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TUMOR-HOMING CELLS ENGINEERED TO PRODUCE TUMOR NECROSIS FACTOR-RELATED 

APOPTOSIS-INDUCING LIGAND (TRAIL) 

FIELD OF THE INVENTION 

The present invention relates to tumor-homing cells expressmg the 

tumor necrosis factor-related apoptosis inducing ligand (TRAIL) and the use 

thereof in anti-tumor therapy. 

5 BACKGROUND OF THE INVENTION 

Dysregulated apoptosis mechanisms play key roles in the pathogenesis 

and progression of lymphoproliferative disorders, allowing neoplastic cells to 

survive beyond their normal life-span, and to eventually acquire 

chemo-radioresistance [1]. Thus, apoptotic pathways represent attractive 

10 therapeutic targets for restoring apoptosis sensitivity of malignant cells or 

activating agonists of apoptosis [2]. In order to modulate apoptotic genes and 

proteins, several strategies can be envisaged which target either the intrinsic 

(Bcl-2, Bel-XL), extrinsic (DR4, DR5, FLIP), or the convergence (cIAP2) 

pathways of apoptosis [3]. 

15 Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) 

belongs to the TNF family of death receptor ligands [ 4]. 

Isolated DNA sequences coding for TRAIL, express10n vectors 

comprising said DNA sequences and recombinant TRAIL polypeptides are 

disclosed in WO 97/01633. 

20 TRAIL binds to death receptor 4 (DR4) and death receptor 5 (DR5), 

which are expressed on the cell surface of many cancer cells [ 5]. Binding 

soluble TRAIL to DR4 or DR5 leads to to caspase activation and apoptosis 

[6]. 
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disclose dendritic cells transduced with TRIAL by recombinant adenovirus 

and potential medical use in the treatment of arthritis. No mention is made as 

to the possible use of said cells for the treatment of tumors. 

In vitro and in vivo studies suggest that due to a high cancer 

5 cell-specificity as well as a potent antitumor activity, soluble recombinant 

TRAIL might play a key role in anti-cancer therapy [7]. In fact, TRAIL 

selectively induces apoptosis in many transformed cells, while sparing normal 

cells [ 4]. Additionally, TRAIL administration in mice exerts a remarkable 

efficacy against tumor xenografts of colon carcinoma [8, 9], breast cancer 

10 [10], multiple myeloma [11] or glioma [12, 13]. 

Toxicity studies in mice and nonhuman primates have demonstrated that 

normal hepatocytes and keratinocytes are resistant to trimerized version of 

TRAIL [14, 15], whereas they show significant sensitivity to apoptosis 

induction by non-optimized TRAIL preparations or antibody-crosslinked 

15 variants of the ligand [16]. Whether or not hepatic toxicity could represent a 

major problem when using a trimerized version of TRAIL at high doses 

remains controversial. 

An additional limitation to the use of soluble TRAIL is represented by 

the impaired apoptotic response observed in a substantial number and variety 

20 of tumor cell lines which require either a prolonged incubation time or very 

high dose of soluble TRAIL to undergo apoptosis [17, 18]. Given the 

pharmacokinetic profile of TRAIL after intravenous injection (plasmatic half­

life of 32 minutes and elimination half-life of 4.8 hours), conditions of 

prolonged exposure time and high concentrations are not transferable for any 

25 in vivo treatment strategy [ 1 O]. In order to overcome limitations related to 

soluble recombinant TRAIL and specifically target tumor cells, several 

adenoviral-mediated TRAIL gene transfer approaches are currently being 

exploited using different animal models [19, 20]. 
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However, gene transfer approaches largely depend on the efficient 

infection of the tumor and avoidance of immune clearance to be effective [21]. 

In addition, several safety issues concerning the systemic injection of 

adenoviral vectors still remain to be addressed [22]. For instance, adenoviral 

5 gene transfer of TRAIL overcomes an impaired apoptotic response of 

hepatoma cells, but causes severe apoptosis in primary human hepatocytes 

[19]. Currently, adenoviral-based gene therapy approaches mainly rely on the 

intratumoral delivery of TRAIL-encoding adenovirus [23]. Despite a local 

antitumoral activity, intratumoral delivery of TRAIL has no systemic 

10 antitumor activity, thus lacking any clinical value. 

It is known that various cell types home preferentially to tumors [24] 

and can be loaded with the constructs required to produce anticancer 

molecules. Due to their homing characteristics, CD34+ cells [25] and natural 

killer (NK) cells [26] may be used as delivery vehicles for anticancer 

15 molecules. 

Following intravenous infusion, CD34+ cells display specific homing 

properties, including the capacity to permanently colonize the bone marrow, 

and transiently colonize the liver and spleen [27-30]. These homing properties 

are strictly related to the expression of adhesion receptors (e.g., CXCR-4, 

20 VLA-4, VLA-5, CD44, etc.) which interact with specific ligands (e.g., SDF-1, 

VCAM-1, etc.) which are expressed on stromal cells residing within the bone 

marrow microenvironment as well as the tumor microenvironment [31-34]. 

NK cells are a subset of lymphocytes that play an essential role in the 

cellular-based immune defense against tumor cells through major 

25 histocompatibility complex non-restricted mechanisms [35]. Following 

intravenous infusion, NK cells home to the bone marrow and lymphoid organs 

and extravasate at tumor sites under the influence of appropriate cytokine 

signals. Many groups have, therefore, sought to use NK cells to home to 
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tumors for therapeutic purposes [36-38]. 

