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Abstract

Establishing Epstein-Barr virus (EBV)-specific cytolytic T lymphocytes (EBV-CTLs) from peripheral
blood mononuclear cells (PBMCs) for adoptive immunotherapy has been reported in EBV-associated
malignancies including Hodgkin’s lymphoma and nasopharyngeal carcinoma (NPC). In the current study,
we performed ex vivo expansion of tumor-infiltrating lymphocytes (TILs) obtained from NPC biopsy
specimens with a rapid expansion protocol using anti-CD3 monoclonal antibody (OKT3), recombinant
human interleukin (IL)-2, and irradiated PBMCs from healthy donors to initiate the growth of TILs. Young
TIL cultures comprised of more than 90% of CD3* T cells, a variable percentage of CD3*CD8* and CD3*
CD4+ T cells, and less than 10% of CD3-CD16* natural killer cells, a similar phenotype of EBV-CTL
cultures from PBMCs. Interestingly, TIL cultures secreted high levels of the Th1 cytokines, interferon
gamma (IFNy) and tumor necrosis factor-alpha (TNF-«), and low levels of the Th2 cytokines, IL-4 and IL-
10. Moreover, young TILs could recognize autologous EBV-transformed B lymphoblast cell lines, but not
autologous EBV-negative blast cells or allogeneic EBV-negative tumor cells. Taken together, these data
suggest that ex vivo expansion of TILs from NPC biopsy tissue is an appealing alternative method to
establish T cell-based immunotherapy for NPC.
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Nasopharyngeal carcinoma (NPC) is an Epstein-Barr
virus (EBV)-related malignancy with high incidence in
South China and Southeast Asia!". Conventional
chemotherapy and radiotherapy only have limited efficacy
in NPC patients with late-stage disease. With the
advantage of safety and minimal side effects, T-cell-
based immunotherapy has become an alternative choice
for patients with late-stage cancer®®. The latent type Il
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EBV antigens, including EBV nuclear antigen 1 (EBNA1),
latent membrane protein 1 and 2 (LMP1 and LMP2), and
BARF0, are often presented by tumor cells in
EBV-associated malignancies of lymphoid or epithelial
origin, including Hodgkin’s lymphoma (HL) and NPC®9,
In contrast, the latent type Ill EBV antigens, including
EBNA1-6, LMP1 and LMP2, and BARFO, are presented
by EBV-infected cells in post-transplantation lymphopro-
liferative disorder (PTLD) '™  Several groups have
treated patients with PTLD or EBV-positive HL and NPC
with adoptive immunotherapy using EBV-specific cytolytic
T lymphocytes (EBV-CTLs) derived from the peripheral
blood of patients and have obtained significant clinical
response, including control of serum EB viral load and
even tumor regression > However, the generation of
EBV-CTLs or EBV peptide-specific CTLs from peripheral
blood is a complex, time-consuming, and laborious
process, which includes setting up EBV-positive
transformed B lymphoblast cell lines (LCLs), limited
dilution cloning, culture establishment by in vitro
restimulations, and genetic engineering.
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In the present study, we report a rapid and simple
method to expand young TILs from NPC biopsy
specimens ex vivo using anti-CD3 monoclonal antibody
(OKT3), recombinant human interleukin (IL)-2, and
irradiated allogenic PBMCs to initiate rapid lymphocyte
growth. In addition, we evaluated the expansion fold,
viability, phenotype, and specific lysis of the expanded
young TIL cultures from NPC patients when compared to
the EBV-CTL cultures derived from peripheral blood of
NPC patients. Our data suggest that this method is a
new strategy for T-cell-based immunotherapy for
patients with NPC with the advantages of simple, rapid
expansion in vitro, and stable EBV-antigen specific lysis
activity.

Materials and Methods

Generation of young TIL cultures

Bulk TILs were procured and expanded ex vivo by
the methods previously described ['. Briefly, bulk TILs
were isolated from NPC biopsy specimens by mincing
the tissues up and digesting them with 0.1 pg/mL
collagenase type IV (sigma-Aldrich, St. Louis, MO, USA)
for 2 h, followed by culture in 24-well plates in
X-VIVO-15 medium (Lonza, Walkersville, MD, USA) that
contained 5% human AB serum, and 150 IU/mL
recombinant human IL-2 to generate enough T cells for
rapid expansion in 15 to 20 days.

