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Abstract
CD8+ Tumor infiltrating lymphocyte (TIL) in human melanomas express high levels of PD-1 and
are functionally impaired. However, adoptive cell therapy using in vitro-expanded TIL can be a
highly effective therapy for patients with advanced melanoma. This discrepancy led us to further
analyze the CD8+PD-1+ TILs. We found that the percentage of PD-1 expressing CD8+ T-cells was
higher in the tumor digests that generate tumor-reactive TILs after in vitro culture in IL-2 (P=0.0007).
Also sorted and expanded CD8+PD-1+ T-cells in tumor digests showed much higher tumor specific
IFN-γ production compared with CD8+PD-1- T-cells. These results suggested that tumor-specific
CD8+ T-cells in melanoma tumor digests are largely PD-1+, and this population can recover function
after culturing in IL-2. PD-1 has been reported as an inhibitory receptor on T-cells. We found that
the in vitro functional suppression of cultured-TILs from native levels of PD-L1 expression on
melanomas was minimal, and moreover expression level of PD-1 on CD8+ tumor-specific TILs
decreased during the culture. As a consequence, the PD-1 receptor can be a useful biomarker for
enriching tumor specific T-cells from fresh melanomas.
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Introduction
Programmed cell Death 1 (PD-1, PDCD1, CD279) has been characterized as an inhibitory
receptor on T-cells. Its physiological effects have been well delineated in animal models of
chronic viral infection where chronically antigen exposed virus-reactive T-cells can enter a
state of “exhaustion” mediated to some extent by PD-1 (1). Also in humans, a correlation
between the disease progression of some viral infections and PD-1 expression levels in viral
specific CD8+ T-cells in patient peripheral blood has been reported (2) (3). There are additional
reports suggesting a role for PD-1 in the immune response to tumors. Our previous report
showed that a majority of CD8+ T-cells in enzymatically-dispersed fresh melanomas
(particularly the tumor reactive HLAA2/MART-1: 27-35 tetramer positive population) express
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PD-1, in contrast to T cells in normal tissues and peripheral blood lymphocytes (PBL) (4). This
suggested that encountering tumor antigen in the tumor microenvironment may induce PD-1
expression on T-cells that recognize tumor. This report also showed that PD-1 expressing
CD8+ T-cells in tumor digests displayed a globally impaired capacity to produce IFN-γ even
when stimulated with PMA-ionomycin which bypasses TCR signaling. (4). These data
suggested that the majority of tumor-specific T cells infiltrating melanomas are rendered non-
reactive to tumors by the tumor microenvironment and this could be an explanation for
continued tumor growth despite their presence.

Programmed cell death ligand 1 (PD-L1, B7-H1, CD274) is a ligand for PD-1, that can mediate
inhibition of cytokine production and cell proliferation in PD-1 expressing T cells (5). PD-L1
is expressed by various tissues, including several human tumor types (6). A correlation of PD-
L1 expression levels on tumor and an unfavorable prognosis for certain tumors has been
reported (7) (8) (9) (10). Extending our previous report that PD-1 can be a marker of
“exhausted” T-cells in tumor digests, these data point to PD-1 engaging PD-L1 on tumor as a
potential mediator of the anergic state of these tumor resident, tumor-reactive T-cells.

Yet the paradox remains, that adoptive transfer of in vitro expanded tumor-infiltrating
lymphocyte (cultured-TIL) can be clinically effective in patients with advanced melanoma.
Using a regimen of preparative host lymphodepletion with cyclophosphamide and fludarabine
followed by infusion of cultured-TIL, given with supportive systemic IL-2, objective
responsive rates of 49 –72% have been seen with some patients maintaining complete responses
beyond 5 years (11) (12) (13). The majority of responding patients had previously progressed
after treatment with IL-2 without transfer of cultured-TIL. Therefore we undertook to further
examine the state of PD-1 expressing TIL in fresh melanomas and follow their status during
culture in IL-2. We also sought to determine if separation based on PD-1 expression in fresh
TIL prior to culture could be used to enrich for tumor reactivity and if other markers could
serve a similar purpose. Such information could be of utility in devising better approaches to
selecting and growing TIL populations and perhaps predicting which patients may respond in
future adoptive cell therapy trials.

