TUMOR- HOM NG CELLS ENG NEERED TO PRODUCE TUMOR NECROSI S FACTOR- RELATED
APOPTOSI S- I NDUCI NG LI GAND (TRAIL) FIELD OF THE | NVENTI ON The present
invention relates to tunor-homng cells expressing the tunor necrosis
factor-rel ated apoptosis inducing ligand (TRAIL) and the use thereof in
anti-tunor therapy. 5 BACKGROUND OF THE | NVENTI ON Dysregul ated apoptosis
mechani sns play key roles in the pathogenesis and progression of

| ynphoproliferative disorders, allow ng neoplastic cells to survive beyond
their normal |ife-span, and to eventually acquire cheno-radi oresi stance
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S 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 therapeutic targets for restoring
10  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-Xy), extrinsic (DR4, DRS, FLIP), or the
convergence (cIAP2) pathways of apoptosis [3].
Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) belongs to
15 the TNF family of death receptor ligands [4].
Isolated DNA sequences coding for TRAIL, expression vectors comprising
said DNA sequences and recombinant TRAIL polypeptides are disclosed in WO
97/01633.
TRAIL binds to death receptor 4 (DR4) and death receptor 5 (DRS), which
20 are expressed on the cell surface of many cancer cells [5]. Binding soluble TRAIL to
DR4 or DRS5 leads to to caspase activation and apoptosis [6].

Liu Zhongyu et al., J Clin Invest. Vol 112, no.9, 9.11.2003, 1332-1341,



2 disclose dendritic cells transduced with TRI AL by reconbi nant adenovirus
and potential nedical use in the treatnent of arthritis. No nention is
made as to the possible use of said cells for the treatnment of tunors. 5
In vitro and in vivo studi es suggest that due to a high cancer
cell-specificity as well as a potent anti2unor activity, soluble

reconbi nant TRAIL mght play a key role in anti-cancer therapy [7]. In
fact, TRAIL selectively induces apoptosis in many transforned cells, while
sparing normal cells [4]. Additionally, TRAIL admnistration in mce
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[ 10] .10l N & &B6n carcinoma [8, 9], breast cancer [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-
15 optimized TRAIL preparations or antibody-crosslinked 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 of tumor
20 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 in vivo treatment strategy [10]. In order
25 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].



25 to overcone limtations related to sol uble reconbinant TRAIL and
specifically target tunor cells, several adenoviral-nedi ated TRAI L gene
transfer approaches are currently being exploited using different aninal
nodel s [19, 20]. 3 However, gene transfer approaches |largely depend on the
efficient infection of the tunor and avoBdance of i mune clearance to be
effective [21]. In addition, several safety issues concerning the systemc
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expressed on stromal” cells residing within th one marrow 20 mcro
envi fgnment  ag; W&lnb wasthheart HEIel INBypELhSRY ipk Serefiblly 3d t@hdrs [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 molecules.

Following intravenous infusion, CD34+ cells display specific homing

15  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, 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

20  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 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

25  the influence of appropriate cytokine signals. Many groups have, therefore, sought

to use NK cells to home to



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

cel l ul ar-based i mune defense agai nst tunor cells through major

hi stoconpatibility conplex non-restricted mechanisnms [35]. Follow ng

i ntravenous infusion, NK cells honme to the bone marrow and | ynphoi d or gans
and extravasate at tunor sites under 25 #he influence of appropriate
cytoki ne signals. Many groups have, therefore, sought to use NK cells to
hone to 4 tunors for therapeutic purposes [36-38]. Even though the
tunmor-hom ng properties of NK-cells is known, genetically nodified cells
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anti-tunor activity in vivo. DESCRI PTION'OF THE | NVENTI ON According to the
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tunor necrosis factor-rel ated apoptosis-inducing ligand (TRAIL) by
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i nvention can be systemcally adm nistered to deliver TRAIL to the tunor

site W Lhowtn GAHeadAdhd iR caf CEaRRI e PARSHodeRIMAR Bl Siatde 00Rdi.Ngl y, the
present invention relates to tunor-homng cells expressing TRAIL and cel
preparations @OfHsaidw Beed Ry tTReCDBYerkil9Bngingérel @b @k prest TRIANE. ¢Hiebe
10  advantageously exploited for achieving a cell-mediated, anti-tumor activity in vivo.
DESCRIPTION OF THE INVENTION
According to the present invention, CD34+ tumor-homing cells are
engineered to produce tumor necrosis factor-related apoptosis-inducing 1igand.
(TRAIL) by adenoviral-mediated gene transfer. The cells according to the present
15 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 relates to the use
of said cells for the preparation of cell compositions for anti-cancer therapy, in
20  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. The
transduction can be carried out according to methods well-known to molecular
25  biologists, preferably following the procedure disclosed in the examples.

The term “tumor-homing” cells is used according to the invention to



of said cells for the preparation of cell conpositions for anti-cancer
therapy, in 20 particular for the therapy of human |ynphonma. The cells of
the invention can be obtained by transducing tunor-honing cells wth a
replication-deficient adenovirus encodi ng the human TRAIL gene (Ad- TRAIL)
under the control of a suitable pronoter5 e.g. the CW pronoter. The
transduction can be carried out according to nethods well-known to

nol ecul ar 25 biol ogists, preferably follow ng the procedure disclosed in
t he exanples. The term "tunor-hom ng" cells is used according to the
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209 is then a ours later cultures were supplemented wth
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conpositions o e Invention cam be prepared by using vehicles suitable
for parent&halers RANGS Giladtlsg. | ntravenous, administration, such as those

10 An optimal transduction efficiency of CD34+ cells may be obtained exposing
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.

