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- Viral Shedding from patients

- Detection of RCV (RCA or RCR)

. Reference Materials (Adenovirus type 5)

- Minimize of the Risk of Germline transmission
- Insertional mutagenesis

- Oncolytic virus (Workshop)

- Long term follow up (FDA Guideline %)

+ Lentiviral vector (EMEA Guideline %)
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<Classical extended S+L- assay method>
Retrovirus vector
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<Infectivity qRT-PCR with RCR concentration>

Passage
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o
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| Culture sup
o

L)

Infection v
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B
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| Focus formation

»Long term
»Non-quantitative

Concentration of RCR by
PEI-magnetic beads

DNA extraction from

Quantification of Env RNA by

>
>

Culture sup

v

'

PEl-beads fraction

v

& 1 &

TagMan gRT-PCR

Sensitivity : 1ffu in starting material

»Rapid
»High sensitivity
» Quantitative
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PRENCRETATIA<—, TU—-T7D
v FERWTPCREGICENIRIBL LS &
ThE, Ny —SLERMBICHET S EIHE
W DNAMT A A PCRRIED /8y 2 77 ¥ FIZ
oTLE). #0710, 77/ 94 VAME
R e SR 5 AR & BV TR R (CPE) %
FEEL LTS A VA TREBET A2 RMAN
LNTWAD, L havANVADEE L Rk,
AL MR A 4R DR L, HEEY I VA%
EIET AL ENEHDL. £IT, HALAETALA
O REFEMFERIC PCR #EOREY - BEEEY
MAEDLEARI LICLDIEREET T/ VA NVA
rEBETRE T ABREEPCRETRE L7
(B06). Thabb, WMEETT/ VTAVA%EE
teidifhk %, $aMETEMAL Td 5 Hela #l f 1 ey
sS4, MRAPITHENE L A7 4 VA D DNA Bk
A L CEL, ZToHicEThd EIfER
DNA # %88 PCR * nested PCR % v Tt
TAHHETHAH. MaROY
4 VA DNA W O %)= 22
BN 3Tk 4 REL A S

Lower number of RCR in Retrovirus vector
can be detected in earlier days

M4 PEIRSY—XZFHVIBEMEPCR & SHIL-TvefI2L3

WEGHME L O A L 24 O R

AE1

ffu/dish | Day 3 | Day 7 ffu/dis | Day 3 | Day 5 | Day 7 | Day 10 AV — AmEEE B, K
h ;

R = Btk PCRIET I3, BEA MR

e ::"5;“"‘ = fi5k ) E15H18 DNA Wi 0

3 i s 3 1/5 PR lu,mmmmuﬁ%gﬁ

0.3 0/5 0/5 1 25 | 215 [HalsHIEAEE BT EILLNIRERI LT,

0.1 0/5 0/5 03 | 05 | 05 | 0/5 | 1/5 F7:, e~ RS HIEIEL

0.01 | 0/5 0/5 01 | O/5 | 05 | 0/5 | 0I5 T&7/v 4 )VAHE%EDNA %

001 | 0/5 | 05 | 0/5 | 0/5 B B, BEDEHED

AERIASEAREIC 2 B & Vv ) KPR
bdhd. FEEFAVNBIE
L0, TFLTA Aty
& —Z AL 7 LI-WeREt 7
FIIALVARERETH D
CPE 12 1~<T10,000fF L. L

AdV mR (1] z [

] MR

ERE I CHETELZ LAHG
e, oREEI b EER

GOl
Homologous Recombination

EsEEEEERESAREERAER Human Embryo Kidney
(HEK) 293 Cell Genome

TWwWa I LkhmEsh",

—F, YA NARY F— |2
BATAEREDDH 2 HEIEN
T A INAB X R

L oA LA ZEL T,

E1 Region of Adenovirus DNA
Replication-
competent = —
Adenovirus E1 Region
(RCA)

Bl5 7F/9ANANZE—IRATHEHMT 7/ 24 L2 (RCA)

282

RAMIORRE A b — 7
PA L E TR AZDE



< Conventional Cell Culture / CPE Method>

BEFR & v AR Vol. 35 No.4 2007.10

: RCA
AdV ﬁﬁﬁc <Infectivity PCR>
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e DNA Extraction by
} 7oms Glass Beads
== -
W{-’
Quantification of E1 DNA
1 u:;:luant;;:m PCR

. Cell Lysate
v

l 14 Days

==

l 7 Days
'— Cytopathic Effect (CPE)

»Long Term Needed
»Semi-quantitative

4 Wks

Sensitivity : 1 pfu in Starting Materials

<Rapid
< Sensitive
< Quantitative
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ABSTRACT