Materials and methods
Tumor samples

Tumor specimens from A2+ (HLA-A*0201+; to facilitate detection of melanoma-associated
antigen reactivity with available reagents) patients were processed as described (14). Briefly,
surgically resected tumors were enzymatically digested with 0.1% collagenase type IV, 0.01%
hyaluronidase type V, and 30 U/mL deoxyribonuclease I type IV (Sigma Chemical Co., St.
Louis, MO, USA) in RPMI 1640 (Life Technologies, Gaithersburg, MD, USA) at room
temperature overnight. After filtration and separation by density gradient, digested tumors were
cryopreserved until use. On thawing, these tumor preparations showed total cell viabilities
which ranged from 50-90%.

To establish tumor cell lines, 1 × 107 digested tumor cells were cultured in T75-cm2 flasks in
RPMI 1640, including 10% fetal bovine serum (FBS; Life Technologies), 100 U/mL penicillin,
100 μg/mL streptomycin, 50 μg/mL gentamicin, and 0.25 μg/mL amphotricin B (Fungizone;
Biofluids, Camarillo, CA, USA). Tumors were passaged at approximately 80% – 90%
confluence and used when free of fibroblasts and proliferating beyond the tenth passage.

Antibodies and reagents
The following monoclonal antibodies (mAb) specific for human antigens were purchased from
BD Bioscience (San Jose, CA): APC, PE, or PE-Cy7-conjugated anti-CD3 (SK7), FITC-
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conjugated anti-CD8 (SK1), PE-conjugated anti-CD25 (2A3), PE-conjugated anti-CD27 (M-
T271), PE-conjugated anti-CD28 (CD28.2), FITC-conjugated anti-CD57 (HNK-1), PE-
conjugated anti-CD62L (Dreg-56), PE-conjugated anti-CD80, PE-conjugated anti-4-1BB
(4B4-1), PE-conjugated anti-CTLA-4 (BNI3), PE-conjugated anti-HLA-DR (L243), APC-
conjugated anti-human PD-1 (MIH4), PE-conjugated anti-human PD-L1 (MIH1), PE-
conjugated anti-human IFN-γ (B27), and isotype controls conjugated to FITC, PE or APC.
FITC-conjugated anti-human LAG-3 (17B4) was purchased from Alexis Biochemicals (San
Diego, CA), and PE-conjugated anti-Tim3 (clone 344823) was purchased from R & D systems
(Minneapolis, MN). HLAA2/MART-1: 27-35 tetramer was purchased from Beckman Coulter
Immunotech. (Fullerton, CA). Gating was always freshly determined on concurrently stained
isotype controls as background staining varied with time in culture.

In vitro expansion of TIL
Cryopreserved tumor digests were thawed into complete medium consisting of RPMI-1640
supplemented with 10% heat-inactivated human AB serum (Gemini Bioproducts, Calabasa,
CA), 100 U/mL penicillin, 100 μg/mL streptomycin, and 0.25 μg/mL amphotricin B. After
washing, tumor digests were initiated in 2ml wells of complete medium and rhIL-2
(recombinant human interleukin 2, 6000 IU/ml, (Novartis, East Hanover, NJ) in a humidified
37 °C incubator with 5% CO2. Five days after initiation, one-half of the media was aspirated
from the wells and replaced with fresh complete medium and IL-2, and this was repeated every
2-3 days thereafter as needed.

Flow Cytometry Analysis
Tumor digests or cultured TILs were re-suspended in staining buffer (phosphate-buffered
saline [PBS] containing 3% FBS) and stained with fluorochrome-conjugated antibodies
specific for human antigens (BD Bioscience). Stained cells were subsequently washed in
staining buffer twice and briefly stained with propidium iodide (PI) to exclude nonviable cells
prior to analyzing in a FACS Caliber (Becton Dickinson, San Jose, CA).