Even though the tumor-homing properties of NK-cells is known, 

genetically modified cells undergo a stress which depend on the kind of the 

transduced gene. As a consequence of said stress, the cells may loose the 

5 original tumor-homing properties when transduced with the TRIAL gene. No 

reasonable expectation of success is therefore present and the actual 

experimental tests are necessary to confirm whether the specific considered 

approach may be viable or not. 

It has now been found that CD34+ cells and NK cells engineered to 

10 express TRAIL can be advantageously exploited for achieving a 

cell-mediated, anti-tumor activity in vivo. 

DESCRIPTION OF THE INVENTION 

According to the present invention, tumor-homing cells are engineered 

to produce tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) 

15 by adenoviral-mediated gene transfer. The cells according to the present 

invention can be systemically administered to deliver TRAIL to the tumor site 

without causing the aforementioned drawbacks. 

Accordingly, the present invention relates to tumor-homing cells 

expressing TRAIL and cell preparations containing them. The invention also 

20 relates to the use of said cells for the preparation of cell compositions for anti­

cancer therapy, in particular for the therapy of human lymphoma. 

The cells of the invention can be obtained by transducing tumor-homing 

cells with a replication-deficient adenovirus encoding the human TRAIL gene 

(Ad-TRAIL) under the control of a suitable promoter, e.g. the CMV promoter. 

25 The transduction can be carried out according to methods well-known to 

molecular biologists, preferably following the procedure disclosed in the 

examples. 

The term "tumor-homing" cells is used according to the invention to 
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define cells able: (1) to home to tumor tissue following intravenous injection, 

and (2) to express adequate amounts of membrane-bound TRAIL (mTRAIL) 

for at least a few days. 

Examples of tumor-homing cells capable of homing from blood to 

5 tumor deposits includes hematopoyetic cells, namely CD34+ hematopoietic 

cells from the peripheral blood of growth-factor treated cancer patients; NK 

cells from the peripheral blood; cytokine-induced killer cells (CIK) obtained 

through ex vivo culture of peripheral blood mononuclear cells; endothelial 

cells and endothelial progenitor cells; tumor-infiltrating lymphocytes (TIL); 

10 lymphokine-activated killer cells (LAK); macrophages; mesenchimal stem 

cells (MSC) (freshly isolated from peripheral blood or human tissues, or ex 

vivo expanded), and even human cell lines retaining tumor seeking ability and 

engineered to express mTRAIL. Several methods can be envisaged in order to 

obtain adequate expression of mTRAIL, including use of plasmids and viral 

15 vectors with appropriate regulatory genetic elements such as tissue-specific 

promoters and/ or enhancers. 

CD34+ and NK cells are particularly preferred. 

An optimal transduction efficiency of NK cells may be obtained by 

pre-incubating NK cells for 18 hours with N-acetylcysteine (10 mM). After 

20 pre-incubation, NK cells are exposed to graded (50 to 500) Multiplicity of 

Infection (MOI) of Ad-TRAIL (50 to 500) under serum-free conditions at 

37°C. Serum-supplemented medium (RPMI-1640/FBS 20%) is then added,. 

and a few hours later cultures were supplemented with Gene Booster (1 :200) 

and further incubated for 18 hours. 

25 Similar conditions may be used for CD34+ cells, except for the 

pre-incubation with N-acetylcysteine. 

The compositions of the invention can be prepared by using vehicles 

suitable for parenteral, particularly intravenous, administration, such as those 
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reported in REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub. 

Co., N.J. 1991). 

For instance, excipients which may be used include any pharmaceutical 

agent that is not harmful to the individual receiving the composition, e.g. water, 

5 saline, glycerol and ethanol optionally in admixture with auxiliary substances, 

such as wetting or emulsifying agents, buffers, and the like in. Appropriate 

doses will depend, among other factors, on the sex, age and conditions of the 

subject to be treated, the severity of the disease. An appropriate effective 

amount can be readily determined by any skilled practitioner and may anyhow 

10 be determined by means of clinical studies. A therapeutically effective dose will 

generally be from about 103 to about 1015 of transduced cells. Other dosages 

can be of course established by means of conventional experiments, i.e. relying 

on dose-response curves, determining the maximal tolerable dose (MTD) or 

carrying out in a limited number of patients phase I clinical studies. Dosage 

15 treatment may be a single dose or a multiple dose schedule. Moreover, the 

subject may be administered as many doses as appropriate. The skilled 

practitioner will easily determine the most effective dosage regimen. 

The invention will be now illustrated in greater detail by means of the 

following examples, providing clear and convincing evidence that: 

20 (i) CD34+ stem cells as well as NK cells can be efficiently transduced 

in vitro with an adenovector expressing TRAIL; 

(ii) upon transduction, these cell subtypes transiently express TRAIL 

on their cell surface; 

(iii) such a short duration of TRAIL expression is associated with a 

25 potent apoptotic effect detected on both TRAIL-sensitive and 

TRAIL-resistant tumor cells co-cultured with transduced cells; 

(iv) in vivo injection of transduced cells in NOD/SCID bearing an 

early or advanced stage tumor is associated with a significant 
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prolongation of mice survival, suggesting that both adenoviral 

transduced CD34+ cells and NK cells may efficiently serve as 

vehicles for systemic TRAIL delivery for therapeutic purposes. 

