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Interactions between costimulatory molecules and their receptors are vital for Ag-presenting dendritic cells (DCs) to
initiate T cells activation, expansion and their antitumor immune responses. Augmentation of costimulatory signal
due to the interaction of DCs and T cells may amplify, sustain and drive diversity of cytotoxic T lymphocytes (CTLs) and
consequently enhance the antitumor response. 4-1BBL/4-1BB is such a pair of costimulatory ligand and receptor, playing
an important role in the co-stimulation of CTLs. Previously, we demonstrated that DCs transduced with recombinant
adenovirus encoding truncated PSMA (tPSMA) and m4-1BBL could induce prostate cancer regression in mouse models.
In the present study, we further explored the adjuvant role of 4-1BBL in modulating CTLs activation induced by tPSMA
gene-pulsed DCs. The apoptosis and cytotoxicity against tPSMA expressing RM-1 cells of CTLs were determined. Results
showed that tPSMA gene-pulsed DCs effectively induced T lymphocyte activation and cytotoxicity, which was enhanced
by upregulated expression of 4-1BBL, displaying better cell viability, lower CTLs apoptosis, higher expression anti-
apoptotic protein of Bcl-xL and phosphorylation of P38, enhanced NF-«B activation, as well as more IFN-y production.
These results demonstrated that 4-1BBL may play a significant role in the co-stimulation pathway for Ag-presenting DCs-

mediated CTLs activity, which might be a beneficial adjuvant factor for DCs-based cancer immunotherapy.

Introduction

Dendritic cells (DCs) are the most potent professional antigen-
presenting cells (APCs), which display a powerful capacity to
induce, sustain and regulate T-cell-mediated immune responses
providing the opportunity of DCs-based vaccination for can-
cer immunotherapy.! DCs express high levels of MHC class 1
and class II antigens along with several different costimulatory
molecules, which are crucial to break peripheral tolerance and
thus induce tumor immune responses. Several reports demon-
strated that systemic immunotherapy with DCs-based vaccines
are capable of inducing potent antitumor responses.”® Prostate
cancer (PCa) are the most frequently diagnosed cancer in old
men and also the second leading cause of male cancer death in
the Western countries.* More than 400 prostate cancer patients
have been treated with DCs-based immunotherapy to date and
immune responses have been reported in two-thirds of these,
resulting in clinical responses in almost half of the patients
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treated.” Definitely, DCs-based cancer immunotherapy aims at
eliciting a CTLs response directed against tumor antigens to
eliminate residual tumor cells and thereby improve survival and
quality of life of cancer patients.

CTLs are among the most powerful immune cells in control-
ling both viral infections and cancer regression. However, despite
their potent activity, CTLs-mediated anti-tumor responses in
cancer patient are rare.® Even among responses in prostate cancer
patients accepted DCs-based immunotherapy, most were mod-
est and transient.® It is due to a variety of reasons, such as dif-
ficulties in stimulating CTLs response to cancer antigens and
the resistance of solid tumors to CTLs-mediated killing. It has
been proven that DCs are more or less inhibited by cytokines
secreted from tumor cells and fail to activate lymphocytes effec-
tively in cancer patients due to less costimulatory expression.”
Furthermore, tumor cells usually express insufficient activat-
ing signals resulting in immune ignorance.®’ These deficiencies
weaken the antitumor response mediated by DCs-induced CTLs.
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Figure 1. Detection of tPSMA expression. Recombinant adenovirus
Ad-tPSMA was constructed and identified by immunoblot detecting
the expression of tPSMA in RM-1 cells. Total cell lysates were harvested
and presence of tPSMA protein was detected by anti-PSMA polyclonal
antibody. A specific band was identified in RM-1 cells transfected with
Ad-tPSMA but not in none-transfected RM-1 cells. B-actin was used as
reference.

Therefore, approaches to augment he insufficient co-stimulation
are meaningful for facilitating CTLs activation and such a strat-
egy has been proven to be practicable.”

