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ABSTRACT

We� have� characterized� a� population� of� mesenchymal� progenitor� cells� from� adipose� tissue,� termed� processed
lipoaspirate� (PLA)� cells,� which� have� multilineage� potential� similar� to� bone� marrow-derived� mesenchymal� stem
cells� and� are� also� easily� expanded� in� culture.� The� primary� benefit� of� using� adipose� tissue� as� a� source� of� mul-
tilineage� progenitor� cells� is� its� relative� abundance� and� ease� of� procurement.� We� examined� the� infection� of
PLA� cells� with� adenoviral,� oncoretroviral,� and� lentiviral� vectors.� We� demonstrate� that� PLA� cells� can� be� trans-
duced� with� lentiviral� vectors� at� high� efficiency.� PLA� cells� maintain� transgene� expression� after� differentiation
into� adipogenic� and� osteogenic� lineages� after� lentiviral� transduction.� Therefore,� PLA� cells� and� lentiviral� vec-
tors� may� be� an� efficient� combination� for� use� as� a� therapeutic� gene� delivery� vehicle.
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OVERVIEW� SUMMARY

Mesenchymal� progenitor� cells� from� adipose� tissue,� termed
processed� lipoaspirate� (PLA)� cells,� have� multilineage� po-
tential� similar� to� bone� marrow-derived� mesenchymal� stem
cells� and� are� also� easily� expanded� in� culture.� We� examined
the� infection� of� PLA� cells� with� adenoviral,� oncoretroviral,
and� lentiviral� vectors.� We� demonstrate� that� PLA� cells� can
be� transduced� with� lentiviral� vectors� at� high� efficiency� and
maintain� transgene� expression� after� differentiation� into� adi-
pogenic� and� osteogenic� lineages� after� lentiviral� transduc-
tion.� Therefore,� PLA� cells� and� lentiviral� vectors� may� be� an
efficient� combination� for� use� as� a� therapeutic� gene� delivery
vehicle.

INTRODUCTION

GENE THERAPY involves� the� introduction� of� functional� genes
into� the� body.� One� approach� for� introduction� of� a� func-

tional� gene� involves� cells� as� gene� delivery� vehicles.� The� ideal
cell� for� gene� delivery� is� autologous�and� immunoprivileged,�eas-
ily� expanded� in� culture,� and� capable� of� long-term� transgene� ex-

pression.�Human� mesenchymal� stem� cells� (MSCs)� derived� from
bone� marrow� have� been� described� as� an� attractive� cellular� ve-
hicle� for� gene� delivery� applications� because� of� their� capacity
for� multilineage� differentiation� and� ex� vivo culture� expansion
(Friedenstein,� 1990;� Prockop,� 1997;� Pittenger� et� al.,� 1999;�
Caplan,� 2000;� Caplan� and� Bruder,� 2001).� We� have� character-
ized� an� alternative� source� of� mesenchymal� stem� cells� from� adi-
pose� tissue� that� we� term� processed� lipoaspirate� (PLA)� cells.
Less� is� known� regarding� the� properties� of� these� cells� than� about
bone� marrow-derived� MSCs,� but� they� share� the� capacity� to� ex-
pand� in� culture� and� differentiate� along� the� adipogenic,� os-
teogenic,� chondrogenic,� and� myogenic� lineages� (Zuk� et� al.,
2001;� Erickson� et� al.,� 2002;� Mizuno� et� al.,� 2002).� These� cells
can� be� obtained� in� relatively� large� numbers� through� a� standard
clinical� procedure.� In� addition,� the� progenitor� cells� in� adipose
tissue� appear� to� be� present� in� the� PLA� population� at� higher� fre-
quency� than� in� bone� marrow.� Investigation� of� gene� transfer� to
these� cells� is� an� important� first� step� to� assess� the� potential� of
these� cells� as� a� gene� delivery� vehicle.

Oncoretrovirus� and� lentiviral� vectors� are� commonly� used� for
long-term� gene� expression� because� they� can� integrate� their
genes� into� the� host� genome� efficiently.� The� oncoretroviral� vec-
tor� has� been� proposed� as� a� tool� for� gene� transfer� in� MSCs� de-
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rived� from� bone� marrow� (Gordon� et� al.,� 1997;� Hurwitz� et� al.,
1997;� Cherington� et� al.,� 1998;� Marx� et� al.,� 1999;� Mason� et� al.,
2000;� Mosca� et� al.,� 2000;� Bartholomew� et� al.,� 2001;� Lee� et� al.,
2001;� Jiang� et� al.,� 2002),� but� it� has� the� disadvantage� that� it� re-
quires� cell� division� for� efficient� transduction� (Roe� et� al.,� 1993;
Case� et� al.,� 1999).� In� contrast,� the� lentiviral� vector� does� not� re-
quire� cell� division� for� transduction,� and� it� has� been� demon-
strated� to� have� higher� transduction� efficiencies� in� many� tissues
and� cells� in� vivo and� in� vitro (Naldini� et� al.,� 1996;� Miyoshi� et
al.,� 1997).� In� addition,� adenoviral� vectors� can� transduce� a� va-
riety� of� cells� and� tissues� and� high� multiplicity� of� infection
(MOI)� with� adenoviral� vectors� was� reported� to� result� in� inte-
gration� and� long-term� gene� expression� (Harui� et� al.,� 1999).� We
sought� to� investigate� the� efficiency�of� gene� transduction� in� PLA
cells� with� various� vectors.� We� achieved� long-term� transgene
expression� and� stable� transgene� expression� after� differentiation
when� using� lentiviral� vectors.