The effectiveness of intravenous administration provides a distinct 

5 advantage of the present invention in comparison protocols based to 

intra-tumor delivery. 

While the mechanism of the m vitro antitumor effect of 

mTRAIL-expressing human cells is most likely apoptosis triggered by direct 

reaction between mTRAIL and its cognate receptors on tumor cells, we do not 

10 know the mechanism of their in vivo antitumor activity. Direct killing of the 

tumor cells is possibly coupled with indirect growth-inhibitory effects 

resulting from apoptosis of tumor-embedded non-tumor cells expressing 

TRAIL receptors (vascular, peri-vascular, interstitial and other cell types with 

critical roles in tumor development and tumor cell survival). Ongoing 

15 experiments are aimed at better understanding the mechanism of the in vivo 

observed antitumor activity, even though, of course, the invention will not be 

limited by any hypothesis on the actual mechanism of the observed activities. 

Example 1 - In vitro triggering of apoptosis in lymphoma cell lines 

co-cultured with CD34+ cells or NK cells expressing TRAIL following 

20 adenoviral-mediated gene transfer 

The effects of co-culturing lymphoma cell lines with CD34+ cells or 

NK cells engineered to express TRAIL following adenoviral-mediated gene 

transfer were evaluated. 

In initial in vitro experiments, an adenoviral vector expressing TRAIL (Ad-

25 TRAIL) was used to set up optimal conditions for adenoviral infection ofCD34+ 

cells and NK cells. The time-course of TRAIL expression on CD34+ and NK cell 

surface was subsequently monitored by using a PE-conjugated anti-TRAIL 

monoclonal antibody (clone Rik-2). Finally, the capacity of membrane-bound 
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TRAIL to induce apoptosis of lymphoma cell lines was evaluated by co-culturing 
Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK cells and lymphoma cell lines. 

Methods 

Adenovirus encoding the human TRAIL gene. A replication-deficient 
5 adenovirus encoding the human TRAIL gene (Ad-TRAIL) expressed from the 

CMV promoter was used for these experiments [39]. The Ad-TRAIL contains the 
entire coding sequence of human TRAIL cloned into the XhoI and NotI sites of 
pAd5CMVK-NpA. The resultant plasmid and adenovirus backbone sequences 
(Ad5) that had the El genes deleted are transfected into human embryonic kidney 

10 293 cells, and viral particles are isolated and amplified for analysis of TRAIL 
expression. Recombinant adenoviruses are screened for replication competent 
virus by A549 plaque assay, and virus titer is determined by plaque assay on 293 
cells. Purified viruses are stored in PBS with 3% sucrose and kept at -80°C until 
use. TRAIL gene product is expressed on the cell surface of transduced cells and 

15 can be detected by means of flow cytometry. 

Adenoviral transduction of CD34+ cells. CD34+ cells to be 
transduced with Ad-TRAIL were obtained from the peripheral blood of 
consenting cancer patients receiving chemotherapy and treated with 
hematopoietic growth factors. CD34+ cells were enriched from leukapheretic 

· 20 samples by means of an immunomagnetic technique and positive selection 
(Miltenyi Biotech). For adenoviral transduction, CD34+ cells were plated at 
2 x 106/ml in 35 mm Petri dishes in 1 ml serum-free medium (IMDM) 
containing an appropriate dilution of Ad-TRAIL stocks allowing a final 
multiplicity of infections (MOI) ranging from 100 to 1,000. After incubation 

25 (3 7°C, 5% C02) for 2 hours, cultures were supplemented with 1 ml 
IMDM/FBS20%, and 4 hours later GeneBooster (1 :200) was added. Cells 
were further incubated for 18 hours, then extensively washed (3x) in serum 
containing medium, and finally transduction efficiency was evaluated by 
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direct immunofluorescence using a PE-conjugated anti-TRAIL antibody. 

Adenoviral transduction of NK cells. NK cells to be transduced with 

Ad-TRAIL were obtained from the peripheral blood of consenting healthy 

donors. NK cells were enriched by means of an immunomagnetic technique 

5 and positive selection (Miltenyi Biotech). Before transduction, NK cells were 

incubated (18 hrs, 37°C) in RPMI-1640 supplemented with 10% FBS and 

N-acetylcysteine ( 10 mM). For adenoviral transduction, NK cells were plated 

at 2 x 106/ml in 35 mm Petri dishes in 1 ml serum-free medium (RPMI-1640) 

containing an appropriate dilution of Ad-TRAIL stocks allowing a final 

10 multiplicity of infections (MOI) ranging from 50 to 500. After incubation 

(3 7°C, 5% C02) for 2 hours, cultures were supplemented with 1 ml 

RPMI-1640/FBS20%, and 4 hours later GeneBooster (1 :200) was added. Cells 

were further incubated for 18 hours, then extensively washed (3x) in serum 

containing medium, and finally transduction efficiency was evaluated by 

15 direct immunofluorescence using a PE-conjugated anti-TRAIL antibody. 

Co-cultures. The apoptosis triggering activity of TRAIL expressed on 

the membrane of CD34+ cells or NK cells was tested in vitro by means of 

co-culture experiments. Briefly, Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK 

cells (effector cells) were co-cultured with lymphoma cells (target cells). 