Effective CTLs activation requires signals derived from the
T-cell receptor (TCR) after being triggered by the antigenic
peptides presented by MHC molecules on the surface of DCs
and co-stimulation signals mediated by the interaction between
costimulatory receptors and ligands."! More importantly, a strong
co-stimulation signal could help induce high-avidity CD8* T cells
that killed target cells more efficiently. In the absence of a strong
MHC/peptide signal, co-stimulation played a crucial role.'?
Therefore, appropriate activation of dendritic cells to express a
variety of costimulatory molecules is a vital component of a can-
cer vaccine. However, without appropriate antigen presentation,
stimulation of CTLs will not be achieved. Previously, we dem-
onstrated that DCs transduced with recombinant adenovirus
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Figure 2. IL-4, IL-10 and IFN-y production. DCs transduced with Ad-eGFP,
Ad-m4-1BBL, Ad-tPSMA, Ad-tPSMA-IRES-m4-1BBL or none were co-
culture with T cells. Supernatants were harvested for IL-4, IL-10 and IFN-y
production assay by ELISA. Data were shown as mean + SD. Similar results
were obtained from three independent experiments. *p < 0.05.
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encoding truncated PSMA and m4-1BBL could induce pros-
tate cancer regression in mouse models.” PSMA is an overex-
pressed membrane-bound cell surface protein on prostate cancer
cells and is an ideal target for prostate cancer immunotherapy."
4-1BBL (CD137L), the counter receptor for 4-1BB, is a member
of the TNF (ligand) superfamily and serves as a secondary signal
to activated T cells. 4-1BB signaling can induce cytokine produc-
tion, expansion and functional maturation of CD4* and CD8*
T cells.”"” A soluble 4-1BBL has also been shown to overcome
immunological ignorance, allowing immunization with tumor-
derived peptide to induce a protective CTLs response.'®

In this study, we further investigated how DCs modified with
truncated PSMA and 4-1BBL to enhanced function of CTLs to
kill prostate cancer, including lymphocyte proliferation, IFN-y
secretion, cell viability and cytotoxicity for exploring the recogni-
tion of 4-1BBL as an immunoadjuvant for DCs-based anti-pros-
tate cancer strategy.

Results

tPSMA expression. Recombinant adenovirus Ad-tPSMA was
constructed, and identified by immunoblot detecting the expres-
sion of tPSMA in RM-1 cells infected with recombinant adeno-
virus Ad-tPSMA for 48 h. tPSMA protein was detected in cells
infected with Ad-tPSMA, but nothing in the control cells (Fig. 1).
B-actin protein was detected at similar levels in all samples.

IL-4, IL-10 and IFN-y production. DCs transduced with
Ad-eGFP, Ad-m4-1BBL, Ad-tPSMA, Ad-tPSMA-IRES-m4-
IBBL or none were coculture with T cells. Supernatants of co-
cultures were harvested and tested for IL-4, IL-10 and IFN-vy by
ELISA. The data was normalized to viable cell numbers at 48 h
after re-stimulation. The secretion of IFN-y by T lymphocytes
were significantly enhanced by stimulation with DCs transduced
with Ad-tPSMA or Ad-tPSMA-IRES-m4-1BBL when compared
with that with DCs transduced with Ad-eGFP or Ad-m4-1BBL
or none (Fig. 2) (p < 0.05). The highest level of IFN-y were
produced when stimulated with Ad-tPSMA-IRES-m4-1BBL-
transduced DCs. T lymphocytes did not exhibit any increase in
IFN-vy secretion when co-cultured with Ad-eGFP-transduced
DCs, or Ad-m-4-1BBL-transduced DCs, or neither. However,
the production of IL-4 and IL-10 did not show significant dif-
ference (Fig. 2). It demonstrated that tPSMA gene-pulsed DCs
could effectively induce IFN-vy production by T lymphocyte,
which was enhanced by upregulated expression of 4-1BBL.