A minimally rapid expansion protocol (REP) of
“young TILs” was performed as others reported in
melanomal™®. On the day of initiation (day 0), 1 x 10°
TILs were suspended in 20 mL of X-VIVO-15 medium
containing 5% human AB serum mixed with 30 ng/mL
anti-CD3 antibody (OKT3, R&D Systems, Minneapolis,
MN), 1000 IU/mL IL-2, as well as irradiated (40 Gy)
allogenic feeder cells attained from 3 different donors (at
a 200:1 feeder to TIL ratio) and irradiated (40 Gy)
allogenic LCLs from 2 different donors (at a 50:1 LCL to
TIL ratio). The mixture was placed in vertically positioned
T25 flasks. Half of the medium was exchanged on days
5 and 8, and cells were split as needed thereafter. Cell
phenotype and activity were assessed on day 14 of the
rapid expansion.

The generation of EBV-CTLs derived from PBMCs
was performed as described before!". Briefly, the
cryopreserved PBMCs were thawed and aliquots of 3 x
108 cells were stimulated in 24-well plates with irradiated
(40 Gy) LCLs at a 40:1 responder:stimulator (R:S) ratio.
After 7 days, viable cells were re-stimulated with the
irradiated LCLs (40:1 R:S ratio) and, 3 days later, the
cells were expanded in complete medium containing 10
IlU/mL IL-2 (R&D Systems, Inc). The cultures were
re-stimulated weekly with irradiated LCLs in the presence

of IL-2.

EBV-transformed LCLs and phytohemagglutinin
(PHA)-stimulated blast cells were set up from the
PBMCs of NPC patients as described before . The
blast cells were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum and IL-2
(100 1U/mL), whereas LCLs, NPC tumor cell line C666,
and leukemia cell line K562 were maintained in complete
RPMI-1640 medium supplemented with 10% fetal bovine
serum.

All human tissues used in this study were collected
with written informed consent provided by the patients,
and this protocol was approved by the Research Ethics
Committee of the Sun Yat-sen University Cancer Center.

Immunologic monitoring assays

TIL phenotype was determined by fluorescence-
activated cell sorting (FACS) analysis using antibodies
against CD3, CD4, CD8, and CD16 conjugated with
different fluorescent dyes (purchased from eBioscience
or BD Biosciences, San Diego, CA, USA). Intracellular
staining for interferon gamma (IFNy), IL-4, IL-10, and
other cytokines was performed on T cells stimulated by
phorbol 12-myristate 13-acetate (PMA) and inomycin or
autologous LCLs (auto-LCLs), autologous blast
(auto-blast) cells at a 3:1 R:S ratio for 4 h in the
presence of brefeldin A (10 ug/mL, Sigma- Aldrich).
Intracellular cytokines were detected using a fixation and
permeabilization protocol and buffers purchased from
eBioscience. For each sample, 1 x 10° cells were
analyzed using an FC500 flow cytometer and CXP
analysis software (Beckman Coulter, Inc., Fullerton, CA,
USA).

Cytotoxic activity assay

Cytotoxic activity was evaluated by co-culture of
target cells and TILs at different ratios for 4 h in
96-well plates. The panel of target cells included
auto-LCLs, auto-blasts, NPC tumor cell line C666,
and leukemia cell line K562. The target cells were
labeled with 5- or 6-(N-Succinimidyloxycarbonyl)-3',
6'-0,0'- diacetylfluorescein (CFSE; Molecular Probes™,
Invitrogen, Paisley, UK), co-cultured with TILs for 5 h, and
then harvested and stained with 7-amino-actinomycin D
(7-AAD) (eBioScience) to detect dead cells. The
percentage of specific lysis was evaluated using flow
cytometry and CXP software.

Statistical analysis

Numerical data are expressed as mean x standard
error in this study. Statistical differences between the
means for different groups were evaluated with SPSS
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13.0 software, using one-way analysis of variance or
Student’s f test. P values less than 0.05 were
considered significant.

Results

Generation of young TIL cultures

Young TIL cultures were established using fresh

tumor tissues from 15 NPC patients following the young
TIL production process (Figure 1). At the initiation stage,
TIL cultures were grown in IL-2 (150 1U/mL) medium in
24-well plates and reached a number of (5-50) x 10°
cells in 18 to 21 days. Next, young TILs were expanded
using a 14-day minimal REP as described in the
Methods section. After 14 days, young TIL cultures
achieved numbers of (1.2-20) x 10° cells, and the
average expansion fold was 1000 (Table 1). These data

A Schematic TIL production

Generation of bulk TIL

Rapid expansion and activation EBV-positive cells and

NPC tissue biopsy

cultures (10-12 days)