20 Apoptosis induction was evaluated 24 and 48 hours after the onset of 

co-culture. In these experiments, the effector: target cell ratio was calculated 

on the basis of the transduction efficiency of effector cells. 

Results 

Adenoviral transduction of CD34+ cells. Preliminary experiments 

25 demonstrated that an optimal transduction efficiency of CD34+ cells was 

consistently achieved by exposing CD34+ cells (2 x 106 /ml) to graded MOI of 

Ad-TRAIL (range, 100 to 1,000) under serum-free conditions for 2 hours 

(37°C). An equal volume of serum-supplemented medium (IMDM/FBS 20%) 
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was then added, and 4 hours later cultures were supplemented with Gene 

Booster (1:200) and further incubated for 18 hours. Finally, the cells were 

extensively washed (3x) in serum containing medium and transgene 

express10n was evaluated by direct immunofluorescence usmg a 

5 PE-conjugated anti-TRAIL antibody. 

While no background TRAIL signal was detected in control cells, 

Ad-exposed cells revealed a percentage of TRAIL-positive CD34+ cells which 

was increased in an MOI-dependent manner. In a representative experiment, 

the percentages of TRAIL-positive CD34+ cells were 25% and 84% at an MOI 

10 of 100 and 1000, respectively. 

The above described infection protocol consistently resulted in a 

maximal gene transfer efficiency at an MOI of 1,000 with a mean (±SD) of 

83 ± 8% (range 70 - 95%, n = 5) CD34+ cells expressing TRAIL. Cell 

viability, as evaluated by the Trypan blue dye exclusion test, was unaffected 

15 by an MOI as high as 1,000 (with ;;::85% viable cells). 

To evaluate the time-course of trans gene expression, CD34+ cells were 

transduced with an MOI of 1,000 and analyzed for TRAIL expression up to 

7 days after transduction. In these experiments, in order to allow CD34+ cell 

survival, cultures were supplemented with low dose (3 ng/ml) of granulocyte 

20 colony-stimulating factor (G-CSF). As shown in table 1, a substantial 

percentage of CD34+ cells (25%) continued to express TRAIL up to 120 hours 

following transduction. 

25 

Table 1 - Overtime transgene expression of CD34+ cells transduced 

with Ad-TRAIL 

Hours post-infection 24 48 72 120 168 

o/o of CD34 * cells expressing TRAIL 95 70 42 25 13 

Adenoviral transduction of NK cells. Preliminary experiments 
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demonstrated that an optimal transduction efficiency of NK cells was 

consistently achieved by pre-incubating NK cells for 18 hours with 

N-acetylcysteine (10 mM). After pre-incubation, NK cells (2 x 106/ml) were 

exposed to graded MOI of Ad-TRAIL (range, 50 to 500) under serum-free 

5 conditions for 2 hours (37°C). An equal volume of serum-supplemented 

medium (RPMI-1640/FBS 20%) was then added, and 4 hours later cultures 

were supplemented with Gene Booster (1:200) and further incubated for 

18 hours. Finally, the cells were extensively washed (3x) in serum containing 

medium and transgene express10n was evaluated by direct 

10 immunofluorescence using a PE-conjugated anti-TRAIL antibody. 

Ad-exposed cells revealed a percentage of TRAIL-positive NK cells 

which was increased in an MOI-dependent manner. In a representative 

experiment, the percentages of TRAIL-positive NK cells were 30%, 45% and 

46% at an MOI of 50, 100 and 500, respectively. 

15 The above described infection protocol consistently resulted in a 

maximal gene transfer efficiency at an MOI of 100 with a mean (±SD) of 

61 ± 18% (range 45 - 84%, n = 4) NK cells expressing TRAIL. Cell viability, 

as evaluated by the Trypan blue dye exclusion test, was unaffected by an MOI 

as high as 100 (with ~5% viable cells). 

20 To evaluate the time-course of transgene expression, NK cells were 

transduced with an MOI of 100 and analyzed for TRAIL expression up to 

7 days after transduction. As shown in table 2, transduced NK cells continued 

to express TRAIL up to 168 hours following transduction. 

Table 2 - Overtime transgene expression of NK cells transduced with 

25 Ad-TRAIL 

Hours post-infection 24 48 72 120 168 

% of CD34* cells expressing TRAIL 41 55 60 63 55 
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Co-cultures. Finally, we evaluated the capacity of membrane-bound 

TRAIL to trigger apoptosis in lymphoid cell lines by co-culturing 

Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK cells (effector cells) and tumor cell 

lines (target cells). For these experiments, two cell lines were selected 

5 according to their sensitivity to soluble TRAIL. In particular, the 

TRAIL-sensitive KMS-11 cell line and the TRAIL-resistant JVM-2 cell line 

were used. 

CD34+ cells or NK cells transduced under optimal conditions according 

to the infection protocols described above were collected 24 hours after the 

10 initial exposure to adenovirus, extensively washed and co-cultured with 

KMS-11 or JVM-2 cells. 

When Ad-TRAIL/CD34+ cells were co-cultured at an effector: target cell 

ratio of 0.8:1, a substantial proportion (81 %) of apoptotic and necrotic cells was 

detected for KMS-11 cells after a 24-hour co-culture. The amount of apoptotic 

15 cells was further increased after a 48-hour co-culture (93% apoptotic cells). 