15 The compositions of the invention can be prepared by using vehicles suitable

for parenteral, particularly intravenous, administration, such as those

20

25



20 25 6 reported in REM NGTON S PHARMACEUTI CAL SCI ENCES ( Mack Pub. Co.,
N.J. 1991). For instance, excipients which my be used include any
pharmaceutical agent 5 that is not harnful to the individual receiving the
conposition, e.g. water, saline, glycerol and ethanol optionally in

adm xture with auxiliary substances, sucll as wetting or enul sifying
agents, buffers, and the like in. Approprlate doses will depend, anong

ot her factors, on the sex, age and conditions of the subject to be

treated, the severity of the disease. An appropriate effective anDunt can
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det erm ne y neans o clinica tudi es therapeutlcally effectlve dose
will gengf ||d©12e fromabout 103 to about 1015 of transduced cells. O her
dosages can % f course established by neans of conventional experinents,
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schedul e. Moreover, the subject may be adm ni stered as many doses as
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ef fective dosage reginen. The invention will be now il lustrated in greater
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treated, the severity of the disease. An appropnate effective amount can be readily
10  determined by any skilled practitioner and may anyhow be determined by means of
clinical studies. A therapeutically effective dose will generally be from about 10° to
about 10'° 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
15 1 clinical studies. Dosage 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 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 potent
25 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



their cell surface; (iii) such a short duration of TRAIL expression is
associated with a potent 25 apoptotic effect detected on both

TRAI L-sensitive and TRAIL-resistant tunmor cells co-cultured with
transduced cells; (iv) in vivo injection of transduced cells in NOD SCI D
bearing an early or advanced stage tunof/ is associated with a significant
7 prolongation of mce survival, suggesting that both adenoviral
transduced CD34+ cells may efficiently serve as vehicles for systenmc
TRAIL delivery for therapeutic purposes. 5 The effectiveness of
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is nost |ikely apoptosis triggered by direct reaction between mlfRAIL and
its cognate r%&gﬂgﬁ%gmgp.&ﬁggg cells, we do not know the mechanism of their
in 10 vivo antitu ?IVIty Direct killing of the tunor cells is
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apopt osi s of tunor-enbedd non- tunor cells expressing TRAIL receptors
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roles in tunor devel opnent and tunor cell survival). Ongoing experinents

are aimed at b}@ﬁﬂ@[hé&ﬂ@!@f{aﬁls@qm@mﬂehhelthE‘ﬁﬂrtaﬁm%me@ffect BEMTR AR -¥iptessoser ved
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10 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 experiments are aimed at better understanding the mechanism of the in
15  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 expressing TRAIL following adenoviral-mediated
gene transfer.
20 The effects of co-culturing lymphoma cell lines with CD34+ cells engineered
to express TRAIL following adenoviral-mediated gene transfer were evaluated.
In initial in vitro experiments, an adenoviral vector expressing TRAIL (Ad-
TRAIL) was used to set up optimal conditions for adenoviral infection of CD34+
cells. The time-course of TRAIL expression on CD34+ surface was subsequently

25  monitored by using a PE-conjugated anti-TRAIL monoclonal antibody (clone Rik-

2). Finally, the capacity of membrane-bound



gene transfer. 20 The effects of co-culturing |ynphoma cell lines with
CD34+ cells engineered to express TRAIL follow ng adenoviral -nmedi at ed gene
transfer were evaluated. In initial in vitro experinents, an adenoviral
vector expressing TRAIL (Ad- TRAIL) was used to set up optimal conditions
for adenoviral infection of CD34+ cells.8 The tinme-course of TRAIL
expressi on on CD34+ surface was subsequently 25 nonitored by using a
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lines. M S enovirus en ng t uman TRAIL gene. A
replication-dgfigi@nt 5 adenovirus encoding the human TRAIL gene
(Ad- TRAIL) expressed fromthe CW pronoter was used for these experinments
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Purified virudses are stored in PBS with 3% sucrose and kept at -80C until
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that had the E1 genes deleted are transfected into human embryonic kidney 293
10  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 can be

15 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 samples by means of an immunomagnetic
20 technique and positive selection (Miltenyi Biotech). For adenoviral transduction,
CD34+ cells were plated at 2 x 10%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
(37°C, 5% CO,) for 2 hours, cultures were supplemented with 1 ml IMDM/FBS20%,
25 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



Adenoviral transduction of CD34+ cells. CD34+ cells to be transduced with
Ad- TRAI L were obtained fromthe peripheral blood of consenting cancer
patients receiving chenotherapy and treated with hematopoietic growth
factors. CD34+ cells were enriched from | eukapheretic sanples by neans of
an i munomagnetic 20 techni que and positi%e selection (MItenyi Biotech).
For adenoviral transduction, CD34+ cells were plated at 2 x 106/m in 35
mm Petri dishes in| m serumfree medi um (1 MDM) contai ni ng an appropriate
dilution of Ad-TRAIL stocks allowing a final nmultiplicity of infections
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Apoptosis in ion was evaluated 24 and 48 hours after the onset of

co- cul t ur@set! Bft EREQIL@SPERI FRRL Sexeign &t e ehOreffebtirgatrgee! tell ahiio was
cal culated on the basis of the transduction efficiency of effector cells.