Intracellular staining of cultured-TIL to detect IFN-γ production was performed by using
Cytofix/Cytoperm Kit (BD Bioscience) according to the product instruction. Before fixation
and extra-cellular staining, cultured-TILs were co-cultured with melanoma cells (1 × 106 cells
per well) in the presence of blefeldin A (Golgiplug; BD Bioscience) at 37°C for 6h, in 2 ml
complete medium consisting of RPMI-1640 supplemented with 10% FBS, 100 U/mL
penicillin, 100 μg/mL streptomycin, and 0.5 μg/mL amphotricin B.

Tumor recognition by cultured-TIL
Cultured tumor lines (5-10 × 104 cells per well) were used as target cells. Cultured-TILs at
105 cells per well were added to tumor in a final volume of 200 μL and incubated for 20h. In
some experiments, anti-PD-L1 mAb (eBioscience, San Diego, CA) or isotype control (P3:
eBioscience) were added at 10μg/mL. Supernatant was assayed by ELISA for IFN-γ (Endogen,
Woburn, MA). A cultured-TIL was defined as possessing specific reactivity if IFN-γ release
was twice background (co-cultures of cultured-TIL with HLA-mismatched tumors) and at least
200 pg/ml.

Establishment of PD-L1 over-expressing tumor cell lines
To introduce PD-L1 into melanoma tumor lines, the PD-L1 gene was cloned by RT-PCR from
a melanoma cell line (526mel) treated with IFN-γ (1000U/ml, 48h). The gene was sequenced
and subcloned into the retroviral vector pRx-IRES-Bsr. Vesicular stomatitis virus G protein –
pseudotyped retrovirus was prepared by transiently transfecting the 293 GP cell line as
described (15). Melanoma tumor cell lines were infected with filtered cell-free viral supernatant

Inozume et al. Page 3

J Immunother. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in the presence of 8μg/mL polybrene and subsequently maintained in selection with 10 μg /
mL Blasticidin S (EMD chemicals, Gibbstown, NJ).

PD-1 enrichment and T-cell expansion
For FACS sorting, cryopreserved tumor digests were thawed and re-suspended in complete
medium consisting of RPMI-1640 supplemented with 10% heat-inactivated human AB serum,
and incubated with FITC-conjugated anti-CD8, PE-conjugated anti-CD3, and APC conjugated
anti-human PD-1 at 4°C for 1h. After wash, cells were briefly stained with propidium iodide
for exclusion of nonviable cells. Cells were sorted into lymphocyte gated, PI-, CD3+, CD8+

and PD-1+ population, and lymphocyte gated, PI-, CD3+, CD8+ and PD-1- population by
FACSAria (Becton Dickinson, San Jose, CA). If TIL were separated with magnetic beads, the
tumor digest was washed and stained for 20 minutes on ice with APC-conjugated anti-PD-1
antibody (BD). After washing, the cells were incubated with microbeads-conjugated anti-APC
(Miltenyi Biotec, Auburn, CA) and selected using LS columns (Miltenyi Biotec). These sorted
or separated populations and unseparated tumor digest were expanded in T25 flasks with 2.5×
107 irradiated PBMCs pooled from 3 allogeneic donors in 25ml of RPMI + 10% human serum
+ anti-CD3 (30ng/ml OKT-3, Ortho-McNeil Phameceuticals, Rarian, NJ) (Rapid Expansion
Protocol: REP). IL-2 (300 IU/ml) was added the next day. Fresh RPMI1640 + 10% human
serum + IL-2 (300 IU/ml) were replenished on day 5. Reactivity of the expanded cells was
tested on day 21 – day 28 by IFN-γ production.