When Ad-TRAIL/NK cells were co-cultured at an effector: target cell 

ratio of 0.6: 1, a substantial proportion (83%) of apoptotic and necrotic cells was 

detected for KMS-11 cells after a 24-hour co-culture. The amount of apoptotic 

cells was further increased after a 48-hour co-culture (85% apoptotic cells). 

20 For the TRAIL-sensitive KMS-11 cell line, the potency of the apoptotic 

effect exerted by membrane-bound TRAIL was similar to that exerted by a 

24- to 48-hour exposure to a high-dose (100 ng/ml) of soluble TRAIL (Table 

3). However, given the pharmacokinetic profile of TRAIL after intravenous 

injection (plasmatic half-life of 32 minutes and elimination half-life of 

25 4.8 hours), a continuous 48- or even 24-hour exposure at 100 ng/ml cannot be 

achieved in vivo. 
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Table 3 - Effect of soluble TRAIL on KMS-11 cells 

Amount of soluble % of viable cells after o/o of viable cells after 
TRAIL 24 hours 48 hours 

0 ng/ml 78 75 

100 ng/ml 27 2 

Co-culture experiments were also performed by incubating 

Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK cells with the soluble 

5 TRAIL-resistant JVM-2 cell line. 

When Ad-TRAIL/CD34+ cells were co-cultured at an effector: target 

cell ratio of 0.8:1, a substantial proportion (51 %) of apoptotic and necrotic 

cells was detected for the TRAIL-resistant JVM-2 cells after a 48-hour 

co-culture. 

10 When Ad-TRAIL/NK cells were co-cultured at an effector: target cell 

ratio of 0.6: 1, a substantial proportion (53%) of apoptotic and necrotic cells 

was detected for the TRAIL-resistant JVM-2 cells after a 48-hour co-culture. 

For the TRAIL-resistant JVM-2 cell line, the potency of the apoptotic 

effect exerted by membrane-bound TRAIL was significantly higher than that 

15 exerted by a 48-hour exposure to a high-dose (100 ng/ml) of soluble TRAIL 

(table 4). 

Table 4 - Effect of soluble TRAIL on JVM-2 cells 

Amount of soluble % of viable cells after 24 % of viable cells after 48 
TRAIL hours hours 

0 ng/ml 87 84 

100 ng/ml 86 80 

To further explore the potency of the apoptotic activity of cell-mediated 

20 TRAIL delivery, effector cells (Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK 

cells) were co-cultured with target cells (KMS-11 cell line) for 24 hours at 
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different effector: target ratios. 

As shown in table 5, Ad-TRAIL/CD34+ cells triggered a substantial 

percentage ( 66%) of KMS-11 cells to undergo apoptosis or necrosis m 

co-cultures set-up with an effector: target ratio of 0.4: 1. 

5 Table 5 - Induction of apoptosis by co-culturing Ad-TRAIL/CD34+ 

cells and KMS-11 cells for 24 hours at increasing E:T ratios 

CD34+/KMS- 0:1 0.08:1 0.4:1 0.8:1 
11 ratio 

% of residual 71 67 34 22 
viable cells 

As shown in table 6, Ad-TRAIL/NK cells triggered a substantial 

percentage (64%) of KMS-11 cells to undergo apoptosis or necrosis m 

10 co-cultures set-up with an effector: target ratio of 0.3:1. 

Table 6 - Induction of apoptosis by co-culturing Ad-TRAIL/NK cells 

and KMS-11 cells for 24 hours at increasing E:T ratios 

NK/KMS ratio 0:1 0.06:1 0.3:1 0.6:1 

o/o of residual viable cells 66 68 36 19 

Example 2 - In vivo evaluation in NOD/SCID mice of the anticancer 

15 activity of CD34+ cells or NK cells engineered to express TRAIL following 

adenoviral-mediated gene transfer 

In order to investigate the therapeutic potential of Ad-TRAIL/CD34+ 

cells or Ad-TRAIL/NK cells, NOD/SCID mice were reinfused with the 

TRAIL-sensitive KMS-11 multiple myeloma cell line. Subsequently, mice 

20 were injected with Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK cells and mice 

survival was used as a readout of the antitumor efficacy of cell-based TRAIL 

delivery. 



WO 2006/010558 PCT/EP2005/007957 

15 

Methods 

Evaluation of the antitumor activity of Ad-TRAIL/CD34+ cells or 

Ad-TRAIL/NK cells. Six- to eight-wk-old female NOD/SCID mice with body 

weight of 20 to 25 g, were purchased from Charles River (Milano, Italy). Mice 

5 were housed under standard laboratory conditions according to our 

institutional guidelines. Experimental procedures performed on animals were 

approved by the Ethical Committee for Animal Experimentation of the Istituto 

Nazionale Tumori and were carried out in accordance with the guidelines of 

the United Kingdom Coordinating Committee on Cancer Research. 

10 Mice were inoculated intravenously (IV) with KMS-11 cells (0.5 x 106 

per mouse). Treatment with Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK cells 

(1 x 106 per mouse) consisted in IV weekly injections for 4 weeks starting 

either on day 7 or 1 7 after tumor cell inoculation. The mean transduction 

efficiencies of reinfused Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK cells were 

15 83 ± 8% and 61 ± 18%, respectively. Thus, each mouse received an average 

number of 3.32 x 106 TRAIL-expressing CD34+ cells and 2.44 x 106 

TRAIL-expressing NK cells over four injections. Mice were checked twice 

weekly for tumor appearance, body weight measurements and toxicity. The 

survival times of animals in each group were recorded and differences among 

20 the groups were evaluated by statistical analysis. Appropriate control groups 

included: (i) mice injected with tumor cells only, (iii) mice injected with 

tumor cells plus non-transduced CD34+ cells or NK cells. 