Resul ts  AiRubAENeY kiebasty e wehbdurtidh EB3rkhce of bfectBr etlisyi nary experiments
denonstrated that an optinmal transduction efficiency of CD34+ cells was

consistently achieved by exposing CD34+ cells (2 x 106/m ) to graded MJ of
e 10 Adenoviral transduction of CD34+ cells. Preliminary experiments
demonstrated that an optimal transduction efficiency of CD34+ cells was
consistently achieved by exposing CD34+ cells (2 x 10%/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%)

15
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TRAIL (range, 100 to 1,000) under serumfree conditions for 2 hours (37C).
An equal vol unme of serum suppl enented nedium (I MDM FBS 20% 15 20 25 10
was t hen added, and 4 hours later cultures were supplenmented with Gene
Booster (1:200) and further incubated for 18 hours. Finally, the cells
were extensively washed (3x) in ser um ckht ai ni ng medi um and transgene
expression was evaluated by 5 direct inmunofl uorescence using a

PE- conjugated anti-TRAIL anti body. Wile no background TRAIL signal was
detected in control cells, Ad-exposed cells revealed a percentage of

TRAI L- pogjiat it&, GRB4T £8! 4 howhi Rleraiturbd GefAS@ShIEM et dMAth dBRRNEEHIteTBNNET .
In a representative experinent, the percentages of TRAIL-positive CD34+

cell's werer85%0,3008h% ahc@atddOro0f 8108yrs 1 @iy, kB OcellseSRAS ekikivelyThe
above described infection protocol consistently resulted in a maxi mal gene

transf er yaEfidLi3N5Y seunPeonVidhif mddR@Damd irfinsefiead of
70 9504 1< )V EbSir el I g%fp?leSISi g TRAI L. S v |aisteg,aluggé%h(}Jr wnoe

eval uat egd; By iliBuddiRResBh&tSusiie a PR barglgned esti-TRWQHE. biddect ed by an MO
as high 15 as 1,000 (with >85% viable cells). To evaluate the tine-course

of transgene GXRAIESSI OPackekBfd CERASL Weigal t wansdeteerdwihh caitrdOl cedls, 1, 000
and anal yzed for TRAIL expression up to 7 days after transduction. In

these expeIEXFRIIES cellréledRiA 4 pedbhtape CPIRAKEEPositiseIODIH celtsuivhichewaver e
suppl emented with | ow dose (3 ng/m) of granul ocyte
increased in an MOI-dependent manner. In a representative experiment, the
percentages of TRAIL-positive CD34+ cells were 25% and 84% at an MOI of 100
10  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 by an MOI as high
15 as 1,000 (with >85% viable cells).
To evaluate the time-course of transgene 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.
Table 1 - Overtime transgene expression of CD34+ cells transduced with Ad-

TRAIL
25

Hours post-infection 24 |48 |72 120 |168
% of CD34* cells expressing TRAIL 95 |70 142 |25 13




20 col ony-stimulating factor (G CSF). As shown in table 1, a substanti al
percentage of CD34+ cells (25% continued to express TRAIL up to 120 hours
following transduction. Table 1 - Overtine transgene expression of CD34+
cells transduced with Ad- TRAIL 25 Hours, post-infection 24 48 72 120 168 %
of CD34* cells expressing TRAIL 95 70 425 13 11 5 10 15 20 25 12
Co-cultures. Finally, we evaluated the capacity of nenbrane-bound TRAIL to
trigger apoptosis in lynphoid cell lines by co-culturing Ad- TRAI L/ CD34+
cells and tunor cell lines (target cells). For these experinents, two cell
lines were 5 selected according to their sensitivity to soluble TRAIL. In
particular, the TRAIL sensitive KM5-11 cell line and the TRAIL-resistant
JVM 2 cell line were used. CD34+ cells transduced under optinmal conditions
according to the infection protocols described above were collected 24
hours after the initial exposure to adenovirus, extensively washed and
co-cultured with KM5-11 or JVM 2 cells. 10 When Ad- TRAI L/ CD34+ cells were
co-cdtured at an effector: target cell ratio
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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 anount of
apoptotic cells was further increased after a 48-hour co-culture (93%
apoptotic cells). For the TRAIL-sensitive KV5-11 cell |ine, the potency of
t he apoptotic 15 effect exerted by menblZane- bound TRAIL was sinmilar to
that exerted by a 24- to 48-hour exposure to a high-dose (100 ng/m) of
soluble TRAIL (Table 3). However, given the pharnmacokinetic profile of
TRAIL after intravenous injection (plasmatic half-life of 32 m nutes and

el imnation hél)fc-dlhﬁ%sqﬁinén?, WeWvaluatedll tHeQaphSILOUS nibBibrafic-Byand IR Algur
exposure at 100 ng/m cannot he achieved in vivo. 20 25 13 Table 3 -