The expression of IkB-a, NF-kB, P38 and BclxL. CTLs
were induced by DCs transduced with Ad-eGFP, Ad-m4-1BBL,
Ad-tPSMA, Ad-tPSMA-IRES-m4-1BBL or none, then total cellu-
lar proteins and nuclear extracts were collected for detecting IkB-
a, P38, BclxL and NF-kB p65 by Immunoblot. Immunoblot
analysis showed decreased expression of IkB-a, but NF-kB p65
and phosphorylation of P38 were enhanced in CTLs induced by
Ad-tPSMA-IRES-m4-1BBL-transduced DCs compared with
CTLs induced by Ad-tPSMA-transduced DCs, total expression
of P38 did not display any significant difference in all groups
(Fig. 3). Ad-tPSMA-IRES-m4-1BBL-transduced DCs induced
higher expression of Bcl-xL in CTLs than Ad-tPSMA-transduced
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DCs, however, both of which were upregulated in CTLs com-
pared with DCs transduced with Ad-eGFP or Ad-m4-1BBL or
none (Fig. 3). It demonstrated that upregulation of 4-1BBL could
enhance the expression of Bcl-xL, phosphorylation of P38 and
NF-kB activation in CTLs induced by tPSMA gene-pulsed DCs.

Apoptosis of CTLs. CTLs induced by DCs were collected for
detecting apoptosis by staining with FITC-conjugated annexin
V and PI. The data of flow cytometry displayed that the apopto-
sis rate of CTLs stimulated by DCs transduced with Ad-tPSMA
or Ad-tPSMA-IRES-m4-1BBL was reduced compared with that
stimulated by DCs transduced with Ad-eGFP or Ad-m4-1BBL or
none (Fig. 4). However, Ad-tPSMA-IRES-m4-1BBL-transduced
DCs induced more apoptosis of CTLs than DCs transduced
with Ad-tPSMA (Fig. 4). It demonstrated that upregulation of
4-1BBL could enhanced anti-apoptosis of CTLs induced by DCs.

Tumor-specific CTLs activity. T cells isolated from C57BL/6
mice were co-cultured with mitomycin C (MMC) treated-five
types of mature DCs (Ad-tPSMA-IRES-m4-1BBL-tranduced
DCs, Ad-tPSMA-transduced DCs, Ad-1BBL-tranduced DCs,
Ad-eGFP-transduced DCs and none-transduced DCs, respec-
tively). After being stimulated twice with DCs, CTLs were
induced cytotoxic activities against the RM-1-tPSMA. The
cytotoxic activity was enhanced with increased ratio of effector-
to-target cells (Fig. 5). CTLs pulsed with Ad-tPSMA-IRES-m4-
IBBL-transducted DCs displayed highest cytotoxic activity, and
Ad-tPSMA-transduced DCs induced higher cytotoxic activity
than DCs transduced with Ad-eGFP or Ad-m4-1BBL or none
(p < 0.05). This cytotoxic activity was antigen-specific, in that
none of these cells showed detectable cytotoxic activities against
the RM-1 tumor cells (Fig. 5). It demonstrated that 4-1BBL
modified DCs pulsed with tPSMA gene could induce enhanced
prostate cancer-specific CTLs activity.

Discussion

DCs are the most potent APCs currently known for induction
of antitumor immune responses and have been recognized as
potentially important tools for cancer vaccine strategies.” It is
well reported that BM-derived DCs stimulated successfully with
cytokines in vitro has been employed in both animal models
and clinical trials.*** Previously, we demonstrated that DCs
transduced with recombinant adenovirus encoding tPSMA and
m4-1BBL could induce obvious prostate cancer regression in
mouse models.”? It is widely acknowledged that a potent anti-
tumor response requires an effective CTLs response against
cancer through recognizing tumor associated antigen (TAA).
However, antigen-specific cellular immunity primarily relies on
the interaction between APCs and T lymphocyte. APCs serves to
present antigen peptide and co-stimulatory signals for T cell acti-
vation; then, the subsequent CTLs can damage the tumor cells
specifically with means of the MHC class I-restricted specific
peptide. Therefore, in this study, we intended to explore the role
of DCs modified with tPSMA and 4-1BBL in regulating CTLs
induction in killing prostate cancer.