The identification of circulating endothelial progenitor cells (EPCs) has revalutionized
approaches to cell-based therapy for injured and ischemic tissues. However, the
mechanisms by which EPCs promote the formation of new vessels remain unclear. In this
study, we obtained early EPCs from human peripheral blood and late EPCs from umbilical
cord blood. Human umbilical vascular endothelial cells (HUVECs) were also used. Cells were
evaluated for their tube-forming potential using our novel in vitro assay system. Cells were
seeded linearly along a 60 uym wide path generated by photolithographic methods. After cells
had established a linear pattern on the substrate, they were transferred onto Matrigel. Late
EPCs formed tubular structures similar to those of HUVECs, whereas early EPCs randomly
migrated and failed to form tubular structures. Moreover, late EPCs participate in tubule
formation with HUVECs. Interestingly, late EPCs in Matrigel migrated toward pre-existing
tubular structures constructed by HUVECs, after which they were incorporated into the
tubules. In contrast, early EPCs promote sprouting of HUVECs from tubular structures. The
phenomena were also observed in the in vivo model. These observations suggest that early
EPCs cause the disorganization of pre-existing vessels, whereas late EPCs constitute and
orchestrate vascular tube formation

© 2007 Elsevier Inc. All nights reserved.

Introduction

In healthy individuals, endothelial cells are rarely found in
the blood. However, mature endothelial cells can be found
in the circulation following detachment from injured
vessels. For example, circulating endothelial cells substan-

tially increase in a wide variety of pathological conditions
associated with profound vascular insult. Therefore, circu-
lating endothelial cells are a useful marker of vascular
damage [1,2]. Endothelial progenitor cells (EPCs), derived
from bone marrow, are also found in the circulation and
are involved in tumor vasculogenesis and wound healing

* Corresponding author. Department of Cellular Physiological Chemistry, Graduate School, Tokyo Medical and Dental University, Japan, 1-
5-45 Yushima, Bunkyo-ku, Tokyo, 113-8549, Japan. Fax: +81 3 5803 0212.
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[3,4]. The discovery of EPCs in human blood has led to a
new paradigm in which vasculogenesis and angiogenesis
occur in adult tissues [S]. These results have suggested a
potential new approach to the treatment of cardiovascular
and ischemic diseases. Preclinical studies have shown that
transplantation of human EPCs to nude mice with hind
limb ischemia improved blood flow recovery and capillary
density resulting in a significant reduction in the rate of
limb loss [5-10]. Clinical trials using autologous EPC
transplantation have already been performed and signifi-
cant improvements have been observed in myocardial
function and ischemic diseases [11-15]. The strict roles of
EPCs in neovascularization are not well understood because
various populations of cells with varying differentiation
potentials were transplanted.

EPCs consist of two different subpopulations, termed
early and late EPCs [16-18]. Although both EPCs are derived
from mononuclear cells (MNC) and express endothelial cell
markers, they have different morphologies and growth
patterns [18,19]. Early EPCs exhibit a spindle-like morphol-
ogy and the majority of them are derived from CD14(+)
subpopulations [16,19-21]. Late EPCs, named after their late
outgrowth potential, exhibit a cobblestone morphology and
are derived from CD14(-) fractions [17,19]. These two
populations have been characterized .for production of
vascular endothelial growth factor (VEGF), VEGF receptor
expression, cytokine secretion, and tube forming activity in
vitro and in vivo [19].

Using photo-catalytic lithography, we have developed a
new cell culturing technology for capillary engineering [22]. In
this approach, endothelial cells are patterned on a substrate
and then transferred to Matrigel. The endothelial cells change
their morphology and form tubular vessels as confirmed by
electron microscopy and dye microinjection. In the present
study, using this novel technology, we focused on the tube-
forming activity of early and late EPCs. In addition, we asked
whether EPCs were incorporated into preexisting tubular
structures.

Materials and methods
Human samples

Human peripheral blood was provided by 7 healthy human
volunteers. Human umbilical cords and cord bloods were
obtained from 12 healthy newborns. Informed consent was
obtained from all donors, and samples were handled accord-
ing to the tenets of the Declaration of Helsinki, with the
approval of university review boards.

Cell isolation

Blood was diluted 1:1 with PBS containing 2 mM EDTA, and
overlayed on Lymphoprep (AXIS-SHIELD, Oslo, Norway). Cells
were centrifuged at 1100xg for 10 min. The resulting mono-
nuclear cells (MNC) were collected and washed three times in
PBS. Human umbilical vein endothelial cells (HUVECs) were
isolated enzymatically.