Ef fect of, §(§§§p!§§8§ﬁe¢sunq1wﬁﬁ§icﬂcéu ¢idleh %gpdmblﬂturﬁlfg salTiAeL A4 vical e
0

cells after viable cells after 48 TRAIL hours hours 0 ng/m 78 75

100 ng/ Mm@ fuoFcellulitnes g% cEHNtFor Walese akkperipentkorntwedcsly limwubatd ng 5
Ad- TRAI L/ CD34+ cells or Ad-TRAIL/NK cells with the sol ubl e TRAI L-resi st ant

JVM 25 celdledted@cciiary AOthERALdnsERBEHocellisleVIER RTIC.OInCpdrtivtiag, te BRAGLS ect or:
target cell ratio of 0.8:1, a substantial proportion (51% of apoptotic

and necr 9drsfiveek MBS -Magell digleesitiebe TRA I hesERAL LVMVBicstldite Wi Bedel | s af ter

a 48-hour co-culture. 10 For the TRAIL-resistant JVM 2 cell line, the

potency of thepapeptdlsi €alifie&t under optimal conditions according to the infection
protocols described above were collected 24 hours after the initial exposure to
adenovirus, extensively washed and co-cultured with KMS-11 or JVM-2 cells.

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

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

15 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 4.8 hours), a

continuous 48- or even 24-hour exposure at 100 ng/ml cannot be achieved in vivo.
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exerted by menbrane-bound TRAIL was significantly higher than that exerted
by a 48-hour exposure to a high-dose (100 ng/m) of soluble TRAIL (table
4). Table 4 - Effect of soluble TRAIL on JVM 2 cells Anmount of sol uble
TRAIL % of viable cells after 24 % of viagple cells after 48 hours hours O
ng/m 87 84 100 ng/m 86 80 15 To furth expl ore the potency of the
apoptotic activity of cell-nediated TRAIL delivery, effector cells

(Ad- TRAI L/ CD34+ cells) were co-cultured with target cells (KMs- | 1 cell
line) for 24 hours at 20 14 different effector: target ratios. As shown in
table 5, Ad- TRAbld £DB4fece sl slubleiTTORIIEOn K MBS @dilsi al  per cent age (66%) of
KM5-11 cells to undergo apoptosis or necrosis in 5 co-cultures set-up with
an ef}‘ector target ratio of 0.4:1. Table 5 - Induction of apoptosis by
co-cul tyring Ad- IRAI L/ CD34+ tell -1 s for our.s

i ncr easi|Adneunt  5tqfos eplphle Kiis ?LX Tﬁcél“bghfr@.“ Oévéalile gt‘ ﬁte%‘{fﬁ
resi dual|TRAB7 34 22 viabl e/R®I1Ss 10 Exanple 2 -hPH”vl vo evaluation |in

NOD/ SCl ) mce_ of the anti cantcer
0 ng/ml 78 75

100 ng/ml 27 2

Co-culture  experiments were also performed by  incubating
5 Ad-TRAIL/CD34+ cells or Ad-TRAIL/NK cells with the soluble 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 For the TRAIL-resistant JVM-2 cell line, the potency of the apoptotic effect
exerted by membrane-bound TRAIL was significantly higher than that 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 TRAIL |% of viable cells after 24| % of viable cells after 48
hours hours

0 ng/ml 87 84

100 ng/ml 86 80

15
To further explore the potency of the apoptotic activity of cell-mediated
TRAIL delivery, effector cells (Ad-TRAIL/CD34+ cells) were co-cultured with

target cells (KMS-11 cell line) for 24 hours at

20



activity of CD34+ cells engineered to express TRAIL foll ow ng adenoviral -
nmedi ated gene transfer. In order to investigate the therapeutic potenti al
of Ad-TRAIL/CD34+ cells, NODSCID mce were rcinfused with the

TRAI L-sensitive KVM5-11 nultiple 15 nyeloma cell line. Subsequently, mce
were injected wth Ad-TRAI L/ CD34+ cells bhd nice survival was used as a
readout of the antitunor efficacy of cell-based TRAIL delivery. 20 25 15
Met hods Eval uation of the antitunor activity of Ad-TRAIL/CD34+ cells. Six-
to eight-wk-old female NOD/SCID mce with body weight of 20 to 25 g, were

5 pur chaggge thomeldhat kascehayies. (Mlano, Italy). Mce were housed under
standard | aboratory conditions according to our institutional guidelines.

Experimental ARrQRe@HT &5 f@sld &, "RA-PRAZNICY £+ WaIK afgEevEda byutishmtiat hi cal
Committee for Aninmal Experimentation of the Istituto Nazionale Tunori and
were car ?b&@nﬁl‘é& I(B6%RCo0r ®aMISel Wi &dlist e giideglol ngpedsid her Uidkeds Kimgdom
Coordi nating Committee on 10 Cancer Research. Mce were inocul ated

i nt r ayeneysduttufds\eet-vh tltHMBefifécto thipel Eathy ¥ @6 .per  nouse). Treatnment with
Ad- TRAI L/ CD34+ cells (1 x 106 per nouse) consisted in IV weekly injections
for 4 weeks strabld 59 I81GdRIN GMafdpyosts By cd-Culthtieg AMTRAILAD34+ celdubad i on.
The nean transduction efficiencies of reinfused Ad- TRAI L/ CD34+ 15 cells

were 83 @Ysandcdils for 28%oure/ngeichsiag ¥-T Thiits, each nouse received an

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

% of residual|71 67 34 22
viable cells

10 Example 2 - In vivo evaluation in NOD/SCID mice of the anticancer
activity of CD34+ cells engineered to express TRAIL following adenoviral-
mediated gene transfer.