MATERIALS� AND� METHODS

Isolation� of� PLA� cells� from� adipose� tissue

Adipose� tissue� was� collected� from� three� healthy� human
donors� under� an� institutional� review� board-approved� study
(HSPC� 98-09-007-3).� PLA� cells� were� isolated� by� a� technique
previously� described� (Zuk� et� al.,� 2001).� Briefly,� adipose� tissue
was� washed� with� phosphate-buffered� saline� (PBS)� and� enzy-
matically� digested� at� 37°C� for� 30� min� with� 0.075%� type� IA� col-
lagenase� (C-2674;� Sigma,� St.� Louis,� MO)� in� PBS.� The� digested
adipose� tissue� was� centrifuged� at� 1200 3 g for� 5� min� to� obtain
a� cell� pellet.� The� pellet� was� resuspended� and� passed� through� a
100-mm� pore� size� filter� to� remove� debris.� The� concentration� of
multinucleated� cells� was� determined� with� a� Coulter� Counter
(Beckman� Coulter,� Fullerton,� CA).� Cells� were� plated� at� 5 3 106

nucleated� cells/60� cm2 onto� standard� 100-mm� tissue� culture
dishes.� PLA� cells� were� expanded� in� medium� consisting� of� Dul-
becco’s� modified� Eagle’s� medium� (DMEM)� with� glucose� (4.5
mg/liter)� and� L-Glutamine� (Cellgro;� Mediatech,� Herndon,� VA),
10%� fetal� bovine� serum� (HyClone,� Logan,� UT),� and� 1%� anti-
biotic/antimycotic� (Cellgro;� Mediatech).

Vector� production

Lentiviral� and� retroviral� vectors� were� generated� by� calcium
phosphate-mediated� cotransfection� of� 293T� cells� as� described
previously� (Sambrook� et� al.,� 1998).� For� the� generation� of
lentiviral� vector,� 293T� cells� (2 3 107)� were� transfected� with�
5� mg� of� pHCMVG,� 12.5� mg� of� pCMVdR8.2DVPR,� and� 12.5
mg� of� a� lentivirus� reporter� vector,� pSIN18-Rh-MLV-E� or
pRRL-PGK-EGFP-SIN18� (Zufferey� et� al.,� 1998;� Kung� et� al.,
2000).� For� the� generation� of� oncoretroviral� vector,� 5� mg� of
pHCMVG,� 12.5� mg� of� pSVc–env–MLV,� and� 12.5� mg� of
pSRaL-EGFP� were� used� (An� et� al.,� 1997).� 293T� cells� were� cul-
tured� in� DMEM� with� 10%� calf� serum� (GIBCO-BRL,� Gaithers-
burg,� MD),� penicillin� (100� U/ml),� and� streptomycin� (100
mg/ml).� Supernatants� were� collected� on� days� 2� and� 3� post-
transfection� and� filtered� through� 0.22-mm� pore� size� filters.� The
virus� was� concentrated� 100-fold� by� ultracentrifugation.� Stocks
were� maintained� at� 270°C.

Enhanced� green� fluorescent� protein� (EGFP)� transduction
units� of� all� viral� vectors� were� titrated� on� 293T� cells.� Briefly,
293T� cells� were� infected� with� serial� dilutions� of� each� viral� vec-
tor� for� 2� hr� at� 37°C.� The� infection� with� lentivirus� or� on-
coretrovirus� was� done� in� the� presence� of� Polybrene� (8� mg/ml).
After� incubation� with� the� viral� vector,� the� virus� was� removed
and� fresh� medium� was� added.� EGFP� expression� was� analyzed
3� days� after� infection� by� flow� cytometry.� The� titer� was� calcu-
lated� at� viral� dilutions� showing� EGFP� positivity� of� less� than
10%� to� avoid� multiple� infection� of� cells.� The� titer� (expressed
as� EGFP� transduction� units� per� milliliter)� of� each� virus� is� as
follows:� SIN18-Rh-MLV-E� (VSV-G),� 1.8 3 108;� RRL-PGK-
EGFP-SIN18� (VSV-G),� 1.7 3 108;� SRaL-EGFP� (VSV-G),
1.7 3 106.

Adenoviral� vector� pAdCMVEGFP� is� a� first-generation,� E1-
deleted,� replication-deficient� adenoviral� type� 5� vector.� The� ad-
enoviral� vector� was� prepared� as� previously� reported� and� kindly
provided� by� L.� Wu� (Wu� et� al.,� 2001).

Gene� transduction� of� processed� lipoaspirate� cells�
and� mouse� embryonic� stem� cells