PSMA is a TAA, and may serves as an ideal target for DCs-
based immunotherapy against prostate cancer. Many methods
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Figure 3. The expression of IkB-a, NFkB, P38 and Bcl-xL. CTLs were
induced by DCs transduced with Ad-eGFP, Ad-m4-1BBL, Ad-tPSMA,
Ad-tPSMA-IRES-m4-1BBL or none, then total cellular proteins and
nuclear extracts were collected for detecting IkB-ca, P38, Bcl-xL and NF-
kB p65 by immunoblot. (A) Ad-tPSMA-IRES-m4-1BBL-transduced DCs
induced lower IkB-a, but enhanced phosphorylation of P38 and Bcl-xL
expression, with on change in total expression of P38. (B) Ad-tPSMA-
IRES-m4-1BBL-transduced DCs induced higher expression of NF-kB p65
in nuclear of CTLs.

for priming the DCs with antigens were used to induce anti-
tumor immune responses. Adenoviral vectors mediated-TAA
gene modification of DCs has been considered more efficient
for cell surface presentation than exogenous loading of synthetic
TAA peptides. Recombinant adenovirus mediated-tPSMA gene
expression in DCs could cause endogenous processing and pre-
sentation of multiple and/or undefined antigenic peptides inde-
pendent of MHC alleles. Furthermore, specific CTLs-mediated
immunity may be stimulated by vaccine-involved DCs without
prior knowledge of responder MHC haplotypes or of relevant
MHC class I- or class Il-restricted peptide epitopes. However,
CTLs activity is decided not only by the antigen signal but also
the costimulatory molecules on DCs, such as CD80/86, CD40,
RANK and so on. Upregulation of costimulatory molecule sig-
naling for T cell activating during interaction of a peptide-bound
MHC complex on DCs with cognate TCR may amplify, sus-
tain and drive diversity in the ensuing T cell immune response.®
4-1BBL is such a costimulatory molecule expressed on DCs and
its ligand, 4-1BB, is a costimulatory molecule induced on naive
T cells following TCR-MHC/peptide and CD80/86/CD28
binding following interaction of cognate T cells with DCs.*
Therefore, we hypothesized that exogenous expression of 4-1BBL
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Figure 4. Viability of CTLs. CTLs were induced by DCs and collected for detecting apoptosis by staining with FITC-conjugated annexin V and PI. The
apoptosis of CTLs induced by Ad-tPSMA-IRES-m4-1BBL-transduced DCs was lowest. The results were representative of three independent experi-