B Schematic EBV-specific CTL production from PBMCs

Peripheral blood (40-60 mL) l—.‘ PBMC isolation ‘

/'

N\

of young TILs (14 days) tumor cell recognition

‘ Generation of EBV-transformed LCLs (4-6 weeks)

Stimulation once per
week for three times

Generation of EBV-CTL
culture (3 weeks)

EBV-positive cells and
tumor cell recognition

Figure 1. The procedure of generating tumor-infiltrating lymphocytes (TILs) and Epstein-Barr virus (EBV)-specific cytolytic T lymphocytes (CTLs)
from nasopharyngeal carcinoma (NPC) tissues. A, TIL production from NPC biopsy specimens. B, EBV-CTL production from the peripheral blood
mononuclear cells (PBMCs) of NPC patients.

Table 1. Rapid expansion and phenotype of young tumor-infiltrating lymphocytes (TILs) from patients with
nasopharyngeal carcinoma (NPC)
. Expansion Cell number Culture phenotype (% of final cells)
o fold Initial Final CD3 CD8 CD4 CD16

1 2000 6.0E+06 1.2E+09 98.1 38.6 54.2 1.0
2 1724 1.45E+07 2.5E+10 97.4 87.6 9.5 3.8
3 264 1.36E+07 3.6E+09 98.1 66.3 32.8 2.7
4 669 1.42E+07 9.51E+09 94.7 76.9 8.2 2.7
5 1777 4.5E+06 8.0E+09 94.0 11.4 82.1 0.9
6 950 6.5E+06 6.2E+09 91.2 16.7 741 1.0
7 157 9.5E+06 1.5E+09 89.4 76.0 9.7 1.2
8 159 8.16E+06 1.3E+09 93.2 82.0 41 1.0
9 1382 1.28E+07 1.7E+09 92.3 13.6 79.6 1.1
10 2000 9.5E+06 2.0E+10 90.5 19.6 72.3 1.9
11 1884 5.2E+06 9.8E+09 91.5 20.9 73.3 1.5
12 554 1.28E+07 7.1E409 88.6 55.7 28.4 0.2
13 1260 6.0E+06 7.6E+09 93.3 43.7 41.9 1.2
14 292 1.3E+07 3.8E+09 96.4 66.9 23.1 2.5
15 1578 7.2E+06 1.2E+10 89.3 52.0 36.6 3.2
Average 1110 9.56E+06 7.89E+09 93.2 48.5 41.9 1.7
Standard error 709.4 3.6E+06 6.91E+09 3.2 271 28.5 1.0
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indicated that the expanded TIL number was sufficient to
establish clinical therapy.

Phenotype and cytokine profiles in young TIL
cultures

Analysis of lymphocyte subsets in the TIL cultures
from 15 NPC patients demonstrated that young TILs had
a high percentage of CD3* T cells [(93.2 + 3.2)%] and a
low percentage of CD3'CD16* natural killer (NK) cells
[(1.7 £ 1.0)%]. The percentages of CD3'CD8" T cells
[(48.5 + 27.1)%] and CD3'CD4"* T cells [(41.9 + 28.5)%]
were variable in individual TIL cultures (Table 1).

To determine the immune response ability of young
TILs after 14-day rapid expansion, we evaluated the
cytokine profiles, including type 1 cytokines IFNy and
TNFax and type 2 cytokines IL-4 and IL-10, in TIL
cultures from 15 NPC patients treated with PMA/
inomycin (Table 2). The TIL cultures had a high
percentage of CD4" and CD8" IFNy-producing T cells
[(18.8 + 5.9)% and (50.5 + 25.3)%] and CD4* and CD8"*
TNFa-producing T cells [(16.9 + 6.1)% and (45.3 =
23.3)%], and had a low percentage of CD4" and CD8+
IL-4-producing T cells [(2.5 = 2.1)% and (1.8 + 2.4)%]
and CD4* and CD8" IL-10-producing T cells [(0.1 =
0.1)% and (0.04 + 0.07)%]. These results suggest that
the young TIL cultures from NPC patients have high
levels of immune reactivity and are prioritized to secret

type 1 cytokines after T-cell receptor stimulation.

EBV-specific reactivity of young TILs

Next, we further examined the ability of young TILs
to specifically recognize autologous EBV-positive target
cells. IFNy production after EBV antigen-specific
stimulation and cytotoxic activity assay were performed
to determine the recognition of auto-LCLs (EBV*) or
auto-blast cells (EBV-) by TILs. The percentage of CD8*
IFNy-producing TILs was evaluated by FACS analysis
after auto-LCL or auto-blast cell stimulation (Figure 2A).
The percentage of CD8* IFNy-producing TILs after
auto-LCL antigenic stimulation was significantly higher
than that after auto-blast cell non-antigenic stimulation
(P < 0.001, Figure 2B).