Results 

Ad-TRAIL/CD34+ cells. Mice xenografted with KMS-11 cells 

25 (0.5 x 106 per mouse) were treated with 4 IV injections of Ad-TRAIL/CD34+ 

cells on a weekly basis according to two different schedules, i.e., treatment of 

early stage tumor which was started on day 7, and treatment of advanced stage 

tumor which was started on day 17 after KMS-11 cell injection. Since the 
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mean transduction efficiency of reinfused Ad-TRAIL/CD34+ cells was 

83 ± 8% (mean ± SD, n = 9), each mouse received an average number of 

3.32 x 106 TRAIL-expressing CD34+ cells over four injections. 

As shown in Figure 1, the median survival of NOD/SCID mice injected 

5 with KMS-11 cells alone was 56 days. Injection of wild type CD34+ cells had 

no effect on median survival (56 days), whereas NOD/SCID mice treated with 

Ad-TRAIL/CD34+ cells for an early stage tumor showed a median survival of 

111 days (P <0.0001). 

The effect of treating an advanced stage tumor with Ad-TRAIL/CD34+ 

10 cells is depicted in Figure 2. The median survival ofNOD/SCID mice injected 

with KMS-11 cells alone was 56 days. Injection of wild type CD34+ cells had 

no effect on median survival (56 days), whereas treatment with 

Ad-TRAIL/CD34+ cells of advanced stage tumor was associated with a 

significant increase of median survival (98 days, P <0.007). 

15 Ad-TRAIL/NK cells. Mice xenografted with KMS-11 cells (0.5 x 106 

per mouse) were treated with 4 IV injections of Ad-TRAIL/NK cells on a 

weekly basis. Reinfusions of NK cells were started on day 7 after KMS-11 

cell injection, at an early stage of tumor growth. For this experiment, the mean 

transduction efficiency ofreinfused Ad-TRAIL/NK cells was 61±18%. Thus, 

20 each mouse received an average number of 2.44 x 106 TRAIL-expressing NK 

cells over four injections. 

As shown in Figure 3, the median survival of NOD/SCID mice injected 

with KMS-11 cells alone was 56 days. Injection of wild type NK cells had no 

effect on median survival (50 days), whereas treatment with Ad-TRAIL/NK 
i 

25 cells of early stage tumor was associated with a significant increase of the 

median survival (74 days, P <0.03). 
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Example 3 - In vitro antitumor activity of CD34/ Ad-TRAIL cells 

against breast cancer cell lines 

A significant proportion of breast cancer cell lines is resistant to 

TRAIL-induced apoptosis due to a number of mechanisms, including TRAIL 

5 sequestering by TRAIL decoy receptors, loss of expression of Rl and R2 

receptors, FLIP overexpression, etc. [ 40]. Based on our previous results 

showing that sTRAIL-resistant lymphoma cell lines become indeed TRAIL 

responsive when exposed to mTRAIL, we investigated the sensitivity of two 

breast cancer cell lines to sTRAIL and mTRAIL. 

10 The sensitivity of breast cancer cell lines to the killing effects of 

sTRAIL was evaluated in comparison with the evaluation of the in vitro 

triggering of apoptosis of sTRAIL-sensitive and sTRAIL-resistant breast 

cancer cell lines co-cultured with CD34/ Ad-TRAIL cells. 

Two breast cancer cell lines, i.e., MCF-7 and MDA-MB-361 were used. 

15 In order to evaluate the sensitivity of individual cell lines to the killing effect 

of sTRAIL, tumor cells (5 - 10 x 104/ml) were exposed for 72 hours to a low 

(10 ng/ml) and a high (100 ng/ml) dose of sTRAIL. Subsequently, apoptosis 

was evaluated by annexin-V /propidium iodide double staining. 

Methods 

20 Cell lines. The breast cancer cell lines MCF-7 and MDA-MB-361 were 

purchased from the DSMZ (Braunschweig, Germany, EU) and ATCC 

(Manassas, VA, USA), respectively. Cells were periodically tested by 

polymerase chain reaction for mycoplasma contamination. All in vitro 

experiments were performed with exponentially growing cells. 

25 Annexin-V expression. The Annexin V-FITC assay (PharMingen) was 

used to quantitatively determine the percentage of cells undergoing early or 

late apoptosis and necrosis. Briefly, cells to be analyzed were washed twice 

with cold PBS and then resuspended in binding buffer (10 nM HEPES, 
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140 nM NaCl, 5 nM CaC12, pH 7.4). Following incubation, 0.1 ml of the cell 

suspension was transferred to a 5 ml culture tube and 5 microl of Annexin 

V-FITC and 10 microL of propidium iodide was added. After vortexing, the 

samples were incubated for 15 min at room temperature in the dark. At the end 

5 of the incubation, 0.4 ml of binding buffer were added and the cells were 

analyzed immediately by flow cytometry. 