on DCs may play an important role in modulating CTLs activa-
tion during an Ag-presenting DCs encounters a cognate T cell.
The 4-1BB signal has been proven to be superior to CD28
co-stimulation for generating CD8* CTLs for adoptive immu-
notherapy.® In this study, our data demonstrated that none-
pulsed DCs, even with upregulation of 4-1BBL, failed to
activate T lymphocytes. However, tPSMA gene-pulsed DCs
effectively induced T lymphocyte activation, which was further
enhanced by upregulated expression of 4-1BBL, showing bet-
ter cell viability, lower CTLs apoptosis and higher expression
of BelxL. Activated CTLs tend to undergo apoptosis, dysfunc-
tion, or induced anergy in the tumor microenvironment.***
Therefore, effective antitumor immune response depends on not
only “activation” but also “maintenance” of CTLs numerically
and functionally. Bel-xL, a well-known anti-apoptotic protein
of a Bcl-2 family, is able to suppress apoptosis in multiple cell
types®® and plays a significant role in the regulation of cells sur-
vival of immune system.?”?® It has been proven that Bcl-xL could
protect cells from Fas/FasL-mediated killing?”” and remarkably
inhibit caspase activation.?® It is reported that FasL expressed
in a quite number of types of tumor cells including prostate
cancer and their capacity to cause apoptosis of Fas-expressing T
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cells has been proposed as a crucial mechanism of tumor escap-
ing from immune surveillance.?"%? Eaton D et al.** showed that
CTLs introduced with BcLxL gene could modulate resistance
to apoptosis and prolonged the survival of tumor-specific CTLs.
Furthermore, our data indicate that it is 4-1BB-mediated NF-kB
activation prompted by upregulation of 4-1BBL that provides
CTLs with prolonged survival via upregulation of Bel-xL. It is
likely that CD28-mediated NF-kB activation is essential for
BclxL induction and anti-apoptotic effects in primary human
CD4" T lymphocytes.** In this study, we demonstrated tPSMA
and 4-1BBL modified DCs induced higher level of phosphoryla-
tion of P38 and more IFN-vy production in T cell activation. p38
activation is required for the development of both Thl and Th2
cells in response to either 4-1BB or CD28-dependent co-stimu-
lation. Th1 cells require co-stimulation and p38 activation for
the continued secretion of the Thl cytokines, IL-2 and IFN-y.
In contrast, Th2 cells did not require p38 activation.”® Thereby,
these enhanced CTLs functions in turn may promote the anti-
tumor efficacy of CTLs. However, how does 4-1BBL transduc-
tion act on the observed phenomena merit further investigation,
including whether 4-1BBL affect the intrinsic properties of
DCs, as showed in our previous data that CD80 and CD86
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are upregulated in DCs by Ad-tPMSA-IRES-4-1BBL,
and/or act via engagement of 4-1BB on T cells.” Our
results are consistent with the published data that ago-
nistic 4-1BB mAbs promoted the proliferation and
the cytokine secretion of the activated lymphocyte.’
Moreover, we demonstrated that the tumor killing
was antigenic-specific, as the antitumor cytotoxicity
occurred only on tPSMA expressing cells, whereas not
in the specific antigen negative tumor cell line, RM-1.

Taken together, 4-1BBL modified DCs pulsed
with tPSMA gene could induce enhanced function
of CTLs, which may overcome the side effects from a
whole agonistic 4-1BB mAb due to its immunogenic-
ity. This mechanism could account for obvious prostate
cancer regression in mouse models induced by tPSMA
and 4-1BBL-engineered DCs vaccine in our previous
publication.

Materials and Methods

Animals, cell lines and recombinant adenovirus.
Female C57BL/6 (H-2 K mice, 6—8 week old, were
obtained from Shanghai SLAC Laboratory Animal Co.
Ltd. Animals were maintained at the Central Animal
Facility of Wuhan University according to standard
guidelines and experiments were conducted according
to the guidelines of the China Council for Animal Care.
RM-1, a murine prostate cancer cell line, is obtained
from Chinese Academy of Sciences. HEK 293, a human
embryonic kidney 293 cell line, is kindly provided by
the Ministry of Education Key Laboratory of Virology.
All cells were cultured in RPMI-1640 medium with
10% heat-inactivated FCS, 2 mM L-glutamine, 100 U/
ml penicillin and 100 pg/ml streptomycin at 37°C in
a humidified atmosphere containing 5% CO,. Stable
expressed tPSMA of RM-1-tPSMA cell, recombinant
adenoviruses Ad-tPSMA-IRES-m4-1BBL and Ad-m4-
IBBL have been described previously.’’
Recombinant adenovirus Ad-tPSMA. The E1 and
E3 regions deficient serotype 5 recombinant adeno-
virus vector was used to construct Ad-tPSMA using
pAdEasy-1 system gifted by the Ministry of Education
Key Laboratory of Virology. Briefly, the ¢cDNA for
extracellular domain of human prostate-specific mem-
brane antigen (tPSMA) was amplified from plasmid
pCR3.1%-Uni-hPSMA plasmid, a kind gift from Dr
Xiangzhong Yu (Department of Biological Sciences,
Clemson University) and inserted into the shuttle vec-
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Figure 5. Cytotoxicity against RM-1. T cells isolated from C57BL/6 mice were
co-cultivated with mitomycin C (MMC) treated with five types of mature DCs
(Ad-tPSMA-IRES-m4-1BBL-tranduced DCs, Ad-tPSMA-transduced DCs, Ad-1BBL-
tranduced DCs, Ad-eGFP-transduced DCs and none-transduced DCs, respectively)
for 7 d, then treated again for another 7 d. Then T cells were harvested and used
for effector cells for detecting specific cytotoxicity against target cells. The results
are expressed as means + SD of three replicates. (A) Ad-tPSMA-IRES-m4-1BBL-
tranduced DCs-primed T cells showed high cytotoxicity against RM-1-PSMA cells
compared with other four types of DCs-primed T cells (*p < 0.05). (B) Five types of
DCs-primed T cells do not demonstrate detectable cytotoxic activities against the
RM-1 cells used as a target control. All experiments were done in triplicate.