Results
Our previous report showed that CD8+ T-cells in melanoma tumor digests contain a
significantly higher percentage of PD-1+ cells compared with CD8+ T-cells in normal tissues
and peripheral blood. Also, the majority of the tumor specific CD8+ population in tumor digests
expressed PD-1 (4). This may imply that encountering tumor antigen in the tumor
microenvironment induces PD-1 expression on tumor specific T-cells. Therefore, there is the
possibility that tumor digests with a higher percentage of PD-1+ CD8+ T-cells would contain
a higher proportion of tumor specific, albeit in situ anergized, T-cells. To examine this
hypothesis, we analyzed the relationship between PD-1 expression in CD8+ T-cells in multiple
tumor digests and tumor specific reactivity during long term in vitro culture (Figure 1). We
found a clear correlation between the percentage of PD-1+ cells in the CD8+ T-cell population
in fresh melanoma digests as well as on day 5 of culture and the reactivity of the TILs after
14-28 days in culture with IL-2. On the other hand, other T-cell markers we have examined
(CD27, 4-1BB, and LAG-3 in Figure 1 and CD25, CD28, CD40L, CD80, CTLA-4, HLA-DR,
and Tim-3; data not shown) did not show any correlation with tumor specific reactivity, except
for 4-1BB which showed a correlation of phenotype with subsequent reactivity only at day 5
of culture.

This finding raised the possibility that tumor specific CD8+ T-cells in tumor digests could be
enriched by sorting of CD8+ PD-1+ T-cells prior to culture. To examine this hypothesis, we
compared the reactivity of sorted CD8+ PD-1+ T cells, CD8+ PD-1- T-cells, and unsorted bulk
TIL from several uncultured melanoma specimens. Each population was separated from freshly
digested tumors by FACS and immediately expanded using anti-CD3 Ab, IL-2, and irradiated
feeder cells to obtain sufficient cells for analysis. After 14 days of culture in IL-2, the expression
levels of PD-1 were reexamined. The expression level of PD-1 on all sorted populations was
down-regulated during in vitro expansion (Figure 2A and 3A). The reactivity of each
population was assessed by IFN-γ release after stimulation with melanoma tumor cells
(autologous tumor cells, HLA-A2 matched tumor cells, or HLA mismatched tumor cells as a
control). In 3 of 5 patients tested, TILs expanded from CD8+ PD-1+ T-cells showed higher
tumor specific IFN-γ release in ELISA, compared to CD8+ PD-1- sorted T-cells or unsorted
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TILs. Two examples are shown in Figure 2A and 3A. Also, the frequency of tumor reactive,
IFN-γ producing T cells detected by IFN-γ intracellular staining was the highest in TILs
expanded from PD-1+ population (Figure 2B and 3B). Among these three patients, two had
sufficient tumor to replicate the entire sequence of separation, expansion and testing, one once
and the other twice. All of these replicates showed intrapatient confirmation that tumor
reactivity was highly enriched in the PD1+CD8+ fraction (details not shown). A sixth patient's
tumor underwent positive separation of PD-1+ TIL (with no CD8 separation) to explore
preparative scale methods for possible clinical application. Again the PD1+ fraction contained
the highest reactivity and greatest tumor specificity. PD1- and unseparated cells showed both
lower reactivity and more non-specific recognition of MHC-incompatible target cells similar
to the unseparated TIL (Fig. 4). In the remaining 2 cases we examined, no specific tumor
reactivity was detected in any of the separated populations (data not shown). PD-1 is reported
as a marker of terminally differentiated “exhausted” T-cells in chronic viral infection.
However, the PD-1+ sorted TIL population in these studies did not consistently develop an
exhausted phenotype (CD27-, CD28-, CD62L-, and CD57+) after 14 to 18 days in culture in
IL-2 (Figure 2A, 3A, and data not shown) (16).