Murine� embryonic� stem� (ES)� cells� were� obtained� from� S.J.
Elledge� (Baylor� College� of� Medicine,� Houston,� TX)� (Liu� et� al.,
2000).� The� murine� ES� cells� were� cultured� in� KO-DMEM
(GIBCO-BRL)� with� 10%� fetal� calf� serum� (GIBCO-BRL),� peni-
cillin� (100� U/ml),� streptomycin� (100� mg/ml),� and� 50� mM 2-mer-
captoethanol.� The� culture� flask� was� coated� with� 0.2%� gelatin
(Sigma).� Irradiated� mouse� fibroblasts�were� used� as� feeder� cells.
Murine� ES� cells� were� trypsinized�on� the� day� of� infection.�Feeder
cells� were� removed� by� adherence� to� culture� flasks� (Falcon;� BD
Biosciences� Discovery� Labware,� Bedford,� MA)� at� 37°C� for�
2� hr.� Murine� ES� cells� (5 3 104)� were� incubated� with� virus� for
2� hr� at� 37°C.� The� virus� was� removed� and� cells� were� washed
once� with� fresh� medium.� The� cells� were� cultured� for� 3� days� and
EGFP� expression� was� analyzed� by� flow� cytometry� after� feeder
cells� were� removed.� Forward� and� side� scatter� of� flow� cytome-
try� analysis� clearly� distinguished�the� feeder� cell� population�from
the� murine� ES� cell� population.�PLA� cells� (1 3 104)� were� seeded
in� each� well� of� a� 24-well� plate� the� day� before� infection.� The
PLA� cells� were� infected� with� oncoretrovirus� or� lentivirus� at� an
MOI� of� 1.4� or� 14.� The� PLA� cells� were� also� infected� with� ade-
noviral� vector� at� MOIs� of� 1,� 10,� or� 100.� The� MOI� is� calculated
by� dividing� the� EGFP� transduction�units� of� each� vector� on� 293T
cells� by� the� number� of� infected� PLA� cells.� EGFP� expression� of
the� infected� cells� was� analyzed� by� flow� cytometry� 3� days� after
infection.

Differentiation� of� processed� lipoaspirate� cells

Adipogenic� differentiation�was� induced� by� culturing� cells� in
adipogenic�medium� (AM)� consisting�of� complete� medium� (CM)
supplemented� with� 0.5� mM isobutylmethylxanthine� (IBMX),� 1
mM dexamethasone,� 10� mM insulin,� and� 200� mM indomethacin
(Green� and� Meuth,� 1974;� Hauner� et� al.,� 1987;� Zuk� et� al.,� 2001)
for� 3� weeks.� Differentiation� was� confirmed� histologically� by
using� oil� red� O� stain� as� an� indicator� of� intracellular� lipid� accu-
mulation� (Preece,� 1972;� Zuk� et� al.,� 2001).� Briefly,� the� cells� were
fixed� for� 60� min� at� room� temperature� in� 4%� formaldehyde–1%
calcium� and� washed� with� 70%� ethanol.� The� cells� were� then� in-
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cubated� in� 2%� (w/v)� oil� red� O� reagent� for� 5� min� at� room� tem-
perature.� Excess� stain� was� removed� by� washing� with� 70%� eth-
anol,� followed� by� several� changes� of� distilled� water.� The� cells
were� counterstained� for� 2� min� with� hematoxylin.

Osteogenic� differentiation� was� induced� after� culturing� cells

in� osteogenic� medium� (OM)� consisting� of� CM� supplemented
with� 0.1� mM dexamethasone,� 50� mM ascorbate� 2-phosphate,
and� 10� mM b-glycerophosphate.� Differentiation�was� confirmed
by� alkaline� phosphatase� (AP)� activity� that� is� upregulated� in� os-
teogenic� tissues� (Jaiswal� et� al.,� 1997;� Pittenger� et� al.,� 1999;� Zuk
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FIG.� 1. Schematic� diagram� of� lentiviral� and� oncoretroviral� constructions.�Both� lentiviral� vectors� have� a� 400-bp� deletion� (,)� in
the� U3� region� of� the� 39 LTR� (Gill� et� al.,� 2001).� SIN18-Rh-MLV-E� has� an� internal� LTR� derived� from� the� ampho-mink� cell� fo-
cus-forming� retrovirus� in� the� serum� of� one� rhesus� macaque� monkey� that� developed� T� cell� lymphoma� after� autologous� transplan-
tation� of� enriched� bone� marrow� stem� cells� transduced� with� a� retrovirus� preparation� containing� replication-competent� virus� (Kung
et� al.,� 2000).� RRL-PGK-EGFP-SIN18� has� a� housekeeping� PGK� promoter� as� an� internal� promoter� (Gill� et� al.,� 2001).� SRaL-EGFP
uses� the� MuLV� LTR� as� promoter.� SIN18-Rh-MLV-E� and� SRaL-EGFP� have� a� partial� MuLV� gag� sequence� that� is� untranslated
(Kung� et� al.,� 2000).� All� vectors� have� EGFP� as� reporter� gene.� The� vectors� are� drawn� to� scale.

TABLE 1. EGFP� EXPRESSION OF PROCESSED LIPOASPIRATE CELLS AND

MURINE EMBRYONIC STEM CELLS TRANSDUCED BY LENTIVIRAL

AND ONCORETROVIRAL VECTORS

Oncoretrovirus Lentivirus

Cell MOIa (SRaL-EGFP) SIN18-Rh-MLV-E RRL-PGK-EGFP-SIN18

PLA� donor� A 14 13.8b 92.6 84.7
01.4 02.4 20.1 26.2

PLA� donor� B 14 18.5 93.8 87.0
PLA� donor� C 14 21.0 89.0 73.0
Mouse� ES — ,0.01c 11.8c

aMOI� was� calculated� by� dividing� the� number� of� EGFP� transduction� units� on� 293T
cells� by� the� number� of� PLA� cells� infected.

bPercentage� of� EGFP1 cells� determined� by� flow� cytometry.
cMOI� of� SIN18-Rh-MLV-E� was� 0.5.� MOI� of� RRL-PGK-EGFP-SIN18� was� 0.6.�

A� representative� experiment� is� shown.



et� al.,� 2001).� To� detect� AP� activity,� cells� were� rinsed� with� PBS
and� stained� with� a� 1%� AP� solution� (1%� naphthol-ASBI� phos-
phate,� fast� red� TR� [1� mg/ml])� at� 37°C� for� 30� min.