tor pAdTrack-CMV between Bglll and Hind I11-restriction sites.
The resultant plasmid was linearized by Pmel and subsequently
co-transformed into E. coli BJ5183 with an adenoviral backbone
plasmid (pAdEasy-1). Then the recombinant adenoviral plas-
mid (pAd-tPSMA) was transfected into HEK 293 cells with
Lipofectamine™ 2000 (Invitrogen) for amplification. Adenovirus
was purified by centrifugation in a cesium chloride gradient. The
Ad-eGFP was constructed similarly serves as control Adenovirus.
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Dendritic cells preparation. Mouse DCs generated from
bone-marrow suspensions harvested of 6-8 week old C57BL/6
mice has been described previously.”® Briefiy, bone-marrow cells
were harvested from femurs and tibias depleted of red blood cells
and washed twice in phosphate-buffered saline (PBS). Then cells
were resuspended in RPMI 1,640 medium supplemented with
10% heat-inactivated fetal calf serum (FCS) (Gibco), 10 ng/mL
GM-CSF (PeproTech), 10 ng/mL IL-4 (PeproTech) and 50 mM
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2-mercaptoethanol, 100 IU/ml penicillin and 100 pwg/ml strep-
tomycin and cultured (37°C, 5% CO,) in 6-well plates at 1 x 10°
cells/3ml/well. On day 3 and 5 of culture, floating cells were gen-
tly removed, and fresh GM-CSF/IL-4-contained medium was
added. On day 7, non-adherent cells and loosely adherent prolif-
erating DCs aggregates were collected as immature DCs (iDCs)
or were activated with lipopolysaccharide (LPS, 1 pwg/ml, Sigma)
for 24 h to obtain mature DCs (mDCs).

CTLs generation. iDCs transduced with four types of
adenovirus (Ad-tPSMA-IRES-m4-1BBL, Ad-tPSMA, Ad-m4-
IBBL and Ad-eGFP) separately at MOI 300 according to our
previous publication™ or no iCDs were used as stimulator cells.
Nylon wool-purified splenic T cells were used as responder cells.
Stimulator cells were matured with LPS and were incubated with
Mitomycin C (MMC) at 50 ng/ml at 37°C for 30 min and then
washed with PBS twice. Responder cells (2 x 10°) were co-cul-
tured with stimulator cells (1 x 10°) in a 24-well tissue culture
plate in 1ml complete medium. IL-2 was added to a final concen-
tration of 20 IU/ml all wells and every 3 d thereafter. Responder
cells were re-stimulated weekly for 2 weeks with transfected DCs
at a responder cells-to-stimulator DCs ratio of 20:1. The CTLs
were then collected.

ELISA for measuring cytokines in supernatants. 48h after
last re-stimulation in generation of CTLs, culture supernatants
were harvested and analyzed for IL-4, IL-10 and IFN-y produc-
tion by enzyme-linked immunosorbent assay (ELISA) kits (R&D
Systems), following the manufacturer’s instructions.

