum (Innovative
Research, Catalog Number: IPLA-SERAB-14668). Tumor tissue
was dissected into fragments (approximately 1–2 mm3) using a
sterile scalpel (for TIL production) or processed into a tissue
homogenate using a Medimachine (BD, California, USA
Cat:340588) for tumor cell line production. Tissue fragments of
the cell suspension were washed two times with ice-cold PBS
and cultured in 24-well plates in GMP Serum-free DC medium
(CellGenix, Catalog Number: 20801-0500) plus 5% pooled
human AB serum (Innovative Research, Catalog Number:
IPLA-SERAB-14668) supplemented with recombinant IL-2

Figure 4. TIL recognize autologous tumor cells. A standard Cr51 cytotoxicity assay
was performed using nine matched TIL/tumor samples, low reactivity to Daudi
and K562 (data not shown).

Figure 3. Frequency of IFNg and TNFa producing TIL in response to autologous tumor cells. Numbers represent the percentage of T cells specifically producing IFNg
(black circles) and TNFa (open circles) in the parental CD8C, CD4C or (CD3C), CD4¡CD8¡ TIL subsets. Each circle represent TIL from an individual patient. Medium values
have been subtracted. Right panel: example flow cytometric analysis of CD4C and CD8C TIL producing cytokines directed against autologous tumor cells.
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(1000 IU/mL) (Prospec, Catalog Number: cyt-209-b)/IL-15 (10
ng/mL) (Prospec, Catalog Number: cyt-230-b)/IL-21 (10 ng/
mL) (Prospec, Catalog Number: cyt-408-b). Medium was
changed when necessary. Irradiated (55Gry) feeder cells
(allogeneic PBMCs) at the ratio of 1 (feeder cells):10 (TILs) was
added on day 7. TILs were transferred into six-well plates; as
they covered >70% of the 24-well surface, they were further
expanded in G-Rex flasks (Wilson Wolf, Catalog Number:
800400S) using 30 ng OKT3/mL and irradiated (55Gry)
allogeneic feeder cells at the ratio of 1 (feeder cells):5 (TILs).

Tumor cell generation

Tumor tissue was dissected into fragments (approximately 1–2
mm3) as described above using a sterile scalpel or processed into a
tissue homogenate using a Medimachine (BD, Catalog Number:
340588). The tissue fragments of the cell suspension were washed
two times in PBS and then cultured in T25 flasks (Thermo Fisher
Scientific, Inc., Catalog Number:734-0045) using RPMI 1640
L-glutamine (2 mM) with antibiotics (penicillin,100 IU/mL and
streptomycin, 100 mg/mL) (Life Technologies, Catalog Number:
61870) plus 20% Fetal Bovine Serum (Life technologies, Catalog
Number: 10270-106). TILs and tumor cell from metastatic brain
tumor lesion could be expanded with the same protocol.

Immunophenotype, “activation/exhaustion” and
Tregs analysis

TILs and PBMCs were stained using the same Ab cocktail as
described previously47 and in detail in the supplementary data.
Analysis was performed using a FACS Aria flow cytometer (BD
Biosciences, Stockholm, Sweden) and FlowJo software.

Intracellular cytokine staining

At day 1, a 12 h stimulation of 1 million cells at 37 �C was per-
formed using EGFRvIII, NY-ESO-1, survivin and CMV-pp65
peptides. TILs were also exposed to autologous tumor cells for
12 h and tested for cytokine production. Stimulation was
stopped by incubating cells at 4 �C. At day 2, TILs were washed
and stained using the same Ab cocktail and protocol as
described47 (in detail in the supplementary data).

Vb test and PCR-based TCR CDR3 analysis

TCR Vb frequency staining was performed using the b Mark
TCR Vb Repertoire Kit (Beckman Coulter, Catalog Number:
PN IM3497) along with co-staining with anti-CD3 PE-Cy7
(BD Biosciences, Catalog Number: 300316), anti-CD4C Krome
Orange (Beckman coulter, Catalog Number: PN A96417) and
anti-CD8a APC-Cy7 (BD Biosciences, Catalog Number:
557834). After washing, a FACS Aria flow cytometer (BD
Biosciences, Stockholm, Sweden) was used for acquisition and
data analysis was performed by FlowJo software. TCR CDR3
analysis was performed using the TCR Vb panel as described
before.48 Through PCR, the TCR Vb CDR3 analysis was
performed using the TCR Vb family specific primer set panel
described48,49 (see for details, the supplementary data).