The� EGFP� expression� of� differentiated� cells� was� confirmed
by� fluorescence� microscopy.

RESULTS� AND� DISCUSSION

We� examined� different� vectors� for� efficiency� of� transduction
of� PLA� cells.� The� oncoretroviral� vector� utilized� was� a� vesicular
stomatitis� virus� G� envelope� (VSV-G)-pseudotyped�murine� leuke-
mia� virus� (MuLV)� vector,� SRaL-EGFP� (VSV-G);� the� lentiviral
vector� we� used� was� the� VSV-G-pseudotyped� human� immunode-
ficiency� virus� type� 1� (HIV-1)� vector� SIN18-Rh-MLV-E� (VSV-
G)� (Fig.� 1).� EGFP� was� used� as� the� reporter� gene� for� both� vectors.
To� compare� the� transduction� efficiency� of� each� vector� simply� by
EGFP� expression,� we� used� lentiviral� and� oncoretroviral� vectors,
which� have� similar� transcriptional�activity� in� transduced� cells.� We
used� SIN18-Rh-MLV-E� as� a� lentiviral� vector� because� the� pro-

moter� of� SIN18-Rh-MLV-E� was� derived� from� an� oncoretroviral
vector� and� its� transcriptional� activity� is� similar� to� that� of� SRaL-
EGFP� (Kung� et� al.,� 2000).� The� viruses� were� generated� by� cal-
cium� phosphate-mediated�cotransfection�of� 293T� cells� and� titrated
on� 293T� cells� as� described� previously.�We� infected� PLA� cells� de-
rived� from� three� donors� with� both� vectors,� with� the� same� number
of� EGFP� transduction� units.� EGFP� expression� was� analyzed� by
flow� cytometry� 3� days� after� infection.� The� efficiency� of� expres-
sion� of� lentivirus� on� PLA� cells� was� 4-� to� 10-fold� greater� with
lentivirus� than� with� oncoretrovirus�at� the� same� MOI� (Table� 1� and
Fig.� 2).� The� percentage� of� EGFP-positive� cells� at� 1� week� was� not
different� from� the� percentage� of� EGFP-positive� cells� determined
3� days� after� infection� (data� not� shown).� Because� the� same� enve-
lope� protein� was� used� for� both� vectors� and� titrations� were� per-
formed� on� the� same� cell� line,� the� efficiency� of� entry� of� both� vec-
tors� would� be� expected� to� be� similar.� The� requirement� of� the
oncoretroviral� vector� for� cell� division� could� be� the� reason� for� the
apparently� lower� infectivity� of� the� oncoretroviral� vector.� Nuclear
localization� of� the� oncoretrovirus� preintegration� complex� in� PLA
cells� would� not� be� expected� to� be� efficient� because� of� the� slower
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FIG.� 2. EGFP� expression� in� 293T� cells� and� PLA� cells� transduced� by� oncoretroviral� vector� or� lentiviral� vector.� 293T� cells� (2 3
105 cells)� and� PLA� cells� (4 3 104 cells)� were� infected� with� the� same� amount� of� lentiviral� vector� or� oncoretroviral� vector.� Con-
trol� cells� were� treated� by� addition� to� the� medium� of� 8� mg/ml� of� Polybrene.� The� percentage� and� mean� fluorescence� intensity� (MFI)
of� GFP-positive� cells� 72� hr� after� transduction� are� shown.



growth� rate� of� PLA� cells� (population�doubling� time� is� 60� hr)� (Zuk
et� al.,� 2001)� as� compared� with� 293T� cells� used� for� the� titration� of
the� vectors� (doubling� time� is� 24� hr).� Another� lentiviral� vector,� uti-
lizing� an� internal� phosphoglycerate�kinase� (PGK)� promoter� (RRL-
PGK-EGFP-SIN18),� gave� similar� levels� of� EGFP-positive� PLA
cells� (Table� 1).� The� percentage� of� transduced� cells� remained� sta-
ble� over� at� least� 10� cell� generations� (100� days)� (data� not� shown).

Adenoviral� vectors� can� transduce� a� variety� of� tissues� and� cell
types.� They� can� also� infect� nondividing� cells� (Barnett� et� al.,
2002).� Adenoviral� vectors� applied� at� high� MOIs� can� result� in
integration� and� long-term� gene� expression� (Harui� et� al.,� 1999).
We� transduced� PLA� cells� with� a� first-generation,� E1-deleted,
replication-deficient� adenoviral� type� 5� vector� (pAdCMVGFP)
prepared� as� previously� reported� (Tan� et� al.,� 1999;� Miller� et� al.,
2000).� At� MOIs� of� 10� and� 100� we� achieved� transduction� effi-

ciencies� of� 51� and� .99%,� respectively.�However,� we� could� not
perform� studies� subsequent�to� the� differentiation�experiment�be-
cause� transduction� of� PLA� cells� with� the� adenoviral� vector� at
these� high� MOIs� was� cytotoxic� (almost� all� transduced� cells
died),� as� has� been� reported� for� hematopoietic� stem� cells� and
other� cell� types� (Teramoto� et� al.,� 1995;� Zheng� et� al.,� 2000;
Stecher� et� al.,� 2001).� We� also� transduced� cells� with� a� lentivi-
ral� vector� using� the� same� promoter� as� this� adenoviral� vector
(the� cytomegalovirus� [CMV]� promoter).� We� observed� more
than� 90%� EGFP� positivity� at� an� MOI� of� 14� without� apparent
toxicity� (data� not� shown).� Because� the� lentiviral� vector� was� able
to� achieve� high� transduction� efficiencies� without� any� apparent
cytotoxicity,� we� elected� to� use� the� lentiviral� vector� in� all� sub-
sequent� experiments.