In order to investigate the therapeutic potential of Ad-TRAIL/CD34+ cells,
NOD/SCID mice were reinfused with the TRAIL-sensitive KMS-11 multiple

15 myeloma cell line. Subsequently, mice were injected with Ad-TRAIL/CD34+ cells

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

TRAIL delivery.
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average nunber of 3.32 x 106 TRAI L-expressing CD34+ cells over four
injections. Mce were checked twi ce weekly for tunor appearance, body

wei ght nmeasurenents and toxicity. The survival tinmes of animals in each
group were recorded and differences anp t he groups were eval uated by
statistical analysis. Appropriate 20 conffol groups included: (i) mce
injected with tunor cells only, (iii) mce injected wth tunor cells plus
non-transduced CD34+ cells. Results Ad-TRAIL/CD34+ cells. Mce xenografted
with KM5-11 cells (0.5 x 106 per nouse) were treated with 4 IV injections
of Ad-TRAI L/ Cpd#osel | s 25 on a weekly basis according to two different

schedules, i.e., treatnent of early stage tunor which was started on day
7, and treat mERalutichd ¥R k€ Ansitagor activitywbf ald-TRAILYCDMedcels. day- 4o af ter
| SIS-11 cell injection. Since the 16 nean transduction efficiency of

rei nf used; hd-wiRAId /f63k+ NCEDISCIBasNiB8 witB%odymeasightSf 20 20925 gaokréouse
recei ved an average nunber of 3.32 x 106 TRAIL- expressing CD34+ cells over

four §njpatdhassd flonAIBRleWRIvEr FMilane, ltaly)helicedivare Souset viaddeofstadBfSCl D
mce injected with KMS-11 cells alone was 56 days. Injection of wild type
CD34+ celdsorinagy neomifi@ct acoordimegli @n dwr isvialtiqnab gaiyle)inesahExpasmbiabl SCI D
mce treated with Ad- TRAIL/CD34+ cells for an early stage tunor showed a
medi an spiydedatesopedfotmell daysnimaR wede 0PPigved1by Tthe BftfiedtComntitteatfong an
advanced stage tumor with Ad-TRAIL/CD34+ cells is depicted in Figure 2.
The medi amisiat \Bxpatimehtahob/ &AL Tsiiteo iNgzémtadel Tintdyi KME-wdré aeti¢d oat ame was
56 days. Injection of wild type CD34+ cells had no effect on
accordance with the guidelines of the United Kingdom Coordinating Committee on
10  Cancer Research.
Mice were inoculated intravenously (IV) with KMS-11 cells (0.5 x 10° per
mouse). Treatment with Ad-TRAIL/CD34+ cells (1 x 10° per mouse) consisted in IV
weekly injections for 4 weeks starting either on day 7 or 17 after tumor cell
inoculation. The mean transduction efficiencies of reinfused Ad-TRAIL/CD34+
15 cells were 83 + 8% and 61 + 18%, respectively. Thus, each mouse received an
average number of 3.32 x 10° TRAIL-expressing CD34+ 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 the groups were evaluated by statistical analysis. Appropriate
20  control groups included: (i) mice injected with tumor cells only, (iii) mice injected
with tumor cells plus non-transduced CD34+ cells.
Results
Ad-TRAIL/CD34+ cells. Mice xenografted with KMS-11 cells
(0.5 x 10° per mouse) were treated with 4 IV injections of Ad-TRAIL/CD34+ cells
25  on a weekly basis according to two different schedules, i.c., 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



medi an survival (56 days), whereas treatnent with Ad- TRAIL/ CD34+ cells of
advanced stage tunor was associated with a significant increase of nedian
survival 15 (98 days, P < 0.007). 20 25 17 Exanple 3 - In vitro
antitunmor activity of CD34/Ad-TRAIL cell agai nst breast cancer cell lines
A significant proportion of breast canc 6 cell lines is resistant to

TRAI L-i nduced apoptosis due to a nunber of mechanisns, including TRAIL 5
sequestering by TRAIL decoy receptors, |oss of expression of R and R2
receptors, FLIP overexpression, etc. [40]. Based on our previous results
showi ng #Rad tEahRAhdtionesifRiarly o mahanedcal | TRANES D3deooels ndeess TR
responsi ve when exposed to nifRAIL, we investigated the sensitivity of two
breast canesr+e@,In EinesachomsiiAtdcepred amldRAldge riinbdre fSEb3 ixtm?iTiR/AHj- br east

cancer cell lines to the killing effects of sSTRAIL was evaluated in
conpar i setprésifg CDs4ewzllsiateofoupfinjebigonsn vitro triggering of apoptosis of
STRAI L-sensitive and sTRAI L-resi stant breast cancer cell |lines co-cultured

wi t h £D34/ Ad- ARAhbwadh IFRgurbwig the edsliac sureiral 06 NODISED), miceinjedwtFwithand
MDA- MB- 361were used. 15 In order to evaluate the sensitivity of individual
cell 1ingps$a itddiskilddd wgs 6bfdagys. InpéctohRAM wildttyp® CIeIH sel{sthad d@ ekfedi04/ m )
were exposed for 72 hours to a low (10 ng/ml) and a high (100 ng/m) dose
of STRAIl bn SHiddsaquentivyl, (Apophysi swhemkss eNQIIVACED yicantreated- Withr ofpd-di um
i odi de doubl e st ai ni ng.
TRAIL/CD34+ cells for an early stage tumor showed a median survival of 111 days
(P £0.0001).
10 The effect of treating an advanced stage tumor with Ad-TRAIL/CD34+ cells
is depicted in Figure 2. The median survival of NOD/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