Cell culture

Isolated MNC were resuspended in endothelial basal medium-
2 (EBM-2) (Clonetics, San Diego, CA) supplemented with the
EGM-2 bullet kit (Clonetics), plated on culture dishes precoated
with human fibronectin (Sigma, Saint Louis, MO), and main-
tained in the medium. To obtain early EPCs from peripheral
blood MNC and cord blood MNC, medium was changed every
2 days, and after 5 to 7 days of culture, early EPCs were
isolated. Late EPCs were obtained from cord blood as
previously described by Gulati et al. [17]. Medium was then
changed daily for 7 days and on alternate days thereafter. The
characteristic colonies of late EPCs were observed under a
phase-contrast microscopy (IMT-2; Olympus Optical, Tokyo,
Japan) and these cells were cloned by colony isolation.
HUVECs were used at passages 1-3.

Cell characterization

Early and late EPCs were seeded onto a chamber slide glass
(Nalge Nunc, Naperville, IL) coated with fibronectin (Sigma)
and fixed in 4% paraform aldehyde (PFA) next day. Immuno-
cytochemistry was performed using PE-conjugated anti-
human CD31 antibody (555446; BD Pharmingen, San Diego,
CA,; diluted 1:50) and primary antibodies against human
VEGFR2, (sc-6251; Santa Cruz Biotechnology, Santa Cruz, CA;
2 pg/ml) or von Willebrand factor (vWF) (M0616; Dako,
Glostrup, Denmark; 1.2 pg/ml), fdllowed with Alexa 488-
conjugated anti-mouse IgG (A-11029; Molecular Probe, Leiden,
Netherlands; 2 pg/ml). Non-immune mouse IgG, (sc-3877;
Santa Cruz; diluted 1:100) was used as a control. Cell nuclei
were stained with 1 pg/ml of To-Pro3 (T3605; Molecular Probe).
Samples were observed and photographed under a laser
confocal microscope (LSM510META; Carl-Zeiss, Jena,
Germany).

Flow cytometric analysis of CD14, CD31, CD45 and VEGFR2
expression in early EPCs and late EPCs

Cells were collected non-enzymatically using Cell Dissociation
Buffer (Invitrogen Corp, San Diego, CA) and labeled with FITC-
conjugated anti-CD45 monoclonal antibody (Beckman Coul-
ter, Marseilles, France), FITC-conjugated anti-CD31 monoclo-
nal antibody (Pharmingen) and anti-VEGFR2 monoclonal
antibody (Santa Cruz Biotechnology) at 4 °C for 30 min. Cells
incubated with anti-VEGFR2 monoclonal antibody were sub-
sequently stained with PE-conjugated anti-mouse IgG anti-
body at 4 °C for 30 min. After washing with PBS containing 1%
BSA, flow cytometric analysis was performed with a FACS
Calibur (Becton-Dickenson, NJ).

Photo-mask preparation

STK-03 titanium dioxide (TiO;) photo-catalyst aqueous dis-
persion (Ishihara Sangyo; Osaka, Japan) was diluted to 33 wt.%
with isopropyl alcohol, stirred for 1 h and filtered using a
3.0 ym pore size polytetrafluoroethylene filter (Advantec,
Tokyo, Japan). Cr-Quartz photo-masks with slit width 60 pm
and slit interval 300 ym were cleaned using a VUM-3184 UV-
ozone washing machine (Oak Manufacturing, Tokyo, Japan) to
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decompose low molecular weight adsorbents on the mask
surface. The mask was coated with the TiO, dispersion by
spin-coating at ~ 700 rpm for 15 s and then baking at 150 °C for
10 min.

Substrate preparation

NA3S polished glass substrates (NH Techno Glass, Yokohama,
Japan) were cleaned using the VUM-3184 for 420 s. Next, 15 g
of heptadecafluorodecyltrimethoxysilane solution (TSL-8233,
GE Toshiba Silicone, Tokyo, Japan), 5.0 g of tetramethoxysilane
solution (TSL-8114; GE Toshiba Silicone), and 2.4 g of 0.005 N
HCI were mixed and stirred for 24 h at room temperature to
make fluoro-zlkyl-silane (FAS) mixture solution. The mixture
was diluted with 1 wt.% 1sopropyl alcohol, stirred for 15 min,
filtered by Chromato-Disc (filter type 0.45 pm; Kurabe) and
then ccated ontc the glass substrate by spin-coating at
~1000 rpm for 15 s. The FAS-coated substrate was then
baked at 150 °C for 10 min.