Results 

To investigate whether incubation with sTRAIL was associated with 

triggering of apoptosis, MCF-7 and MDA-MB-361 cell lines were exposed to 

10 sTRAIL (10 - 100 ng/ml, 72 hours) and then the percentages of apoptotic and 

necrotic cells was detected by FACS analysis. As shown in Table 7, exposure 

to sTRAIL failed to induce any apoptotic response in MCF-7 cells, whereas it 

resulted in a significant cell death response by MDA-MB-361 cells when 

exposed to 100 ng/ml of sTRAIL for 72 hours. According to these results, 

15 MCF-7 is a sTRAIL-resistant cells line, whereas MDA-MB-361 is a 

sTRAIL-sensitive cell line. 

Table 7 - Sensitivity to sTRAIL of breast cancer cell lines 

sTRAIL (ng/ml) 

Cell Line Phenotype 0 10 100 

Apoptotic + Necrotic Cells (%) 

MCF-7 BC 10 9 13 

MDA-MB-361 BC 6 9 46 

The in vitro triggering of apoptosis in breast cancer cell lines 

20 co-cultured with CD34+ cells expressing TRAIL following adenoviral­

mediated gene transfer (CD34/Ad-TRAIL) was then evaluated. 
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Methods 

Adenovirus encoding the human TRAIL gene. A replication-deficient 

adenovirus encoding the human TRAIL gene (Ad-TRAIL) expressed from the 

CMV promoter was used for these experiments [39]. The Ad-TRAIL contains 

5 the entire coding sequence of human TRAIL cloned into the Xhol and Natl 

sites of pAd5CMVK-NpA. The resultant plasmid and adenovirus backbone 

sequences (Ad5) that had the El genes deleted are transfected into human 

embryonic kidney 293 cells, and viral particles are isolated and amplified for 

analysis of TRAIL expression. Recombinant adenoviruses are screened for 

10 replication competent virus by A549 plaque assay, and virus titer is 

determined by plaque assay on 293 cells. Purified viruses are stored in PBS 

with 3% sucrose and kept at -80°C until use. TRAIL gene product is expressed 

on the cell surface of transduced cells and can be detected by means of flow 

cytometry. 

15 Adenoviral transduction of CD34+ cells. CD34+ cells to be transduced 

with Ad-TRAIL were obtained from the peripheral blood of consenting cancer 

patients receiving chemotherapy and treated with hematopoietic growth 

factors. CD34+ cells were enriched from leukapheretic samples by means of 

an immunomagnetic technique and positive selection (Miltenyi Biotech). For 

20 adenoviral transduction, CD34+ cells were plated at 2 x I 06 /ml in 3 5 mm Petri 

dishes in I ml serum-free medium (IMDM) containing an appropriate dilution 

of Ad-TRAIL stocks allowing a multiplicity of infections (MOI) of 500. After 

incubation (37°C, 5% C02) for 2 hours, cultures were supplemented with 1 ml 

IMDM/FBS 20%, and 4 hours laters GeneBooster (1 :200) was added. Cells 

25 were further incubated for 18 hours, then extensively washed (3x) in serum 

containing medium, and finally transduction efficiency was evaluated by 

direct immunofluorescence using a PE-conjugated anti-TRAIL antibody. 

Co-cultures. The apoptosis triggering activity of mTRAIL was tested in 
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vitro by means of co-culture experiments. Briefly, CD34/ Ad-TRAIL cells 

(effector cells) were co-cultured with breast cancer cells (target cells). 

Apoptosis induction was evaluated 48 hours after the onset of co-culture. In 

these experiments, a 1: 1 and 4: 1 effector:target cell ratios were used. 

5 Results 

Adenoviral transduction of CD34+ cells. An optimal transduction 

efficiency of CD34+ cells was consistently achieved by exposing CD34+ cells 

(2 x 106/ml) to graded Ad-TRAIL at an MOI of 500 under serum-free 

conditions for 2 hours (37 °C). While no background TRAIL signal was 

10 detected in control cells, TRAIL-expressing cells revealed a percentage of 

TRAIL-positive CD34+ cells of 93 ± 8% (mean ± SD). Cell viability, as 

evaluated by the Trypan blue dye exclusion test, was unaffected by an MOI as 

high as 1,000 (with ~5% viable cells). 

Co-cultures. We evaluated the capacity of mTRAIL to trigger apoptosis 

15 in breast cancer cell lines by co-culturing CD34/ Ad-TRAIL cells (effector 

cells) and tumor cells (target cells). CD34/Ad-TRAIL cells were collected 24 

hours after the initial exposure to adenovirus, extensively washed and 

co-cultured with MCF-7 or MDA-MB-361 cells. In these experiments two 

effector:target cell ratios were used, i.e., 1: 1 and 4: 1. The results are 

20 summarized in Table 8. 

25 
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Table 8 - Tumoricidal activity of mTRAIL on breast cancer cell lines 

Cell line Culture condition Apoptosis + Necrosis 

MDA-MB-361 

Control 6 

CD34/Ad-TRAIL (E:T ratio= 1:1) 28 

CD34/Ad-TRAIL (E:T ratio= 4:1) 50 

CD34/Ad-Mock (E:T ratio= 1:1) 12 

CD34/Ad-Mock (E:T ratio= 5:1) 19 

Ad-TRAIL 106 pfu 6 

MCF-7 

Control 5 

CD34/Ad-TRAIL (E:T ratio= 1:1) 17 

CD34/Ad-TRAIL (E:T ratio= 4:1) 64 

CD34/Ad-Mock (E:T ratio= 1:1) 21 

CD34/Ad-Mock (E:T ratio= 4:1) 22 

Ad-TRAIL 106 pfu 9 

A significant proportion of cell death was detected by co-culturing for 

48 hours CD34/Ad-TRAIL cells with the sTRAIL-sensitive MDA-MB-361 

5 cells at 1:1 E:T ratio (cell death= 28%) and 4:1 E:T ratio (cell death= 50%). 