15 (98 days, P <0.007).
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Met hods 20 Cell lines. The breast cancer cell |ines MCF-7 and NDA- MB- 361
were purchased fromthe DSMZ (Braunschwei g, Germany, EU) and ATCC
(Manassas, VA, USA), respectively. Cells were periodically tested by

pol ynerase chain reaction for nycoplasma gcontam nation. Al in vitro
experinments were performed with exponentlgpl y growi ng cells. 25 Annexin-V
expression. The Annexin V-FITC assay (PharM ngen) was wused to
quantitativel y Keimapihe 3e- tlnevijer cartitageonfactivitys ofi(dBddAdgrBAdLy cells | ate
apoptosis and necrosis. Briefly, cells to be anal yzed were washed tw ce
with col d &BSnathbredstrcanesnuspldied i n bi ndi ng buffer (10 nM HEPES, 18 140
nMNaCl, 5 nM CaCl2, pH 7.4). Follow ng incubation, 1 m of the cell
suspensi on was Ar sigsifeanddptapoatisn npf dubesir éamﬁtﬁec@lﬂldllse&nlérl@ISIS&ﬁntAﬁmem n
V-FITC and 10 microL of propidiumiodide was added. After vortexin t he
sanpl es weFBATheinsaced aPOPtOESS due tar neshet efpeechenisans, Anedings IR t he
end 5 of the incubation, of bi ndi ng buffer wer e ,added_and e cells
were dnal W@SﬁemmdbﬁtEMIbyd¢QQﬁNrW@t gss Rés"d‘IPF%SSl% qanés%‘i1 g{‘

whet her incubation with sTRAIL was associ ated w trig %erl n

apopt osi s, TeREPtors.ahid-IRDAvaexpEesstan, | etc; 148 [ wdtase x% ECVEQUS ‘ITIQNI‘]LS (10 -

100 ng/m, 72 hours) and then the percentages_ qf apoptotic and otic
cell's was Heve@gethasys]] ﬁﬁ@gfé?ﬁd?tﬁ‘ﬂg °§’r?o€\ﬁ’luol eﬁa§$ me 18 ‘fﬁiistﬁ%&f

TR f ol e e eny spoptokl £y spance AT Selltuions
breast cancer cell lines to sSTRAIL 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-361were used.

15 In order to evaluate the sensitivity of individual cell lines to the killing effect
of sTRAIL, tumor cells (5 — 10 x 10%/ml) were exposed for 72 hours to a low
(10 ng/ml) and a high (100 ng/ml) dose of sSTRAIL. 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,



exposed to 100 ng/m 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/m) Cell Li rl%BPhenotype 0 10 100 Apoptotic +
Necrotic Cells (%9 MCF-7 BC 10 9 13 MDA-VB-361 BC 6 9 46 The in vitro

triggering of apoptosis in breast cancer cell lines 20 co-cultured with
CD34+ cel | sl4éxpMebaiCigs TRAICACIZ, pblv dg. HdHawwig ancubatiding Ocld mjeofethercallsf er
(CD34/ Ad-TRAIL) was then evaluated. 19 Methods Adenovirus encoding the
human TRAI Isugpersion wasptiaosfered- thehi Tineheultaigedei and Senmdol mf Ahsekimman
TRAIL gene (Ad-TRAIL) expressed fromthe CW pronpter was used for these
exper i ment sV{FIIC amfied OamiqmAl pf poepridiung indideewantadded c ddtargyasteringc theof
human TRAIL cloned into the Xhol and Notf sites of pAd5CWK- NpA. The
resul tant peEgieswerel ingibatsd fard Soask pbreom tegpenssers ipAbe darkadt theendhe El
genes deleted are transfected into_ human enbryonic kidn%£ﬁ293 cells, and

viral partiodl &e Hcabpienalet mlhat bigding; wlfenwera pgddedi andthermalls were

expressi on. Reconhi nant, aqenO\étilr uses are screened for 10 replication
conpet ent Anahwedyimmadiataly bydflow cxfomgly. virus titer is deternined by

pl ague assay onRZe%gltgel |s. Purified viruses are stored in PBS

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 sSTRAIL 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.