PD-1 functions as an immune-inhibitory receptor, and engagement of one of its ligands, PD-
L1, inhibits TCR-mediated proliferation and cytokine production (5). Cultured TILs did not
express their own PD-L1 even after PMA-ionomycin or IFN-γ stimulation (data not shown),
however previous reports showed that PD-L1 is expressed on many tumor cells including
melanoma in vivo (6). Therefore, we examined the kinetics of PD-1 expression on TILs during
long term in vitro culture, when IL-2 is added and co-cultured tumor is lysed. Figure 5 shows
that the percentage of CD8+PD-1+ cells in total CD3+ T-cells decreased during in vitro culture
in IL-2. Also, the percentage of PD-1+ cells within the HLA-A2/MART-1: 27-35 tetramer
positive populations decreased during culture (Figure 5). To exclude the possibility that this
is due to overgrowth of CD8+ PD-1- T-cells, we confirmed that it is also observed in sorted
CD8+ PD-1+ T-cells (Figure 2A and 3A).

Finally, we investigated whether there was any short-term effect from PD-L1 expressed by
melanoma cells, on tumor recognition by PD-1 expressing tumor-specific cultured-TILs. As
shown in Figure 6A, recognition of tumors by PD-1 expressing cultured-TILs was suppressed
by PD-L1 over-expressed on tumor cells, and this suppression was reversed after adding anti-
PD-L1 antibody (top figure, control). The effect of anti-PD-L1 antibody blockade on the
recognition of native melanomas was substantially less compared to tumors transduced with
the gene encoding PD-L1, particularly with tumors where little PD-L1 could be induced with
IFN-γ (bottom left). In fact, the impact of PD-L1 blockade was significantly correlated with
PD-L1 expression level induced by in vitro pre-treatment with IFN-γ on tumor targets (Figure
6B).

Discussion
PD-1 was identified as a gene up-regulated in a T-cell hybridoma undergoing apoptotic cell
death(17). The cytoplasmic domain of PD-1 contains two tyrosine signaling motifs, that can
attenuate the TCR/CD28 signal(18). PD-1 knockout mice develop autoimmune disease in
various tissues (19,20). These findings support the concept that this molecule plays a role as
an inhibitory receptor. Recently, PD-1 was reported as a marker of exhausted viral specific
CD8+ T-cells and its expression level correlated with increased viremia in chronic viral
infection(1-3). Our previous report also showed that PD-1+ T-cells in freshly dispersed
melanomas were functionally impaired(4) when assessed by IFN-γ production, a cytokine
considered essential to an effective anti-tumor immune response(21). Thus despite T-cells with
anti-tumor potential being present, melanomas seem to be populated with PD-1 expressing
CD8+ T-cells incompetent in their cognate secretion of IFN-γ.
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In this report we have examined the character of CD8+ PD-1+ T-cells in freshly dispersed
melanomas and examined the functional role of PD-1 expressed by these TILs. Although in
our previous report, the CD8+ PD-1+ T-cell population in un-cultured tumor digests could not
make IFN-γ by stimulation with PMA-ionomycin, this report shows that purified populations
of these cells regain function during in vitro expansion in IL-2 and can make IFN-γ on
stimulation with autologous or HLA matched tumor cells (Figure 2 and 3). This is in accord
with clinical results where the adoptive transfer of cultured-TIL which have tumor reactivity
after in vitro expansion can mediate the regression of metastatic disease (11-13). Although we
saw consistent declines in the expression of PD1 on TIL during culture in IL-2, we have not
shown that this is the mechanism by which these TIL lose their anergy. In fact, the possibility
remains that other inhibitory receptors, cells and cytokines could also play important roles in
anergizing TIL in situ.

The fact that PD-1 on CD8+ T-cells is induced by antigen-specific activation suggested that
the PD-1+ T-cells in the tumor microenvironment may be exactly the population that is being
chronically exposed to relevant tumor antigens. If the anergy that results is indeed reversible,
then PD-1 expression may be an excellent biomarker for cells with tumor reactivity. Such a
biomarker may circumvent the need for cumbersome assays and autologous tumor target cells
currently needed to select the most tumor-reactive T-cell subpopulations (22). The results in
this report suggest that PD-1 could serve that function and the clinical anti-tumor activity of
these selected cells after administration in vivo should be evaluated. There have been reports
of CD137 (4-1BB) and CD131 being biomarkers for enrichment of antigen specific populations
from antigen stimulated bulk PBLs(23,24). However the requirement for stimulating the bulk
T-cell population before assessing these biomarkers and the consequent need for defined T-
cell reactivities or having autologous tumor cells for stimulation limits the utility of these
approaches. In contrast, PD-1 can be applied directly to freshly dispersed tumors with no
stimulation required.