Furthermore, the presence of EBV-specific cytotoxic
activity was investigated in 15 young TIL cultures. In
concordance with the production of IFNy stimulated by
auto-LCLs, the level of specific lysis of TILs to auto-
LCLs was approximately 30% at 10:1 (effector:target
ratio), whereas the level of specific lysis of TILs to
auto-blast cells was below 10% at any effector:target
ratio (Figure 3). Interestingly, the level of specific lysis of
TILs (TIL1, TIL4, and TIL9) to NPC cell line C666 (EBV*,
not completely HLA-matched) was lower than that of
auto-LCLs (EBV*, completely HLA matched) but higher
than that of auto-blast cells (EBV-) and leukemia cell line

Table 2. Cytokine profiles of the expanded young TIL cultures
% of IFNy-producing cells % of TNFe-producing cells % of IL-4-producing cells % of IL-10-producing cells
TIL No. CD4 cD8 CD4 cD8 CD4 CD8 CD4 CD8
1 15.5 70.9 12.1 72.3 2.1 1.1 0.1 0.1
2 141 48.0 8.8 37.2 2.4 1.0 0.3 0
3 23.4 52.1 19.7 441 1.5 0.7 0 0
4 26.9 44.8 20.1 51.3 1.6 0.4 0 0.2
5 18.3 115 17.3 5.1 7.8 8.9 0.3 0
6 18.7 10.1 25.3 5.3 6.1 6.5 0.1 0
7 29.8 43.0 24.0 37.9 2.4 1.2 0 0.1
8 26.8 71.4 19.1 65.1 1.3 0.1 0 0
9 15.6 89.4 19.3 83.1 2.1 1.2 0 0
10 16.0 87.7 22.0 81.2 1.2 0.4 0.2 0
11 16.7 35.7 15.8 42.2 1.3 1.8 0.1 0
12 8.6 44.9 7.3 34.3 0.9 1.2 0 0.1
13 21.3 35.6 24.0 36.1 1.3 0.8 0.1 0
14 11.3 29.3 12.7 32.6 5.5 2.1 0 0
15 19.4 83.5 71 52.6 1.3 0.7 0.3 0.2
Average 18.8 50.5 16.9 45.3 2.5 1.8 0.1 0.04
Standard error 5.9 25.3 6.1 23.3 2.1 2.4 0.1 0.07
TIL cultures were stimulated with phorbol 12-myristate 13-acetate (PMA)/inomycin for 4 h before fluorescence-activated cell sorting (FACS)
analysis. IFNv, interferon gamma; TNFa, tumor necrosis factor-alpha; IL-4, interleukin-4.
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Figure 2. TIL cultures expanded ex vivo produce high levels of interferon gamma (IFN-) after EBV-positive lymphoblast cell line (LCL) stimulation

compared to EBV-negative blast stimulation.
stimulation with autologous-LCLs or autologous-blast cells

K562 (EBV-), which was only recognized by NK cells for
lack of major histocompatibility complex (Figure 3A).
Collectively, our results indicated that TIL cultures from
NPC patients have a stable EBV-specific cytotoxicity with
major histocompatibility complex restriction and do not
recognize EBV-negative cells.

Discussion

In this study, we established a new method to
expand a large amount of young TILs from small NPC
biopsy specimens ex vivo. These young TIL cultures had
a high percentage of CD3*CD8" and CD3'CD4" T cells

A, flow cytometric analysis of IFNvy release from TILs after 14 days of culture ex vivo and
(effector:target = 3:1). B, average percentage of IFNvy-producing cells in expanded TIL
culture (n = 15) stimulated with autologous-LCLs or autologous-blast cells.