Our� goal� was� to� achieve� stable� gene� expression� in� PLA� cells
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FIG.� 3. (A)� Adipogenic� differentiation� of� PLA� cells� confirmed� by� the� presence� of� intracellular� lipid� vesicles� staining� positive
for� oil� red� O.� (B)� EGFP� expression� of� PLA� cells� after� adipogenic� differentiation.� EGFP� was� visualized� by� fluorescence� mi-
croscopy.� (C)� Osteogenic� differentiation� of� PLA� cells� confirmed� by� the� presence� of� positive� alkaline� phosphatase� staining.� Ery-
throcytes� are� positive� for� alkaline� phosphatase� activity.� (D)� EGFP� expression� of� PLA� cells� after� osteogenic� differentiation.�EGFP
was� visualized� by� fluorescence� microscopy.



after� long-term� culture� and� after� differentiation.� It� has� been� re-
ported� that� gene� expression� of� oncoretroviruses� is� silenced� dur-
ing� differentiation� and� development� of� embryonic� stem� cells
and� hematopoietic� stem� cells� (Jaenisch� et� al.,� 1975;� Gautsch,
1980;� Robertson� et� al.,� 1986;� Challita� and� Kohn,� 1994;� Cherry
et� al.,� 2000;� Pannell� et� al.,� 2000).� On� the� other� hand,� there� are
several� reports� that� lentiviral� vectors� are� resistant� to� this� si-
lencing� effect� (Hamaguchi� et� al.,� 2000;� Lois� et� al.,� 2002;� Pfeifer
et� al.,� 2002).� The� lentiviral� vector� SIN18-Rh-MLV-E,� consist-
ing� of� a� modified� internal� MuLV� long� terminal� repeat� (LTR)
in� the� context� of� a� lentiviral� vector,� previously� shown� to� be
highly� efficient� in� transduction� and� gene� expression� in� T� cells
(Kung� et� al.,� 2000),� also� efficiently� transduced�PLA� cells� (Table
1).� However,� because� it� is� a� hybrid� vector,� with� both� lentiviral
and� oncoretroviral� characteristics,� its� transgene� expression
could� be� downregulated� during� differentiation.�Mouse� ES� cells
have� been� used� to� investigate� gene� silencing� because� they� shut
off� transgene� expression� efficiently� (Cherry� et� al.,� 2000;� Ham-
aguchi� et� al.,� 2000;� Pannell� et� al.,� 2000).� We� investigated� the
susceptibility�of� the� lentiviral� vector� to� a� silencing� effect� by� us-
ing� mouse� ES� cells.� We� could� not� detect� any� expression� of
EGFP� in� mouse� ES� cells� infected� with� SIN18-Rh-MLV-E
(VSV-G),� indicating� that� this� lentiviral� vector� is� also� suscepti-
ble� to� a� silencing� effect� (Table� 1).� Because� other� viral� promot-
ers� (e.g.,� the� CMV� promoter)� have� also� been� shown� to� be� si-
lenced� (Loser� et� al.,� 1998;�Gill� et� al.,� 2001),�we� tested� a� different
lentiviral� vector,� RRL-PGK-EGFP-SIN18,� which� utilizes� an� in-
ternal� PGK� promoter� (Zufferey� et� al.,� 1998).� We� found� that
RRL-PGK-EGFP-SIN18� (VSV-G)� showed� high� EGFP� expres-
sion� in� mouse� ES� cells� (Table� 1),� indicating� resistance� to� gene
silencing,� at� least� in� ES� cells.� Although� none� of� the� vectors
tested� was� silenced� in� PLA� cells� and� silencing� is� likely� to� be
different� in� different� cell� types,� we� elected� to� utilize� RRL-PGK-
EGFP-SIN18� (VSV-G)� in� further� experiments� to� assess� trans-
gene� expression� during� differentiation� and� long-term� culture� of
PLA� cells.

We� determined� the� differentiation� of� EGFP-transduced� PLA
cells� and� EGFP� expression� after� differentiation.� We� transduced
PLA� cells� with� RRL-PGK-EGFP-SIN18� (VSV-G)� at� a� high� MOI
such� that� nearly� all� cells� were� infected.� After� initial� transduction
at� an� MOI� of� 50,� 98%� of� PLA� cells� expressed� EGFP.� Transgene
expression� remained� in� more� than� 95%� of� cells� after� 100� days� of
in� vitro culture.� Cells� were� analyzed� for� their� capacity� to� differ-
entiate� along� multiple� lineages,� using� methods� previously� de-
scribed� in� Materials� and� Methods.� Cells� maintained� in� control
medium� were� used� as� negative� controls� for� each� lineage� of� dif-
ferentiation.� We� did� not� observe� any� differentiation� of� the� trans-
duced� cells� without� induction� by� specific� medium.