wi th 3% sucrose and kept at -80C until use. TRAIL gene product is expressed
on the cell surface of transduced cells and can be detected by neans of
flow cytonetry. 15 Adenoviral transduction of CD34+ cells. CD34+ cells to
be transduced w th Ad-TRAIL were obtai neqqf romthe peripheral blood of
consenting cancer patients receiving chendtherapy and treated with
hemat opoi etic gromh factors. CD34+ cells were enriched from | eukapheretic
sanpl es by meanddefiodan i mmunonagnetic techni que and positive sel ection
(Mltenyi Biotech). For 20 adenoviral transduction, CD34+ cells were plated
at 2 x 106/ m | M&HovirgsEnaodinglitbhdyman TRAILs genen £ twplivationrdefiaen
containing an appropriate dilution of Ad-TRAIL stocks allow ng a
mul ti plici tageapvirps saeeding thetumasr TBAdL genectAdildeabal pepresserfronnshecy)
for 2 hours, cultures were supplenented with 1 Ih/DI\/IFBS 20% and 4
hour s |ater§M€séﬁé@ae§qrévaS(qS.ez8 I ifigse axprdmers| [nr?é)]-z“é oéyd TRAhsentRBUbat ed
for 18 hours, then extensively washed (3 .0 serum, cont aini ng | and
finally tréﬁ%cﬁﬁ‘@tr?c%’ § iSedl Q\gg‘“@?gl ﬁ&ﬁ;ﬁ gipne iIPEQ:Eh‘F rﬁﬁﬁ’gcﬁqﬁﬁ&'?a?cence
usi ng a PE-conj uga I - | L. anti body. -cul.tures.. The apoptqsis
triggering Sé@?i‘&??é%d&%%ﬁ?e@?@ﬁ%%%mlqi aggn%ghgggqlgbone
co-cul ture experi nment riefl 4/ Ad-T el | ffect.o ells) were
co-cul tur e&%ﬁ?‘f‘?%r@%‘i@ E%ﬂ%?éafdy&chﬁ g?]&‘?‘sggﬁe%gf 12&§ _stra AP 51P£° ?‘HHI?& i on
was eval uated 48 hours afier the onset .of co:rculture. | hese. ..
experi nent & @Y g‘_rg(sﬁlei e Pk A YiE3L r&c?laqs! arlﬁdﬁglﬁ e‘g\@f“i aﬂg’gg}ed\%ﬁﬁesul ts
Adenoviral Jn%fly@?sd 'b'%tTﬁQxIEf e%ésﬁoﬁ?ﬂe%bm’%rfn&ﬂté erlovtifuasre]g dal%(e:tslcggened for
10  replication competent virus by AS549 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 10%/ml in 35 mm Petri
dishes in 1 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% CO,) 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



efficiency of CD34+ cells was consistently achi eved by exposing CD34+ cells
(2 x 106/ mM) to graded Ad-TRAIL at an MJ of 500 under serumfree
conditions for 2 hours (37 C. Wile no background TRAIL signal was 10
detected in control cells, TRAIL-expr essiﬁg cells reveal ed a percentage of
TRAI L- positive CD34+ cells of 93 8% (neafi"f SD). Cell viability, as

eval uated by the Trypan bl ue dye exclusion test, was unaffected by an MJ
as hi gh asitio B30 nfesnshof%oviwlbire eepdrinentSo-Bri¢flyr €D3A ETRAR! edllshe
capacity of nTRAIL to trigger apoptosis 15 in breast cancer cell lines by
co-cul t uri (eff€diBy/ disTRadeke ced-kaltaedd eritlor breast I@pcandellsmitarget! csll§). ar get
cells). CD34/Ad-TRAIL cells were collected 24 hours after the initial
exposur e t Apageosiy indissticex tvas sivaiate dvaShleahira reftercibhe consetirod cconcwumeCEa 7 or
VDA- MB- 361 cells. In these experinents two effector:target cell ratios
wer e used, these.expérifneats) a41:1. anthé: Ir effedtvstarget cddratiomwereused.n Table 8. 25
21 Table 8 - Tunoricidal activity of mIRAIL on breast cancer cell |ines
Cell lime Cul t uResidtsndi tion 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 ( EAtleneviral fransdyction @DIdPAd+veels.( AT opfimgl Srapsgyction

efficiency of CD34+ cells was consistently achieved by exposing CD34+ cells
(2 x 10%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 =85% 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



Ad- TRAIL 106 pfu 6 MCF7 Control 5 CD34/Ad-TRAIL (ET ratio = 1:1) 17
CD341Ad-TRAIL (E: T ratio = 4:1) 64 CD34/Ad-Mck (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 -culturing for 48 hours

CD34/ Ad-TRAIL cells with the sTRAI L-sensit%fve MDA- MB-361 5 cells at 1:1
E:Tratio (cell death = 289 and 4:1 E:T ratio (cell death = 50% . For the

STRAI L- sensi ti vEabRAS MEFu3hdricidlal atiivigy of ReTRATEmybmdast benceapefitltdsc ef f ect
exerted by a 48-hour exposure to nTRAIL was simlar to that exerted by a

72- hour exposure to a high-dose (100 g/ m ) of STRAI Tabt e . 10 To
verify tha.‘/erlhlénecyt ot oxvgité’f‘? 8%‘?‘3 D34/ Ad- TRALL wa?é el JH&C“?SAS
NMIRAI L, MDA- MB-361 cells were co-cultured with nock-transduced CD34+
cells. As in ble 2, co-culturing MDA-MB-361 cells with
mck-transgﬁgggl\/}@léﬁ cells was associated with a nodest cell death effect
only detected at the highagblE: T ratio. Such a nodest6 cell death induction
was 22 likely related cyl.t ercrowdi ng. To rule out the possibility
that the cell death actm%#%%géﬁ‘/@giﬂ T I“I'_lmgs d?@ to free adenoviral
particles which were noCDSASAAITRWIIAME:Thatio =4:1) 50

