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Purpose: In previous research, we have found that LMP1-specific chimeric antigen (HELA/
CAR) T cells can specifically recognize and kill LMP1-positive NPC cells. However, the tumor-
inhibitory effectiveness of HELA/CART cells needs to be enhanced.

Methods: We created two CARs that contain the T cell receptor-( (TCR-{) signal transduc-
tion domain with the CD28 and CD137 (4-1BB) or CD134 (OX-40) intracellular domains in
tandem (HELA/137CAR or HELA/134CAR). Then, the tumor-inhibitory functions of two
new CAR-T cells were investigated, both in vitro and in vivo.

Results: The results showed that, after short-term expansion, primary human T cells were
subjected to lentiviral gene transfer, resulting in large numbers of cells with >80% CAR
expression. All CART cells were effective in killing SUNE1-LMP1 and C1R-neo cells, while
HELA/137CART cells produced greater quantities of IFN-y and IL-2 than HELA/CART
cells. However, the level of IL-2 not INF-y secreted by HELA/134CART cells was increased
under the stimulation of LMP1 antigen. In an LMP1-positive NPC mouse xenograft model,
HELA/137CART cells exhibited better antitumor activity and longer survival time in vivo
compared with HELA/CAR T cells.

Conclusion: The findings suggest that CD137 and CD28 is a better costimulatory signaling
domain than CD28 only for optimizing tumor-inhibitory roles.

Keywords: chimeric antigen receptors, LMP1, EBV, CD137

Introduction
Latent Epstein—Barr virus (EBV) infection is associated with a heterogeneous group
of malignancies, including Burritt’s lymphoma, Hodgkin’s disease, nasopharyngeal
carcinoma (NPC), gastric adenocarcinoma, and lymphoproliferative disease
(LPD)." EBV-specific CTLs have been used successfully to treat EBV-LPD** but
have shown less efficacy for other EBV-associated malignancies, mostly due to the
downregulation of EBV proteins. The EBV latent membrane protein 1 (LMP1) is
essential for EBV-mediated transformation and tumorigenesis, and it is widely
expressed in multiple human malignancies, including NPC, EBV-positive
Hodgkin’s disease, and peripheral T/NK-cell lymphomas.*> As LMPI is highly
limited to EBV-associated cancer cells, LMP1 has been identified as an ideal target
for EBV-positive malignancies.®’

The genetic engineering of T cells to express chimeric antigen receptors (CARs)
has emerged as a promising strategy for cancer treatment. CARs combine an
antigen recognition domain of a specific antibody with the signaling domains of
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the TCR CD3( chain or/and a costimulatory domain that
can trigger T-cell activation in a manner similar to endo-
genous T-cell receptors. The costimulatory domains,
including the intracellular domain of CD28 and a tumor
necrosis factor receptor (TNFR) family member such as
CD134 (0OX-40) and CD137 (4-1BB), can remarkably
augment cytokine secretion, promote CAR-T cell survival
and enhance the CAR-T cell killing function in preclinical
animal models of cancer and in solid tumors.*’

In our previous research, we have reported that HELA/
CAR T cells can specifically recognize and kill LMP1-positive
NPC cells.'” In this study, we constructed two 3rd-generation
CARs, HELA/137CAR and HELA/134CAR, by adding
CD134 or CD137 signaling domains between the CD28 and
CD3( domains. Compared to HELA/CAR, HELA/137CAR
showed superior antitumor activity and long-persistence prop-
erties in an LMP1-positive NPC xenograft model.