PD-1 is reported as a receptor mediating an inhibitory signal via interaction with PD-L1(5) and
this ligand has been reported to be expressed by melanoma cells. Therefore, we determined
the impact of this potential interaction on cultured-TIL in the tumor microenvironment(6).
However, we showed that PD-1 expression by the total CD3+ CD8+ population and the
MART-1 specific T-cell population (by tetramer staining) in tumor digests decreased during
in vitro culture in IL-2 (Figure 5). Although high levels of PD-L1 on tumor after retroviral
transduction could decrease T-cell effector functions in vitro, this impact was much less
apparent using native melanoma lines (Figure 6). Still the complex interaction between PD-
L1 induction on tumor cells by IFN-γ and the modulation of IFN-γ secretion by T-cells when
exposed to tumors expressing PD-L1 remains unclear. Short term functional assays and acute
exposures to IFN-γ and PD-L1 may not accurately reflect the biology of the tumor
microenvironment.

Whatever the physiological role of PD-1 as an inhibitory receptor on melanoma TIL, its
behavior as an activation-induced inhibitory receptor and the fact that its impact diminishes as
TIL are cultured in IL-2, suggests that it might have utility as a biomarker of T-cells in
melanoma chronically exposed to relevant tumor antigens. Here, purified fresh TIL expressing
this marker contained the vast majority of tumor-reactive CD8+ T-cells which regained
functional activity after culture in IL-2. This finding may greatly simplify the methods for
selecting and expanding TIL with tumor reactivity and improve the efficacy of adoptive T-cell
therapy for melanoma.
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Figure 1. Correlation between the initial expression level of PD-1 in tumor digest and TIL reactivity
after in vitro culture
Cryopreserved tumor digests from HLA-A*0201 expressing patients with metastatic
melanoma were thawed and half of them were stained with anti-CD3, anti-CD8, PI, and
antibodies for the candidate molecules, immediately after thawing (day 0). Left tumor digests
were cultured by standard TIL generating method (described in materials and methods), and
at day 5, half of them were stained with same antibodies. The remaining TILs were grown for
another 1-3 weeks, and the tumor reactivity of each was determined by IFN- γ production. A
cultured TIL was defined as possessing specific reactivity if IFN-γ release was twice
background (co-culture of cultured-TIL with HLA-mismatched tumors) and at least 200 pg/
ml. The graph shows expression % of candidate molecules in lymphocyte, PI+, CD3+, and
CD8+ gated population. Bold line shows expression level in “reactive” cultured-TILs, and
broken line shows expression level in “non-reactive” cultured-TILs. Frequencies of marker
expression in reactive and non-reactive TIL were analyzed using the two-tailed Student's t-
test.
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Figure 2. Tumor reactive T cells in tumor digest can be enriched by sorting and subsequent in vitro
expansion of CD8+ PD-1+ population in tumor digests
(A) CD8+PD-1+ and CD8+PD-1- populations in tumor digests were enriched by FACS sorting.
Sorted cells and un-sorted bulk tumor digests were immediately stimulated and expanded by
placing in a T25 flask with irradiated 2.5×107 PBMCs from 3 allogeneic donors in the presence
of 30ng/ml OKT-3 Ab. IL-2 was added the next day (REP; rapid expansion). PD-1 expression
level of each sorted population, immediately after sorting and after the expansion was
determined by FACS analysis. Lymphocyte, PI-, and CD3+ population are shown. At day 18
– day 24, reactivity of each population was examined by IFN- γ release assay or (B) intracellular
IFN- γ staining assay by tumor stimulation. Lymphocyte, PI-, and CD8+ population are shown.
Representative data of 2 independent experiments for each case are shown.