Adipogenic� differentiation�was� induced� by� culturing� cells� in
adipogenic� medium� for� 3� weeks� (Green� and� Meuth,� 1974;
Hauner� et� al.,� 1987;� Zuk� et� al.,� 2001).� Differentiation�was� con-
firmed� histologically,� using� oil� red� O� stain� as� an� indicator� of
intracellular� lipid� accumulation� (Preece,� 1972;� Zuk� et� al.,� 2001)
(Fig.� 3A).� Approximately� 50%� of� the� cells� incubated� in� adi-
pogenic� medium� contained� intracellular� lipid� vesicles� indica-
tive� of� adipogenesis.� No� PLA� cells� in� control� medium� showed
intracellular� lipid� vesicles� (data� not� shown).� EGFP� expression
in� differentiated� cells� was� confirmed� by� fluorescence� mi-
croscopy� (Fig.� 3B).� A� comparable� percentage� of� these� differ-

entiated� PLA� cells� expressed� EGFP� for� 2� and� 3� weeks� after� dif-
ferentiation� (data� not� shown).

Osteogenic� differentiation� was� induced� after� culturing� cells
in� osteogenic� medium� for� 3� weeks.� Differentiation� was� con-
firmed� histologically� by� alkaline� phosphatase� staining,� which
is� upregulated� in� osteogenic� tissues� (Jaiswal� et� al.,� 1997;� Pit-
tenger� et� al.,� 1999;� Zuk� et� al.,� 2001).� EGFP-transduced� PLA
cells� showed� alkaline� phosphatase� activity� after� culture� in� os-
teogenic� medium� (Fig.� 3C)� but� not� in� control� medium� (data� not
shown).� EGFP� expression� was� maintained� after� osteogenic� dif-
ferentiation� (Fig.� 3D).

To� our� knowledge,� this� is� the� first� published� report� demon-
strating� gene� transfer� into� adipose� tissue-derived� mesenchymal
progenitors� and� maintenance� of� transgene� expression� after� dif-
ferentiation.�We� used� a� lentiviral� vector,� which� takes� advantage
of� a� housekeeping� gene� promoter� that� may� help� to� prevent� the
silencing� effect� seen� with� other� vectors� in� differentiating� cells.
We� observed� maintenance� of� transgene� expression� before� and
after� lineage-specific�differentiation.�Furthermore,� we� observed
transgene� expression� after� long-term� culture.� These� results� sug-
gest� that� PLA� cells� may� represent� an� efficacious� vehicle� for
gene� delivery.� The� clinical� utility� of� PLA� cells� for� gene� ther-
apy� is� enhanced� by� their� ease� of� procurement� from� a� relatively
abundant� source,� adipose� tissue.� One� to� 2� liters� of� adipose� can
be� obtained� by� procedures� such� as� liposuction,� with� minimal
morbidity,� and� yield� hundreds� of� millions� of� PLA� cells.� PLA
cells� can� also� be� easily� expanded� by� culturing.� Finally,� PLA
cells� can� be� obtained� safely� from� adult� donors� and� can� be� used
in� autologous� therapies� without� concern� about� rejection� and� the
need� for� immunosuppression.

ACKNOWLEDGMENTS

This� work� was� funded� in� part� by� the� Wunderman� Family
Foundation,� the� American� Society� for� Aesthetic� Plastic� Surgery,
the� Plastic� Surgery� Educational� Foundation,� and� the� Los� An-
geles� Orthopedic� Hospital� Foundation;� by� NIH� grants� AI39975
and� DK54912;� and� by� the� UCLA� Center� for� AIDS� Research.
Lily� Wu,� M.D.,� Ph.D.,� generously� provided� adenovirus� for� this
experiment.

REFERENCES

AN,� D.S.,� KOYANAGI,� Y.,� ZHAO,� J.Q.,� AKKINA,� R.,� BRISTOL,� G.,
YAMAMOTO,� N.,� ZACK,� J.A.,� and� CHEN,� I.S.� (1997).� High-effi-
ciency� transduction� of� human� lymphoid� progenitor� cells� and� expres-
sion� in� differentiated� T� cells.� J.� Virol.� 71, 1397–1404.

BARNETT,� B.G.,� CREWS,� C.J.,� and� DOUGLAS,� J.T.� (2002).� Tar-
geted� adenoviral� vectors.� Biochim.� Biophys.� Acta� 1575, 1–14.

BARTHOLOMEW,� A.,� PATIL,� S.,� MACKAY,� A.,� NELSON,� M.,
BUYANER,� D.,� HARDY,� W.,� MOSCA,� J.,� STURGEON,� C.,
SIATSKAS,� M.,� MAHMUD,� N.,� FERRER,� K.,� DEANS,� R.,� MOSE-
LEY,� A.,� HOFFMAN,� R.,� and� DEVINE,� S.M.� (2001).� Baboon� mes-
enchymal� stem� cells� can� be� genetically� modified� to� secrete� human
erythropoietin� in� vivo.� Hum.� Gene� Ther.� 12, 1527–1541.

CAPLAN,� A.I.� (2000).� Mesenchymal� stem� cells� and� gene� therapy.� Clin.
Orthop.� 379(Suppl.), S67–S70.

CAPLAN,� A.I.,� and� BRUDER,� S.P.� (2001).� Mesenchymal� stem� cells:

MORIZONO� ET� AL.64



building� blocks� for� molecular� medicine� in� the� 21st� century.� Trends
Mol.� Med.� 7, 259–264.

CASE,� S.S.,� PRICE,� M.A.,� JORDAN,� C.T.,� YU,� X.J.,� WANG,� L.,
BAUER,� G.,� HAAS,� D.L.,� XU,� D.,� STRIPECKE,� R.,� NALDINI,� L.,
KOHN,� D.B.,� and� CROOKS,� G.M.� (1999).� Stable� transduction� of
quiescent� CD341CD38– human� hematopoietic� cells� by� HIV-1-based
lentiviral� vectors.� Proc.� Natl.� Acad.� Sci.� U.S.A.� 96, 2988–2993.