Materials And Methods
Cell Lines And Culture

Human tumor cell lines consisting of SUNE1, LMP1-over-
expression SUNE1-LMP1 and C666-1 cells (NPC cell line)
were kindly provided by Novartis Pharmaceuticals Co., Ltd.
EBV-LMP1-negative HNE2 cells (NPC cell line) and HNE2-
LMP1 (cell line constantly expressing LMP1 after the intro-
duction of full-length LMP1 cDNA into HNE2 cells) were
purchased from Xiangya Central Experiment Laboratory,
EBV-negative Ramos cells (Burkitt’s lymphoma cell line),
EBNA-positive Daudi cells (Burkitt’s lymphoma cell line)
and Raji cells (Burkitt’s lymphoma cell line) and RPMI 6666
cells (Hodgkin’s lymphoma cell line), neomycin drug-resis-
tant C1R-neo cells (B-cell lymphoblastoid cell line) were
obtained from American Type Culture Collection (ATCC)
(USA), and B95-8 cells (The EBV-producing marmoset
B-cell line) were kindly provided by Dr. Song (Baylor
College of Medicine, USA), and the EBV-transformed LCL
was prepared by infecting human B cells with EBV. Human
tumor cells and T cells were cultured in RPMI-1640
(GIBCO, Invitrogen), supplemented with 2mM L-glutamine,
100 U/mL penicillin, 100pg/mL streptomycin, and 10%
heat-inactivated defined fetal calf serum. All cells were
maintained at 37°C in a humidified atmosphere of 5% CO,.

Generation And Expression Of

Recombinant Anti-LMPI CARs
The LMPI-scFv-CH2CH3-CD28-CD134-CD3( (HELA/
134CAR) and LMP1-scFv-CH2CH3-CD28-CD137-CD3(

(HELA/137CAR) cells were generated as follows. The
DNA coding for the endodomains of CD134 (aa 241-277)
and CDI137 (aa 214-255) was synthesized and subcloned
into the HELA/CAR vector between the CD28 and CD3(
sequences by GenScript.'""'? Lentiviral transduction of
T cells with recombinant receptors was described in detail
previously, and receptor expression was monitored by flow
cytometric analyses.®'® Peripheral blood mononuclear cells
(PBMCs) derived from healthy donors were collected and
processed by Ficoll-Hypaque density-gradient centrifuga-
tion in Jiangsu Blood Center. Written informed consent
was obtained from all the participants enrolled this study
and the whole protocol was approved by the Ethics
Committee of Nanjing Medical University.

Lentivirus Production And Transduction
Of T Cells

To produce lentiviral supernatant, Lenti-X"™ 293 T cells
(Clontech, USA) were co-transfected with HELA/134CAR
or HELA/137CAR vector, plasmid psPAX2 encoding the
sequence for lentiviral envelope expression, and plasmid
pMD2.G containing the sequence for VSV-G using
293fection™ (Life technologies,
USA). Supernatants containing the lentivirus were collected
48 and 72 hrs later and concentrated 60-fold by ultracentri-
fugation (Amicon Ultra 100 kD, Millipore, USA).
Anti-CD3/CD28 activated T cells were transduced with
lentiviral vectors as previously described.'* Briefly, periph-

transfection reagent

eral blood mononuclear cells were isolated via discontinu-
ous density-gradient centrifugation on diluted Ficoll-Paque
PLUS (GE Healthcare Life Sciences, USA). Peripheral
blood mononuclear cells (1x10° per well) in a non-tissue
culture-treated 24-well plate (BD Biosciences, USA) were
coated with CD3 (eBioscience, USA) and CD28 monoclo-
nal antibodies (eBioscience, USA) at a final concentration
of 1 pg/mL. On day 2, cells were harvested for lentiviral
transduction. For transduction, we precoated another non-
with 0.5 mL
RetroNectin (20 pg/mL) in PBS for 2 hrs at room tempera-
ture (Takara, JP). Wells were washed with HBSS (Sigma,
USA) and incubated for 2 hrs at 32°C with lentivirus.
Subsequently, 5x10° T cells per well were transduced with
lentivirus in the presence of 100 wunits/mL hIL-2
(eBioscience, USA). After 48 to 72 hrs, cells were removed
and expanded with 50 units/mL of hIL-2 for 10 to 15 days
before use. T cells transduced with HELA/CAR, HELA/
134CAR, HELA/137CAR, or control lentivirus were used

tissue culture-treated 24-well plate
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as HELA/CART, HELA/134CART, HELA/137CART, and
Mock cells. T cells without infection were employed as
control cells.