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Figure 3. Tumor reactive T cells in tumor digest can be enriched by sorting and subsequent in vitro
expansion of CD8+ PD-1+ population in tumor digests
(A) CD8+PD-1+ and CD8+PD-1- populations in tumor digests were enriched by FACS sorting.
Sorted cells and un-sorted bulk tumor digests were immediately stimulated and expanded by
placing in a T25 flask with irradiated 2.5×107 PBMCs from 3 allogeneic donors in the presence
of 30ng/ml OKT-3 Ab. IL-2 was added the next day (REP; rapid expansion). PD-1 expression
level of each sorted population, immediately after sorting and after the expansion was
determined by FACS analysis. Lymphocyte, PI-, and CD3+ population are shown. At day 18
– day 24, reactivity of each population was examined by IFN- γ release assay or (B) intracellular
IFN- γ staining assay by tumor stimulation. Lymphocyte, PI-, and CD8+ population are shown.
Representative data of 2 independent experiments for each case are shown.
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Figure 4. Tumor reactive T cells in tumor digest can be enriched by bead separation of PD-1+ TIL
and subsequent in vitro expansion
PD-1+ and PD-1- populations in fresh tumor digest were enriched by magnetic bead separation.
Separated cells and un-separated bulk tumor digests were stimulated by the same method used
on sorted populations. On day 21, reactivity of each population was examined by IFN- γ release
assay against autologous tumor and MHC-mismatched allogeneic melanoma.
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Figure.5. Expression level of PD-1 in total CD8+ T-cells and tumor specific T-cells in tumor digests
decreases during long-term in vitro culture
Kinetics of PD-1 expression level of total CD8+ T cells (upper panel; % PD-1+ in lymphocyte,
PI-, CD3+, and CD8+ gated population) and HLA-A2/MART-1:27-35 tetramer+ population
(bottom panel: dot plot of lymphocyte, PI-, and CD8+ gated population) are shown.
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Figure.6. Effect of PD-1 – PD-L1 signal blockade on tumor recognition by PD-1 expressing
cultured-TILs are minimal
(A) Reactivity of 3 different cultured-bulk TILs (expanded by in vitro culture in IL-2 for 20-30
days) that express PD-1 were assessed by 24 hour IFN- γ release assay by stimulation with
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HLA-A2 matched melanoma cell lines in the presence of anti-PD-L1 antibody or isotype
control (10ug/ml). PD-1 expression on cultured-TILs used in this experiment is shown at the
top of the figure. Lymphocyte, PI-, and CD8+ population are shown. Top figure is a control
for the effect of anti-PD-L1 antibody, using tumor cells transduced with mock or PD-L1 gene.
Histograms show PD-L1 expression level of tumor cells transduced with PD-L1. Shaded is
stained for PD-L1, and the line is the isotype control. At bottom is a concurrent study using
untransduced, unstimulated native melanomas.
At left are histograms are showing PD-L1 expression on tumor cells before (left) and after
(right) exogenous IFN- γ stimulation (1000 U/ml, 48h). Filled is staining for PD-L1, and line
is isotype control.
(B) Reduction of IFN- γ release by PD-L1 on native tumor cells is correlated with expression
level of PD-L1 on native tumor cells after stimulation with exogenous IFN- γ. The expression
level of PD-L1 on native tumors after IFN- γ stimulation (1000U/ml, 48h) is indicated as a
ratio of MFI (MFI of PD-L1 staining and IgG1 isotype control staining). Percentage Reduction
of IFN- γ release by PD-L1 is calculated by recognition of native melanoma cell lines in the
presence of anti-PD-L1 antibody (a, indicated Figure 6A) and recognition to native melanoma
cell lines in the presence of isotype control (b, indicated Figure 6A). Average values derived
from the 3 different cultured-TILs used in Figure 6A are used for the correlation analysis.
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