CHALLITA,� P.M.,� and� KOHN,� D.B.� (1994).� Lack� of� expression� from
a� retroviral� vector� after� transduction� of� murine� hematopoietic� stem
cells� is� associated� with� methylation� in� vivo.� Proc.� Natl.� Acad.� Sci.
U.S.A.� 91, 2567–2571.

CHERINGTON,� V.,� CHIANG,� G.G.,� MCGRATH,� C.A.,� GAFFNEY,
A.,� GALANOPOULOS,� T.,� MERRILL,� W.,� BIZINKAUSKAS,
C.B.,� HANSEN,� M.,� SOBOLEWSKI,� J.,� LEVINE,� P.H.,� GREEN-
BERGER,� J.S.,� and� HURWITZ,� D.R.� (1998).� Retroviral� vector-mod-
ified� bone� marrow� stromal� cells� secrete� biologically� active� factor� IX
in� vitro� and� transiently� deliver� therapeutic� levels� of� human� factor� IX
to� the� plasma� of� dogs� after� reinfusion.� Hum.� Gene� Ther.� 9,
1397–1407.

CHERRY,� S.R.,� BINISZKIEWICZ,� D.,� VAN PARIJS,� L.,� BALTI-
MORE,� D.,� and� JAENISCH,� R.� (2000).� Retroviral� expression� in� em-
bryonic� stem� cells� and� hematopoietic� stem� cells.� Mol.� Cell� Biol.� 20,
7419–7426.

ERICKSON,� G.R.,� GIMBLE,� J.M.,� FRANKLIN,� D.M.,� RICE,� H.E.,
AWAD,� H.,� and� GUILAK,� F.� (2002).� Chondrogenic� potential� of� adi-
pose� tissue-derived� stromal� cells� in� vitro� and� in� vivo.� Biochem.� Bio-
phys.� Res.� Commun.� 290, 763–769.

FRIEDENSTEIN,� A.J.� (1990).� Osteogenic� stem� cells� in� the� bone� mar-
row.� In� Bone� and� Mineral� Research.� Heersche,� J.N.M.,� and� Kanis,
J.A.,� eds.� (Elsevier� Science,� San� Diego,� CA)� pp.� 243–272.

GAUTSCH,� J.W.� (1980).� Embryonal� carcinoma� stem� cells� lack� a� func-
tion� required� for� virus� replication.� Nature� 285, 110–112.

GILL,� D.R.,� SMYTH,� S.E.,� GODDARD,� C.A.,� PRINGLE,� I.A.,� HIG-
GINS,� C.F.,� COLLEDGE,� W.H.,� and� HYDE,� S.C.� (2001).� Increased
persistence� of� lung� gene� expression� using� plasmids� containing� the
ubiquitin� C� or� elongation� factor� 1a promoter.� Gene� Ther.� 8,
1539–1546.

GORDON,� E.M.,� SKOTZKO,� M.,� KUNDU,� R.K.,� HAN,� B.,� AN-
DRADES,� J.,� NIMNI,� M.,� ANDERSON,� W.F.,� and� HALL,� F.L.
(1997).� Capture� and� expansion� of� bone� marrow-derived� mesenchy-
mal� progenitor� cells� with� a� transforming� growth� factor-b1–von� Wille-
brand’s� factor� fusion� protein� for� retrovirus-mediated� delivery� of� co-
agulation� factor� IX.� Hum.� Gene� Ther.� 8, 1385–1394.

GREEN,� H.,� and� MEUTH,� M.� (1974).� An� established� pre-adipose� cell
line� and� its� differentiation� in� culture.� Cell� 3, 127–133.

HAMAGUCHI,� I.,� WOODS,� N.B.,� PANAGOPOULOS,� I.,� ANDERS-
SON,� E.,� MIKKOLA,� H.,� FAHLMAN,� C.,� ZUFFEREY,� R.,� CARLS-
SON,� L.,� TRONO,� D.,� and� KARLSSON,� S.� (2000).� Lentivirus� vec-
tor� gene� expression� during� ES� cell-derived� hematopoietic
development� in� vitro.� J.� Virol.� 74, 10778–10784.

HARUI,� A.,� SUZUKI,� S.,� KOCHANEK,� S.,� and� MITANI,� K.� (1999).
Frequency� and� stability� of� chromosomal� integration� of� adenovirus
vectors.� J.� Virol.� 73, 6141–6146.

HAUNER,� H.,� SCHMID,� P.,� and� PFEIFFER,� E.F.� (1987).� Glucocorti-
coids� and� insulin� promote� the� differentiation� of� human� adipocyte� pre-
cursor� cells� into� fat� cells.� J.� Clin.� Endocrinol.� Metab.� 64, 832–835.

HURWITZ,� D.R.,� KIRCHGESSER,� M.,� MERRILL,� W.,
GALANOPOULOS,� T.,� MCGRATH,� C.A.,� EMAMI,� S.,� HANSEN,
M.,� CHERINGTON,� V.,� APPEL,� J.M.,� BIZINKAUSKAS,� C.B.,
BRACKMANN,� H.H.,� LEVINE,� P.H.,� and� GREENBERGER,� J.S.
(1997).� Systemic� delivery� of� human� growth� hormone� or� human� fac-
tor� IX� in� dogs� by� reintroduced� genetically� modified� autologous� bone
marrow� stromal� cells.� Hum.� Gene� Ther.� 8, 137–156.