For the sTRAIL-sensitive MDA-MB-361 cell line, the potency of the 

apoptotic effect exerted by a 48-hour exposure to mTRAIL was similar to that 

exerted by a 72-hour exposure to a high-dose (100 ng/ml) of sTRAIL (Table 

7). 

10 To verify that the cytotoxic effect of CD34/Ad-TRAIL was indeed due 

to mTRAIL, MDA-MB-361 cells were co-cultured with mock-transduced 

CD34+ cells. As shown in Table 2, co-culturing MDA-MB-361 cells with 

mock-transduced CD34+ cells was associated with a modest cell death effect 

only detected at the highest E:T ratio. Such a modest cell death induction was 
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likely related to culture overcrowding. 

To rule out the possibility that the cell death activity of CD34/ Ad­

TRAIL was due to free adenoviral particles which were not washed out at the 

end of CD34 infection with Ad-TRAIL, MDA-MB-361 cells were exposed to 

5 106 plaque forming unit (pfu). No evidence of cell toxicity could be detected 

by exposing MDA-MB-361 cells to 106 viral particles (Table 8). 

The number of pfu was calculated as follows. 

To infect 5 x 105 CD34+ cells at an MOI of 500, we used 250 x 106 pfu 

which were added to 1 ml CD34+ cell suspension. 

10 At the end of the infection, CD34+ cells were washed 3x in culture 

medium. For each washing procedure, a 1 :20 dilution factor was used, i.e., the 

suspension culture was diluted at least 8,000-fold. 

Assuming that 250 x 106 pfu were still in the suspension culture at the 

end of the washing procedure, they were diluted by 8,000-fold, i.e., <50,000 

15 residual pfu were expected to be added in co-culture. 

Thus, to rule out that the cell death activity detected in co-cultures was 

due to free adenoviral particles which were not washed out, breast cancer cell 

lines were exposed to a number of pfu equal to the theoretical value of 

residual pfu (see #3) multiplied by 20 (i.e., 50,000 x 20 = 106 pfu). 

20 Co-culture experiments were than performed by incubating CD34/ Ad-

TRAIL cells with the sTRAIL-resistant MCF-7 cell line. In these experiments, 

a significant proportion of cell death was detected by co-culturing for 48 hours 

CD34/Ad-TRAIL cells with the sTRAIL-resistant MCF-7 cells at 4:1 E:T ratio 

(cell death= 64%), whereas no cell death could be detected at 1:1 E:T ratio. 

25 For the sTRAIL-resistant MCF-7 cell line, the potency of the apoptotic 

effect exerted by a 48-hour exposure to mTRAIL was significantly higher than 

that exerted by a 72-hour exposure to a high-dose (100 ng/ml) of sTRAIL 

(Tables 7 & 8). 
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To verify that the cytotoxic effect of CD34/ Ad-TRAIL was indeed due 

to mTRAIL, MCF-7 cells either co-cultured with mock-transduced CD34+ 

cells. As shown in Table 8, co-culturing MCF-7 cells with mock-transduced 

CD34+ cells was associated with a modest cell death effect which is likely 

5 related to culture overcrowding. 

To rule out the possibility that the cell death activity of CD34/ Ad­

TRAIL was due to free adenoviral particles which were not washed out at the 

end of CD34 infection with Ad-TRAIL, MCF-7 cells were exposed to 106 pfu. 

No evidence of cell toxicity could be detected by exposing M CF-7 cells to 10 6 

10 pfu (Table 8). 
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CLAIMS 

1. Tumor-homing cells expressmg the tumor necrosis factor-related 

apoptosis inducing ligand, with the proviso that said tumor-homing cells are 

5 not dendritic cells. 

2. Cells according to claim 1, obtainable by transducing tumor-homing 

cells with adenoviral vectors coding for the tumor necrosis factor-related 

apoptosis inducing ligand. 

3. Cells according to claim 1 or 2 wherein said tumor-homing cells are 

10 selected from CD34+ hematopoietic cells from the peripheral blood of 

growth-factor treated cancer patients; NK cells from the peripheral blood; 

cytokine-induced killer cells (CIK) obtained through ex vivo culture of 

peripheral blood mononuclear cells;endothelial cells and endothelial 

progenitor cells; tumor-infiltrating lymphocytes (TIL);lymphokine-activated 

15 killer cells (LAK); macrophages; mesenchimal stem cells (MSC). 

4. Cells according to claim 3, obtainable by transducing NK or CD34+ 

cells with adenoviral vectors coding for the tumor necrosis factor-related 

apoptosis inducing ligand. 

5. Cell preparations containing the cells of claims 1-4 in admixture with 

20 physiologically acceptable vehicles. 

6. Use of the cells of claims 1-4 for the preparation of a medicament for 

the treatment of tumors. 

7. Use according to claim 6, wherein the tumor is a lymphoma. 

8. Use according to claim 6, wherein the tumor is a breast carcinoma. 

25 9. Use according to claim 6, 7 or 8 wherein the medicament 1s 

administered intravenously. 