Flow Cytometry

We used a FACS Calibur instrument (BD) and FlowJo
software for all flow cytometric analyses (>10,000 events).
In all cases, negative controls included isotype antibodies.
Cells were washed once with PBS before the addition of
antibodies. After 30 mins of incubation at 4°C in the dark,
the cells were washed once and resuspended in FACS
buffer (eBioscience, USA) before analysis.

T cells were analyzed with anti-CD8 PE, anti-CD4 APC,
and anti-CD3 PerCP (eBioscience, USA), and tumor cell
lines were analyzed with anti-LMP1 F(ab), and anti-Fab
FITC (Jackson ImmunoResearch, USA). CAR vectors also
coded ZsGreen fluorescent protein, which can be detected by
flow cytometry. The percentage of T cells positive for
ZsGreen fluorescent protein indicated the lentivirus transfec-
tion efficiency. The surface expression of CAR was con-
firmed using APC IgG Fc
(BioLegend) and R-PE-protein L to detect scFv expression

anti-human antibody

of CAR (Celltechgen technology) as previously described.'

Cytotoxicity Assays

A slightly modified version of a previously published flow
cytometry cytotoxicity assay was used.'” In this assay, NPC
cell lines (SUNE1-LMP1 and SUNEI) or B lymphoma cell
lines (C1R-neo and Ramos) were labeled at 1x10° cells/mL
with 5 uM Cell Proliferation Dye eFluor® 670 (670) in PBS
(eBioscience, USA). The cells were mixed and incubated at
37°C for 30 mins, then washed and suspended in cytotoxicity
medium (RMPI1640 + 3% bovine serum albumin [BSA]).
CAR T cells were added at the indicated E:T (effector:target)
ratios. Four hours after co-incubation, 50 pg/mL propidium
iodide (PI; Sigma) was added to stain for dead cells, and the
cells were immediately analyzed by flow cytometry. Internal
controls included single color-stained target cells and PI and
double-stained targets in the absence of transduced T cells to
determine the percentage of target cells undergoing sponta-
neous lysis. The percentages of labeled target cells that were
PI+ vs PI- were determined for each condition. Dead target
cells were defined as double positive for 670 and PI. Gated
670 cells were analyzed for the presence of PI. The percen-
tage of specific tumor cell lysis was calculated using the
following equation: (PI+ cells/total number of 670+ cells)
x100%, corrected for the number of spontaneously lysed
targets.

Detection Of IFN-y, IL-2, And Cell

Proliferation

Lymphoma C1R-neo cells were washed and suspended in
T cell culture medium at 1 x 10° cells/mL without IL-2.
We then plated 1x10° target cells in a 96-well round
bottom plate. In the absence of IL-2, effector cells and
target cells were mixed at a ratio of 1:1 in T cell culture
medium at a concentration of 1x10° cells/mL, and the
assay was performed in triplicate. The plate was incubated
at 37°C for 24 hrs. The concentrations of [FN-y and IL-2
in supernatant were determined by an ELISA kit according
to the manufacturer’s instructions (eBioscience). The num-
ber of CART or control T cells were determined directly
by counting manually using hemocytometer every day, and
then the multiple cell proliferation was calculated.