and low percentage of CD3-CD16* T cells, The classical
phenotype of EBV-CTL culture includes a high
percentage of CD3" T cells (>90% ) and CD3'CD8" T
cells (>80%), as well as a low percentage of CD3*CD4*
T cells (<20%) and CD3-CD16* NK cells (<10% )%,
Our data showed that the lymphocyte composition of
young TIL cultures in NPC was similar to EBV-CTL
culture derived from PBMCs, with a high percentage of
CD3* T cells and low percentage of CD16* NK cells.
However, unlike EBV-CTL cultures from PBMCs, the
percentage of CD4* and CD8" varied in TIL cultures.
Interestingly, we observed in a recent study that a
portion of EBV-CTL cultures from the PBMCs of NPC
patients had a high percentage of CD3"CD16* NK cells
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Figure 3. EBV-specific cytotoxic activity of TIL cultures. A, representative experiments illustrate the EBV-specific cytotoxic activity of TILs
from three different NPC patients to target a panel of cells, including auto-LCL (EBV*), auto-blast cells (EBV-), NPC tumor cell line C666
(EBV*), and leukemia cell line K562 (EBV-). The effector cell and target cell panels were co-cultured at different ratios for 5 h, and target

cells were labeled by 5- or 6-(N-Succinimidyloxycarbonyl)-3,6°-0,0 -diacetylfluorescein
(7-AAD) staining and fluorescence-activated cell sorting

cells was determined by 7-amino-actinomycin D

(CFSE). The percentage of specific lysis of target
(FACS) detection. One of three

experiments is shown in the figure. B, the average percentage of specific lysis of TILs to target cells, including auto-LCLs and auto-blast
cells (n = 15), is shown in the figure. Error bars represent standard deviation.

(20%-60%) and a low percentage of CD3*CD8* T cells
(<60% ), and these EBV-CTLs had a non-specific
activity®!. The young TIL cultures generated in the
present study had a higher percentage of CD3* T cells
and a lower percentage of CD3-CD16* NK cells, which
may help to maintain the specific activity of TILs.
Furthermore, these young TILs had stable EBV-specific
activity and were easier to generate and expand in vitro
compared to EBV-CTLs from PBMCs.

After performing LMP1 and LMP2 tetramer staining,
we observed that TIL cultures also contained some
LMP1 and LMP2 epitope antigen-specific CTLs!". Indeed,
accumulation of EBV-specific T cells in tumor tissues
has been demonstrated previously!™"%l |n the present

study, the specific lysis of TILs to LCLs was approximately
30% at a ratio of 10:1. These results indicated that the
young TIL cultures maintained a stable EBV-specific
reactivity after expansion and reactivation ex vivo using a
REP method. These data support that the rapid
expansion of young TIL cultures ex vivo has not only
expanded the T cell number but also reactivated the
EBV-specific effector cells. On the other hand, our
previous results showed that EBV-CTLs from the
peripheral blood of NPC patients has a different pattern
of cytotoxic activity, including pattern |, EBV-specific
cytotoxicity, characterized by efficient lysis (=25% at 10:
1 R:S ratio) of the autologous and allogenic HLA class
I-matched LCLs and no lysis of autologous PHA-
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stimulated blast cells or HLA class I-mismatched targets;
pattern Il, lymphokine-activated killer cell-type cytotoxicity,
characterized by equal lysis of HLA class I-matched and
-mismatched LCL; and pattern Ill, no cytotoxicity, where
the specific lysis against all targets was < 10% at 10:1
R:S ratio™. Moreover, 66% of EBV-CTL cultures from
the PBMCs of NPC patients had a pattern | lysis, 20%
had a pattern Il lysis, and 13% had a pattern Il lysis®.
Compared to EBV-CTL cultures from peripheral blood,
young TIL cultures all had a pattern | specific lysis in this
study. Furthermore, we have also previously observed
that the EBV-CTLs from PBMCs and TIL cultures in NPC
have different EBV epitope antigen choice!™. EBV-CTL
cultures stimulated by auto-LCLs often contained a higher
population of EBNA3A, EBNA3B, and EBNA3C
antigen-specific T cells than LMP1 and LMP2 antigen-
specific T cells®?!, In contrast, EBV antigen-specific T
cells in TILs homed to tumor tissues via their attraction to
the EBV antigens, including EBNA1, LMP1, LMP2, and
BARFO, which were presented by NPC cells in vivo.
Therefore, TILs should contain a high concentration of
NPC-recognized EBV antigen-specific T cells. As
demonstrated in our study, young TIL cultures in NPC
may have a stronger EBV-specific activity to auto-tumor
cells when compared to EBV-CTL cultures from the
PBMCs of NPC patients. The specific lysis of TILs to
auto-tumor cells was not examined in this study because
establishing individual primary tumor cell lines from NPC
patients was difficult. The antigen-specific immune
response of TIL cultures and the safety and efficacy of
autologous immunotherapy with young TILs have been
identified in phases | and Il clinical trials in melanoma
and other solid tumors!®%3! The findings presented here
support further phase I/ll clinical trials of immunotherapy
with young TILs in patients with NPC in the near future.
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