Preparation of total cell lysates and nuclear fraction and
immunoblot analysis. For total cell lysates preparation, CTLs
were collected and lysed in ice-cold lysis buffer (25 mmol/L Tris/
HCI, pH 7.6, 150 mmol/L NaCl, 1 mmol/L Na,VO,, 5 mmol/L
EDTA, 10 mmol/L NaF, 50 mmol/L b-glycerophosphate,
0.5 mmol/L phenylmethyl sulfonylfluoride and 1% Triton X-100)
containing a protease inhibitor cocktail (Roche Diagnostics Ltd.)
and then vortexed at 4°C for 10 min. Cell lysates were subjected
to a centrifugation of 10,000 rpm for 10min at 4°C, and the insol-
uble pellet was discarded. Nuclear extracts were prepared using
a modification of a previous publication.?® Briefly, CTLs were
harvested and lysed with buffer A (10 mM HEPES, 10mM KCI,
1.5 mM MgClz, 0.1 mM EDTA, 0.2% NP40, 1 min MDTT and
0.5 min M phenylmethylsulfonyl fluoride), followed by vortex-
ing at 4°C for 10 min to shear the cytoplasmic membranes and
nuclear pellets were collected by a centrifugation at 3,000 rpm
for 5 min at 4°C. Nuclear proteins were extracted with high-
salt buffer B (20 mM HEPES, 25% glycerol, 1.5 mM MgCl,
0.1 mM EDTA, 420 mM NaCl, 1 mM DTT and 0.5 mM
phenylmethylsulfonyl fluoride). Protein concentration of total
cell lysates and nuclear fraction were determined by Protein Assay
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(Bio-Rad laboratories). Total cellular proteins or nuclear extracts
(50 pg) were subjected to SDS-PAGE, and transferred to nitro-
cellulose membranes (Amersham). Specific polyclonal antibodies
against IkB-a, P38, phosphorylated of P38, BclxL and NF-«kB
p65 diluted in TBS-T containing 5% nonfat milk were used to
detect indicated proteins. The appropriate horseradish peroxi-
dase (HRP) conjugated secondary antibodies were used for all
primary antibodies. Antibodies on membrane were visualized by
enhanced chemiluminescence (Pierce). Immunoblot for B-actin
was used as an internal control. To detect tPSMA expression,
RM-1 cells (1 x 10°) were infected with the Ad-tPSMA [multi-
plicity of infection (MOI) 50]. 48hr later, cells were scraped and
lysed and detected by immunoblot.

Flow cytometry. CTLs (2 x 10° cells) were collected by cen-
trifugation and then washed twice with ice-cold PBS. Apoptotic
cells were detected by flow cytometry using FITC-conjugated
Annexin V and propidium iodide (PI) (Molecular Probes,
Invitrogen).

Cytotoxicity assay. RM-1 cells or RM-1-tPSMA cells used as
target cells were placed in 96-well tissue culture plates at 1 x 104
cells per well and co-cultured with CTLs used as effector cells at
the ratio of 1:6, 1:12, 1:25 and 1:50 for 48 h at 37°C in 5% CO,.
Target cells and effector cells incubated in medium alone served
as target cells control and effector cells control, respectively. The
cytotoxic activities were measured with Cell Counting Kit-8
assay. 10 pl CCK-8 resolution was added to each well in 100 .l
medium. Absorbance was detected at 450 nm using automatic
ELISA reader (TRITURUS). All determinations were performed
in triplicate. The percentage of specific cytotoxicity was calcu-
lated as [target control-(experimental-effector control)/target
control] x 100%.

Statistical analysis. All data were presented as mean + stan-
dard deviation. Differences were considered statistically sig-
nificant for p < 0.05 as determined by student’s ttest using
SPSS13.0. All means were calculated from at least three indepen-
dent experiments.
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