Xenograft Model Construction And

Treatment

BALB/c nude mice were purchased from Model Animal
Research Center of Nanjing University and kept in SPF
conditions at Huadong Medical Institute of Biotechniques.
All the animal experiments were performed under protocols
approved by the Ethics Committee for Animal Research in
Nanjing Medical University. For the SUNE1-LMP1 xeno-
graft model, mice subcutaneously injected with 5x10°
SUNE1-LMP1 cells were sacrificed after the tumor diameter
was approximately 0.5 cm; the tumors were excised rapidly,
cut aseptically into 1 mm?® pieces, and inoculated subcuta-
neously into the flanks of experimental mice. After inocula-
tion, tumor sizes were measured every 10 days with Vernier
calipers; volumes were calculated by the following formula:
1/2 x length x (width)?. Tumors were allowed to grow for 10
days, and the tumor burden reached approximately 100 mm®.
The mice were randomly assigned to six different groups
(N=6/group). The animals were injected with 4x10° T cells/
100 pL on days 10, 20, and 30 intravenously through the tail.

Immunohistochemistry

Tumor sections were incubated with monoclonal rabbit anti-
CD3( antibody (ab188850, Abcam) overnight at 4°C. After
washing, the sections were incubated with biotin-labeled
goat anti-rabbit antibody for 30 mins at room temperature
and were subsequently incubated with streptavidin-conju-
gated horseradish peroxidase (HRP). Sections were colorized
with 3,3-diaminobenzidine (DAB) chromogen solution and
counterstained with hematoxylin. All sections were immu-
nostained at the same time and under the same conditions.
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The results were examined by two investigators in a blinded
manner, and a detailed protocol of THC evaluation was
described previously.'®

Statistical Analysis

The data are reported as the means=SEM. Statistical analysis
was performed by the use of unpaired Student’s z-test (tumor
volume). Student’s #-test was used to evaluate differences in
cytokine secretion and specific cytolysis. GraphPad Prism
5.0 (GraphPad Software) was used for the statistical calcula-
tions. p<0.05 was considered significant.

Results
Efficient Generation Of CAR T Cells

Using Lentiviral Gene Transfer

Based on the HELA/CAR structure, the intracellular
regions of CD134 and CD137 were inserted between
CD28 and CD3( of HELA/CAR T cells to construct 3rd-
generation HELA/134CAR T cells and HELA/137CAR T
cells targeting LMP1 (Figure 1A).

By using lentiviral vectors and transductions at a multi-
plicity of infection of 50, the CARs which could be
expressed over 85% in primary T cells were measured by
flow cytometric analysis of ZsGreen, human IgFc or scFv
expression (Figure 1B and Supplementary Figure S1A).
The expression of anti-LMP1 CAR was also detected by
Western blot analysis (Figure 1C). There was over 50-fold

expansion of CAR+ T cells, which could be achieved after
transduction and growth in ~10 days (Figure 1D). The
expression levels of the CAR in primary lymphocytes
were stable for at least 6 weeks after transduction
(Supplementary Figure S1B).

HELA/134CAR T cells (HELA/134CART) and HELA/
137CAR T cells (HELA/137CART) are effective in killing
LMP1-positive tumor cells.

There were significant differences in LMP1 expression
and NPC cell
(Supplementary Figure S2). In this study, the LMP1-posi-
tive NPC cell line SUNE1-LMP1, the LMP1-positive lym-
phoma cell line C1R-neo, the LMP1-negative NPC cell
line SUNE1, and the LMP1-negative lymphoma cell line
Ramos were selected as target cells.

To enhance the functionality of the anti-LMP1 CART
cells, we introduced the signal transduction domains of
CD134 or CD137 in the HELA/CAR (Figure 1A). In the
results of the SUNE1-LMP1 cytotoxicity assays, HELA/
CART, HELA/134CART, and HELA/137CART were able

in different lymphoma cells lines

to more effectively lyse SUNE1-LMP1 cells than were
control T cells at target cell ratios of 20:1, 10:1, 5:1, and
2:1. However, there was no significant difference in the
killing rate of SUNEI1-LMP1 between HELA/CART,
HELA/134CART, and HELA/137CART (Figure 2A and
B). CAR-triggered cytotoxicity is antigen-specific, with
only negligible lysis of Ramos cells that lack the expression
of the LMP1 (Figure 2C), but these CART cells were
effective at killing C1R-neo cells (Figure 2C). Moreover,
the cytotoxic activity of HELA/CAR co-cultured with
SUNEI cells is demonstrated in Supplementary Figure S3.