Surface modification and patterning

Both TiO,-coated photo-masks and FAS-coated substrates
were immersed and sonicated in deionized water for more
than 5 min, and then baked at 120 °C for 5 min. The TiO,-
coated side of the photo-mask was irradiated with UV for
15 min at irradiation energy of ~30 J/cm? to rejuvenate the
photo-catalytic activity of TiO,. The FAS-coated side of the
glass substrate was placed facing and in contact with the TiO;
layer of the photo-mask and UV-irradiated for several minutes
through the mask to form hydrophilic regions on the FAS
layer.

Cell patterning

Prior to cell seeding, glass substrates were placed on cell
culture dishes. The cells were trypsinized and suspended, and
labeled with PKH26 Red (Sigma) according to the manufac-
turer's instructions. Cells were counted, seeded on the
substrates, and incubated for 18 h at 37 °C. A total of 2x10°
cells were seeded per substrate. During incubation, cells in
hydrophobic areas moved to hydrophilic areas.

Transplant to matrigel

The patterned cells on the substrate were turned over onto
Matrigel (Becton Dickinson, Bedford, TX) and incubated with
the culture medium containing 0.2% FBS for 24 h. When the
substrate was removed, the cells were transferred from the
substrate to the Matrigel.

Observation of the tube formation

Firstly, the pattern of cells on Matrigel was observed by a
phase-contrast micrescopy (IMT-2; Clympus Optical). Next,
live cells which formed tubular structures were labeled with
500 ng/ml Calcein-AM (Molecular Probes) for 30 min in 37 °C,
and three-dimensional structures of capillaries were analyzed
by a laser confocal microscope. Furthermore, the engineered
capillaries on Matrigel were fixed with 4% PFA and stained
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with 4 pg/ml of anti-human VE-cadherin rabbit polyclonal
antibody (210-232-c100; ALEXIS, San Diego, CA), followed by
4 pg/ml of Alexa 488-conjugated anti-rabbit IgG (Molecular
Probe). Capillaries were observed by a laser confocal
microscope.

EPC incorporation into tube-like structure

Early and late EPCs were pre-labeled with PKH26 Red, mixed
with unlabeled HUVECS, and seeded on the substrate. Twenty-
four hours after transplant to Matrigel, the cells were labeled
with Calcein-AM, the fluorescence of EPCs and HUVECs were
analyzed by a laser confocal microscope.

To quantify EPC incorporation into tube-like structure,
early and late EPCs were pre-labeled with PKH26 Green. These
cells were mixed with HUVECs which were pre-labeled with
PKHZ6 Red, and cultured on the substrate. The fluorescence of
EPC and HUVECs was analyzed by a fluorescence microscopy
(BZ-8000; Keyence, Osaka, Japan). The incorporation ratio of
EPCs into the tube structure was calculated by the cellular area
of EPC (um?)/mm of tube structure.

In vivo angiogenesis assay

We developed an ear vessel occlusion model for an in vitro
angiogenesis assay. After occlusion of the murine auricular
vessel, cells were introduced into the subcutaneous pocket
below the occlusion point, and newly formed vessels were
analyzed. Twelve hours before the cell injection, the mice
were anesthetized with an intraperitoneal injection of pento-
barbital (50 mg/kg) and auricular vessels were occluded.
Collateral circulation was observed under a stereomicroscope
(LEICA Mz9, Leica Microsystems, Wetzlar, Germany). Early or
late EPCs were labeled with PKH26 and suspended in growth
media, and 5x10° of each EPCs were subcutaneously injected
into the occluded pinna within 12 h of vessel occlusion, Forty-
eight hours after the cell injection, the mice were given 250 g
of Banderiaea simplicifolia lectin 1 (BS1-lectin) (Vector Labora-
tories, Burlingame, CA) intravenously and sacrificed 45 min
later. Sections (4-um thickness) of cell-transplanted pinna
were made for histological observation. This experiment was
performed using 7-week nude mice and all procedures were
carried out with the full approval of the ethical committee of
Tokyo Medical and Dental University.

Calculations and statistical analysis
The statistical significance of differences in the data was

evaluated by use of analysis of Welch's t-test or Student t-test.
A value of P<0.05 was accepted as statistically significant.

Results
Characterization of two types of EPCs

MNC were harvested from human peripheral blood of healthy
individuals or from cord blood and seeded on fibronectin-
coated dishes. Following S to 7 days of cultivation, adherent
cells were observed in clusters. The cells exhibited a spindle-



like shape (Fig. 1A, left) and displayed several endothelial cell
markers including CD31. vWF and VEGFRZ (Fig. 1B, left). When
MNC were isolated from human cord blood, early EPCs were
also observed after 3 days of cultivation. Their morphology
and expression of endothelial markers used here were almost

the same as those of early EPCs deri

(data not shown). They proliferated and thereafter

disappeared over the next 1 week.