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

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

Ad-TRAIL 10° pfu 6

MCEF-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 10° 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



end of CD34 infection with Ad-TRAIL, MDA-MB-361 cells were exposed to 5 106
pl ague formng unit (pfu). No evidence of cell toxicity could be detected
by exposing MDA-MB-361 cells to 106 viral particles (Table 8). The nunber
of pfu was calculated as follows. To infeg 5 x 105 CD34+ cells at an MO
of 500, we used 250 x 106 pfu which were“added to 1 m CD34+ cell
suspension. 10 At the end of the infection, CD34+ cells were washed 3x in
culture nHdelyneldied toanitunadhengowdagedure, a 1:20 dilution factor was
used, i.e., the suspension culture was diluted at |east 8, 000-fold.
Assunming that 2F6 puldOfutpfhe pessibrity| that rih¢ hells dspénsctimity wit GRRSHAdhe

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

<50, 000 1F3RAHi shaalduefto fvee edexpecilguhrtioleh evliidt edeiemmatoweshaduoet. atTthas, to
rule out that the cell death activity detected in co-cultures was due to
free adenoend aif @RAB4#iinfesionhwith ATRADL, MBAMB36] dellsamerecenseddel |
lines were exposed to a nunber of pfu equal to the theoretical value of
resi duas pll0° plepenfyrming inpl (pfd).bYo 2yidénce. of el dwdicity zouid bealgieetpd 20
Co-culture experiments were than perforped by incubating CD34/Ad- TRAIL

cel I's w t hbykapeTirg M} AME-30t Cﬁﬁ}'iql@elvlral padiclem(kaded)experiments, a
significant pro¥orti on of cell death was detected by co-culturing for 48
hours CD34/ Ad- Thamunthar|of plptwes erdcetnfes) 2s fdllgws.ant MCF-7 cells at 4:1 E T
ratio (cell death = 64%, ereas no cell death could be detected at 1:1
ET ratio. 25 Fbp infretoTRADL GR3 s eelht abverMOL eff 500; e usede2 Hbkdic e t he
apoptotic effect exerted by 48- hour, exposure to nTRAIL was significantly
hi gher t haivhiehterepdded o Bﬁﬁcpﬁ-‘lﬁo‘ﬁf’ru Y8R -t 0 a hi gh-dose (100 ng/ m)

of STR'IA\(l) - At the end of the inféction, 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 10° 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 = 10° 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 sSTRAIL-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).



(Tables 7 & 8). 23 To verify that the cytotoxic effect of CD34/Ad-TRAIL
was i ndeed due to mIRAIL, MCF-7 cells either co-cultured with
nock-transduced CD34+ cells. As shown in Table 8, co-culturing MCF-7 cells
wi th nock-transduced CD34+ cells was assggiated with a nodest cell death
effect which is likely 5 related to culttre overcrowming. To rule out the
possibility that the cell death activity of CD34/Ad- TRAIL was due to free
adenoviral par tTelvesifwhthahtheecgotwtic wifehedf GLD34A d-AR AHntvasfindB3d due
infection with Ad-TRAIL, MCF-7 cells were exposed to 106 pfu. No evidence
of cell towx ehTRAGDYIMORe7 dedlbsc tdhebyoeubsed gviithnpckdtdnsduoed d8D340 pfu
(Table 8). 24 REFERENCES 1. Danial, N.N. and S.J. Korsneyer, Col| death:
critical coells.ohs phbwinsin Tebld 8, 20Caltuting(CF7. celbewith n®ck-tr@nsdyssk| onny,
M V., Prospective strategies to enforce selectively cell death in cancer
cel ls. OncOipdde; cell9avas23¢sbjated witha7nmslesBcelvdeasttn effocy whish i 1gkely
Schwartz, Harnessing apoptosis for inproved anticancer gene therapy.
Cancer Resrela@d3o QgtlzﬁpvemIOMgJZ. 4. Ashkenazi, A and V.M Dixit,
Deat h receptors: si %nal ing and 10 nodul ati on. Science, 1998, 281 1%381): p.
1305-8. 5. Ashk&nawmile out thedpossibility xthat thgsisllodeathe aatyEY %@CJE&{/ dand
decoy receptors. Curr Opin Cell Biol, 1999. 11(2): p. 255-60,

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 10° pfu.
No evidence of cell toxicity could be detected by exposing MCF-7 cells to 10°
10 pfu (Table 8).
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ligand, with the proviso that said tumor-homing cells are not dendritic cells.

2. Cells according to claim 1, obtainable by transducing CD34+ cells with
adenoviral vectors coding for the tumor necrosis factor-related apoptosis inducing
ligand.

10 3. Cell preparations containing the cells of claims 1-2 in admixture with
physiologically acceptable vehicles.
4. Use of the cells of claims 1-2 for the preparation of a medicament for the

treatment of tumors.

5. Use according to claim 4, wherein the tumor is a lymphoma.
15 o. Use according to claim 4, wherein the tumor is a breast carcinoma.
7. Use according to claim 4, 5 or 6 wherein the medicament is administered

intravenously.