The Effects Of The Costimulatory
Domain On The Cytokine Secretion Of

CAR-Driven T Cells

Following CAR activation with SUNE-LMP1 cells, T cells
expressing CARs produced abundant quantities of interferon-y
(IFN-y) and interleukin-2 (IL-2) compared with mock and
control T cells (Figure 3). In addition, HELA/137CART cells
produced larger quantities of IFN-y (2022 pg/mL vs 1656 pg/
mL, p <0.05) but not HELA/134CART cells (1790 pg/mL vs
1656 pg/mL, p = 0.45) compared with HELA/CART cell
(Figure 3A). In comparison, both HELA/134CART and
HELA/137CART cells secreted increasing IL-2 (1445 pg/mL
vs 1187 pg/mL, p < 0.05 and 460 pg/mL vs 1187 pg/mL, p <
0.05) (Figure 3B) comparing to HELA/CART cells, but there
was no significant difference between HELA/134CART and
HELA/137CART cells in IL-2 secretion (p > 0.05). When
CARs were stimulated with LMP1-negative SUNE cells, all
of the CART cells and mock or control T cells secreted similar
concentrations of [FN-y and IL-2 (Supplementary Figure S4A
and B). When these CART cells incubated with LMP1-posi-
tive B-cell lymphoblastoid cell line CIR-neo and LCL, IFN-y
and IL-2 expression were similar when CART cells incubated
with SUNE-LMP1 cell line (Figure 3C and D and
Supplementary Figure S4C and S4D). There was no visible
difference of IFN-y and IL-2 expression when HELA/CART
cell co-cultured with LMP1-negative cells compared with the

control groups (Supplementary Figure S4A and B). These
findings confirm that the addition of costimulatory domains
into CARs could modulate cytokine secretion.

HELA/137CART Inhibits Tumor Growth

More Effectively Than HELA/CART In Vivo
CART cells targeting LMP1 were able to effectively inhi-

bit the growth of SUNEI-LMP1 subcutaneously in nude
mice. Forty days after the tumor cells were inoculated
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Figure | Lentiviral gene transfer combined with aCD3/aCD28 antibody-mediated activation of T cells permits the generation of large numbers of aLMP|-specific chimeric
antigen receptor (CAR") T cells. (A) Schematic diagram showing the aLMP|-specific CAR used in this study. (B) aLMP|-specific CAR surface expression in primary human
CD3+ T cells by detecting ZsGreen expression. Expression was examined 8 days after transduction with the indicated CAR-encoding lentiviral vector at an MOI of ~50. (C)
CD3( expression analyzed by Western blot analysis of aLMP | -specific CART cells. (D) In vitro expansion of CD3+ T cells following activation with aCD3/aCD28 antibodies

and transduction of the indicated CAR on day 2. Data are representative of 3-5 independent experiments, PBMC isolated from different individuals.

subcutaneously, the HELA/137CART group was able to
inhibit tumor growth more effectively than the HELA/
CART and HELA/134CART groups, while the HELA/
134CART group performed better than the HELA/CART
group (Figure 4A and B). On day 44, all mice were
sacrificed. The subcutaneous tumors were paraffin-
embedded and stained with H&E. The results showed

that compared with the control group and the control
T cells group, the tumor tissue necrosis area of the
HELA/CART, HELA/134CART, and HELA/137CART
groups was larger, and more lymphocyte infiltration was
detected in the necrotic tumor tissue. The control group
also showed tumor tissue necrosis in some areas, but the