TIL-tumor cell co-cultures and IFNg ELISA

TILs were exposed to autologous tumor cells in 96-well plates
in triplicates and T-cell responses were blocked with W6/32
(Sigma-Aldrich, Catalog Number: 84112003) or L243
(Biolegend, Catalog Number: 307602) at 1 mg/well. Cells were

Figure 5. Frequency of IFNg and TNFa producing CD4C, CD8C and CD4¡CD8¡ TIL in response to commonly shared tumor-associated antigens, i.e., EGFRvIII, survivin and
NY-ESO-1. Medium responses have been subtracted.
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seeded at 20,000 TILs/well at an E:T ratio of 10:1. Supernatants
were harvested at days 3 and 7 and tested for IFNg by ELISA
(Mabtech, Catalog Number: 3420–1H-20). The capacity of TIL
to produce IFNg was tested by placing 105 TILs/well (in 0.2 mL
IL-2, IL-15, IL-21— containing TIL-medium) in triplicates in
96 well plates containing 30 ng/mL OKT-3. Control wells
contained TIL without OKT-3; supernatants were harvested
after 24 h and tested for IFNg production by ELISA (see
above).

Cytotoxic assay

A chromium 51 (Cr51) release assay was performed to measure
lytic activity. Serial dilutions of TIL were performed ranging
from 25:1 to 3.12:1 TIL: tumor cell ratio. Tumor cells without
TILs and TIL (plus medium only) served as the negative control
(spontaneous release), 5% Triton X-100 (Sigma-Aldrich, Catalog
Number: 93426) and Cr51-labeled cells served as the positive
control (maximum release). The number of target cell per well
was 10,000 cells. Target cells were labeled with 250 mCi/mg
Na2CrO4 (PerkinElmer, Catalog Number: NEZ030005MC) at
37 �C for 1 h. After washed with PBS for three times, target cells
were re-suspended in in RPMI 1640 L-glutamine (2 mM) with
antibiotics (penicillin,100 IU/mL and streptomycin, 100 mg/mL)
(Life Technologies, Catalog Number: 61870) plus 10% Fetal
Bovine Serum (Life Technologies, Catalog Number: 10270-106)
at a concentration of 105 cells/mL and then distributed to 96-
wells plate at 10,000/well. TIL and tumor cells were incubated
for 4 h at 37 �C and 5% CO2. After 4 h, 50 mL of supernatant
was transferred from each well to an Isoplate 96-well sample
plate (PerkinElmer, Catalog Number: 6005040) containing
200 mL OptiPhase Super Mix (PerkinElmer, Catalog Number:
1200-439); the sample plate was sealed by a plastic cover
(PerkinElmer, Catalog Number: 1450-461) and mixed for a few
seconds to ensure a homogenous solution. Cr51 radioactivity
was measured using a 1450 Microb Trilux scintillation counter
with the Microb workstation software 4.0 (PerkinElmer, MA,
USA). For each effector:target (E:T) cell ratio, the percentage of
specific lysis was calculated as follows:

% specific lysis D 100£ sample count permin¡ spontaneous release
max release¡ spontaneous release

Ab block killing

TILs were co-incubated with radioactively labeled autologous
tumor cells in the E:T ratio of 12.5:1 in the presence of W6/32
(anti MHC-I Ab) or L243 (anti HLA-DR Ab) in a 4 h Cr51
release assay (1mg mAb/well), the non-MHC directed mAb
directed against the first component of complement C1q (mAb
242G3) served as the isotype control antibody.

MHC-I and -II expression

Tumor cells were cultured in RMPI, supplemented with 10%
FBS and recombinant IFNg (ImmunoTools, Catalog Number:
352712) was added at 100 U/mL. After 4 d, tumor cells were
collected and washed once with PBS, then tumor cells (with or

without IFNg stimulation) were stained with anti HLA-ABC-
FITC (Beckman Coulter, Catalog Number: IM1838U) or the
HLA-DR APC-Cy7 (BD Biosciences, Catalog Number: 335831)
antibodies for 15 min and washed once with PBS once. A
FACS Aria flow cytometer (BD Biosciences, Stockholm,
Sweden) was used for data acquisition, analysis was performed
using FlowJo software. In order to translate MFI into the
number of MHC molecules per tumor cell, the quantum MFSF
Kit (Bangs Laboratories Inc., Catalog Number: 555A) was used
to enumerate molecules/cells. Results were reported as percent
of tumor cells showing MHC class I or HLA-DR expression as
well as the number of molecules/cell (for MHC class I), or
HLA-DR (MFI).
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