A

CD31

CD45

2008) 430441 433

After early EPCs had disappeared, colonies with different
morphology emerged over 12-21 days of cultivation. They
exhibited a cobblestone morphology, spindle-like shape

1A, right) and displayed several endothelial cell markers suc
as CD31, vWF and VEGFR2. Also, eNOS expression was
observed in both early and late EPCs (data not shown). Thus,
these cells were late EPCs as reported by Hur et al. [18]. To

characterize two types of EPCs, we carried out a flow

VEGFR2
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Early EPCs
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Late EPCs

¥ ..
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Fig. 1 - Morphological and immunophenotypical characterization of early and late EPCs. (A) Early EPCs cultured for 7 days and
late EPCs cultured for 14 days. Scale bar=100 um. (B) Immunocytochemistry of CD31, vWF and VEGFR-2 was demonstrated.
Scale bar=20 pm. Shown are representative data from 7 independent experiments using early EPCs isolated from different
peripheral blood and 7 independent experiments using late EPCs isolated from different cord blood with similar results. (C) Flow

cytometric analysis of CD31, CD45 and VEGFR2 expression in early EPCs and late EPCs. Shown are representative data from 5
independent experiments using early EPCs and late EPCs isolated from different cord blood with similar results. Isotype
controls are overlaid in a dot line on each histogram for each surface antigen tested.
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cytometric analysis of CD31, CD45 and VEGFR2 expression in Tubular structures could be constructed by late EPC, but not

early EPCs and late EPCs derived from cord blood (Fig. 1C). by early EPC

Similar to the immunocytochemical staining, the expression

of CD45 in late EPC was weaker than that in early EPCs, while To assess the tube-forming activities of early and late EPCs,
VEGFRZ2 expression in late EPCs was stronger than that in early both cell types were analyzed by a novel method which

EPCs. CD14 expression was observed only in early EPCs (data promoted capillary formation in vitro. Early EPCs, late EPCs

not shown). and HUVECs were distributed linearly on a specific substrate

Fig. 2 - Tube forming activities in early and late EPCs compared with HUVECs. Cells (2x 10°) were seeded on the glass
substrate and cultured for 18 h (A-C, left), then transplanted to Matrigel, Twenty-four hours after transplantation (right),
HUVECs formed tubular structures (A). Early EPCs spread on Matrigel and did not form tubular structures (B). Late EPCs formed

tubular structures (C).
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(Fig. 2, left) and were subsequently transferred to Matrigel arrayed early EPCs did not form tubular structures (Fig. 2B)
(Fig. 2, right). During the transfer of patterned cells to The time course of tube formation in late EPCs was quite
Matrigel, HUVECs changed cellular morphology to form sirmilar to that in HUVECs (Fig. 2C)

capillary-like structures. Twenty-four hours after cell trans- After HUVECs or late EPC were loaded with calcein-AM, the

d and tubular structures were tubular structures were assessed with a laser confoca

fer, the substrate was remov

readily observed by a light 1

minal structure formed by late EPCs w

y HUVECs (Figs. 3A, B). Wt

microscope. The It

late EPCs were stained

Fig. 3 - Three-dimensional images of tubular structures formed by HUVECs and late EPCs. Tubular structures formed by
HUVECs (A) and late EPCs (B) were stained with calcein-AM. The luminal structure was observed with a laser confocal
microscope. Scale bar=20 pm. Immunostaining of HUVEC (C) and late EPCs (D) tubular structures with anti-VE-cadherin. The
localization of VE-cadherin was observed at cell-cell junctions.
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Fig. 4 - Cooperative tube-forming activity of EPCs and HUVECSs. After early or late EPCs were stained with PKH26 Red, EPCs and
HUVECs were mixed and co-cultured on the substrate, and then transplanted to Matrigel. The ratio of EPCs to HUVECs was 1:10.
(A) Tubular structures formed by these EPCs and HUVECs were then labeled with Calcein-AM. Tubular structure constructed
with both early EPCs (yellow) and HUVECs (green). Tubular structures were observed three dimensionally with a laser confocal
microscopy. The early EPCs attached to the tube surface and were not incorporated into the tubular structure formed by
HUVECs. Scale bar=20 pm. (B) Tubular structure constructed with both late EPCs (yellow) and HUVECs (green). The late EPCs
participated in tube formation with HUVECs. Scale bar=20 pm. (C) The incorporation of EPCs into tube structure was calculated
by the area of EPC in the indicated length of tubular structure. Value is the mean and SE (standard error) of 30. “"P<0.01 vs. early
EPCs.