tissue necrosis range was small, and there was no
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Figure 2 Cytotoxic activity of CART cells co-cultured with SUNEI-LMP| and CIR-neo cells. On day 10, transduced cells were transferred into IL-2 free medium
for 24 hrs, the HELA/CAR T cells were incubated with SUNEI-LMPI| or CIR-neo cells at the indicated E:T ratio for 4 hrs, and killing of target cells was quantified
using a FACS-based cytotoxicity assay. Mean values +SEM calculated from three independent experiments are shown. (A) Representative images of FACS-based
cytotoxicity assay. (B) SUNEI cells that express LMPI (SUNE-LMP1) were used as target cells for the cytotoxicity assay. Effector cells were added at the ratio
indicated. The killing rates of HELA/CART, HELA/134CART, and HELA/I137CART cells to SUNEI-LMPI cells were significantly higher than that of control T or
mock cells, but cytotoxicity of the three CART cells is similar. (C) CIR-neo and Ramos cells were used as target cells for the cytotoxicity assay. All of CART cells
showed superior killing effectiveness to CIR-neo cell line compared with controls. In comparison, these CART cells rarely exerted killing role on Ramos cells.
*p<0.05; ***p<0.001.

was noticed between HELA/137CART and HELA/
134CART (Figure 4E).

lymphocyte infiltration (Figure 4C). Anti-human CD3(
antibody was further used to detect lymphocytes infiltrat-
ing into the tumor by immunohistochemistry. IHC results
showed that HELA/CART, HELA/134CART, and HELA/
137CART could migrate to tumor tissue, which implies

Discussion
CART cells can bind to the surface of targeted tumor cells with

that CART cells were able to infiltrate and kill LMP1-
positive tumor cells (Figure 4D). ImageJ analysis showed
that the expression of CD3( in HELA/I34CART and
HELA/137CART was significantly higher than in HELA/
CART. In comparison, no difference of CD3{ expression

high affinity and specificity and perform the cytotoxic activ-
ities of T cells in a non-MHC-restricted manner. Human T
lymphocytes modified with CARs can recognize tumor-asso-
ciated antigens and have been acknowledged as a revolution-
ary method for cancer immunotherapy. Although anti-CD19
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Figure 3 CART cells produced IFN-y and IL-2. (A and C) HELA/CARTT cells released significant amounts of IFN-y when co-cultured with SUNEI-LMPI and CIR-neo cells.
The results are expressed as the mean+SEM and reflect data from three biological replicates. The x-axis indicates the concentration of IFN-y. (B and D) HELA/CART cells
released significant amounts of IL-2 when co-cultured with SUNEI-LMPI cells and CIR-neo cells. The results are expressed as the mean+SEM and reflect data from three
biological replicates. The x-axis indicates the concentration of IL-2. ¥p<0.05; **p<0.01, **p<0.001.

CART has recently achieved impressive clinical breakthrough
in patients with CD19-positive hematologic malignancies,'”'®
the results of CART cell treatment in solid tumors have been
unsatisfactory.

One limitation of CART cell therapy is that TAAs
(tumor-associate antigens) are not specific to tumors but
are also expressed by normal cells, leading to on-target,
off-tumor toxicity. Since LMP1 is specifically expressed
on EBV-malignant tumors, LMP1-targeted CART therapy
can theoretically achieve promising treatment outcomes
for LMP1-positive tumors.'® In addition, previous studies
have characterized the incorporation of CD137/CD134
domains in CART therapy, which could dramatically
enhance the therapeutic effectiveness.”??! Previously,
we have demonstrated that a HELA/CAR T cell caused
specific cell lysis in LMP1-positive NPC. In this study, we
created two novel HELA/137CART and HELA/134CART
by adding CD134 or CD137 co-stimulatory domains on

the basis of the previous HELA/CART. Although there
was no significant difference in the killing rate of LMP1-
positive tumor cells between HELA/CART, HELA/
134CART, and HELA/137CART, the production of IFN-
vy and IL-2 was significantly higher in HELA/134CART
and HELA/137CART than in HELA/CART, implying the
critical potential of tumor-inhibitory activity of HELA/
134CART and HELA/137CART. As expected, HELA/
134CART and HELA/137CART showed better tumor-inhi-
bitory effect in xenograft tumors than HELA/CART.
Furthermore, the tumor volume of HELA/137CART
group is smaller than HELA/134CART group. Several
reports showed that chimeric receptors with CD134 or
CD137 exerted more powerful and specific cytotoxicity
against tumor cells.”' > However, few reports compared
the effect of CD134 and CD137 tandem with CD28.
CD134 and CDI137 are two important members of the
tumor necrosis factor (TNF)-nerve growth factor (NGF)
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Figure 4 Antitumor activity of HELA/CART cells in a xenograft model in vivo. (A) BALB/c nude mice were inoculated with SUNEI-LMPI cells overexpressing
LMPI and allowed to develop established tumors over 10 days. The results are expressed as the mean tumor volume (mm?) (mean+SD) for the six groups (N=6/
group). The HELA/I37CART group was able to inhibit tumor growth more effectively than the HELA/CART and HELA/134CART groups. *p<0.05; **p<0.01. (B)
Images of representative tumor samples from sacrificed mice are shown. (C) The tumor samples were paraffin-embedded and stained with H&E. The tumor tissue
necrosis area of the HELA/CART, HELA/I134CART, and HELA/137CART treatment groups was larger and showed more lymphocyte infiltration, compared with
control groups. (D) Immunohistochemical (IHC) staining for anti-human CD3( was performed on tumor samples. HELA/I134CART and HELA/137CART cells were
more likely to infiltrate into tumors than HELA/CART cells. (E) The percent of human CD3(-positive cells in tumor tissue. The ratios of HELA/I34CART and
HELA/137CART groups are high than HELA/CART group. ns, no significant difference; ***p<0.001.
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receptor family, which have been acknowledged as critical
costimulatory molecules for cellular activation.®* For
example, CD137 was substantial for T-cell persistence
and expansion.”>*® Nevertheless, CDI134 and CD28
CART cell could induce activation-induced cell death
(AICD) and reduce antitumor efficiency in vivo in spite
of producing higher INF-y°.

Another obstacle of CART therapy is short duration time.
To exert the activity of tumor eradication, the survival time of
CART cells is required to be at least one week.”’
Unfortunately, CART cells are often eliminated before full
action.”®*” It has been reported that CD137 plays an important
role in T cells proliferation and survival through the activation
of the AKT target of rapamycin pathway and the upregulation
of the anti-apoptotic genes.* Kawalekar et al also showed the
pivotal role of CD137-related signaling in inducing serial
metabolic regulation, including the elevation of respiratory
capacity, fatty acid oxidation, and mitochondrial biogenesis,
leading to the enhancement of T cell differentiation and
survival.’! In our study, the THC result demonstrated that
HELA/137CART and HELA/134CART could still be signifi-
cantly detected in xenograft tumors after 44 days, unlike
HELA/CAR. Our results are in agreement with the previous
findings and highlight the crucial implications of HELA/
137CART for immunosurveillance and tumor eradication.

Moreover, previous studies generally used retrovirus or
electroporation to introduce the chimeric receptor.>” In this
study, we employed lentiviral gene transfer, which permits
highly efficient generation of CART cells, with >70%
successful gene transfer. We also used retroviral vectors
to express HELA/CAR, but these exhibited significant
silencing of CAR expression along with cell expansion
in vitro (data not shown).

To sum up, the generation of HELA/137CART exhibits
LMP1-specific tumor-inhibitory effectiveness and pro-
duces more IFN-y and IL-2 than HELA/CART cells in
response to LMP1 antigen. Our findings underline a
novel and promising strategy for immunotherapy for
LMP1-positive tumors.
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