JAENISCH,� R.,� FAN,� H.,� and� CROKER,� B.� (1975).� Infection� of� preim-
plantation� mouse� embryos� and� of� newborn� mice� with� leukemia� virus:

Tissue� distribution� of� viral� DNA� and� RNA� and� leukemogenesis� in
the� adult� animal.� Proc.� Natl.� Acad.� Sci.� U.S.A.� 72, 4008–4012.

JAISWAL,� N.,� HAYNESWORTH,� S.E.,� CAPLAN,� A.I.,� and
BRUDER,� S.P.� (1997).� Osteogenic� differentiation� of� purified,� cul-
ture-expanded� human� mesenchymal� stem� cells� in� vitro.� J.� Cell.
Biochem.� 64, 295–312.

JIANG,� Y.H.,� JAHAGIRDAR,� B.N.,� REINHARDT,� R.L.,
SCHWARTZ,� R.E.,� KEENE,� C.D.,� ORTIZ-GONZALEZ,� X.R.,
REYES,� M.,� LENVIK,� T.,� LUND,� T.,� BLACKSTAD,� M.,� DU,� J.B.,
ALDRICH,� S.,� LISBERG,� A.,� LOW,� W.C.,� LARGAESPADA,� D.A.,
and� VERFAILLIE,� C.M.� (2002).� Pluripotency� of� mesenchymal� stem
cells� derived� from� adult� marrow.� Nature� 418, 41–49.

KUNG,� S.,� AN,� D.S.,� and� CHEN,� I.S.Y.� (2000).� A� murine� leukemia
virus� LTR� derived� from� rhesus� macaques� in� the� context� of� a� lentivi-
ral� vector� results� in� a� high� level� gene� expression� in� human� T-lym-
phocytes.� J.� Virol.� 74, 3668–3681.

LEE,� K.,� MAJUMDAR,� M.K.,� BUYANER,� D.,� HENDRICKS,� J.K.,
PITTENGER,� M.F.,� and� MOSCA,� J.D.� (2001).� Human� mesenchy-
mal� stem� cells� maintain� transgene� expression� during� expansion� and
differentiation.� Mol.� Ther.� 3, 857–866.

LIU,� Q.,� GUNTUKU,� S.,� CUI,� X.S.,� MATSUOKA,� S.,� CORTEZ,� D.,
TAMAI,� K.,� LUO,� G.,� CARATTINI-RIVERA,� S.,� DEMAYO,� F.,
BRADLEY,� A.,� DONEHOWER,� L.A.,� and� ELLEDGE,� S.J.� (2000).
Chk1� is� an� essential� kinase� that� is� regulated� by� Atr� and� required� for
the� G2/M� DNA� damage� checkpoint.� Genes� Dev.� 14, 1448–1459.

LOIS,� C.,� HONG,� E.J.,� PEASE,� S.,� BROWN,� E.J.,� and� BALTIMORE,
D.� (2002).� Germline� transmission� and� tissue-specific� expression� of
transgenes� delivered� by� lentiviral� vectors.� Science� 295, 868–872.

LOSER,� P.,� JENNINGS,� G.S.,� STRAUSS,� M.,� and� SANDIG,� V.
(1998).� Reactivation� of� the� previously� silenced� cytomegalovirus� ma-
jor� immediate-early� promoter� in� the� mouse� liver:� involvement� of
NFkB.� J.� Virol.� 72, 180–190.

MARX,� J.C.,� ALLAY,� J.A.,� PERSONS,� D.A.,� NOONER,� S.A.,� HAR-
GROVE,� P.W.,� KELLY,� P.F.,� VANIN,� E.F.,� and� HORWITZ,� E.M.
(1999).� High-efficiency� transduction� and� long-term� gene� expression
with� a� murine� stem� cell� retroviral� vector� encoding� the� green� fluo-
rescent� protein� in� human� marrow� stromal� cells.� Hum.� Gene� Ther.� 10,
1163–1173.

MASON,� J.M.,� BREITBART,� A.S.,� BARCIA,� M.,� PORTI,� D.,� PER-
GOLIZZI,� R.G.,� and� GRANDE,� D.A.� (2000).� Cartilage� and� bone� re-
generation� using� gene-enhanced� tissue� engineering.� Clin.� Orthop.
2000,� 369(Suppl.), S171–S178.

MILLER,� P.W.,� SHARMA,� S.,� STOLINA,� M.,� BUTTERFIELD,� L.H.,
LUO,� J.,� LIN,� Y.,� DOHADWALA,� M.,� BATRA,� R.K.,� WU,� L.,
ECONOMOU,� J.S.,� and� DUBINETT,� S.M.� (2000).� Intratumoral� ad-
ministration� of� adenoviral� interleukin� 7� gene-modified� dendritic� cells
augments� specific� antitumor� immunity� and� achieves� tumor� eradica-
tion.� Hum.� Gene� Ther.� 11, 53–65.

MIYOSHI,� H.,� TAKAHASHI,� M.,� GAGE,� F.H.,� and� VERMA,� I.M.
(1997)� Stable� and� efficient� gene� transfer� into� the� retina� using� an�
HIV-based� lentiviral� vector.� Proc.� Natl.� Acad.� Sci.� U.S.A.� 94, 10319–
10323.

MIZUNO,� H.,� ZUK,� P.A.,� ZHU,� M.,� LORENZ,� H.P.,� BENHAIM,� P.,
and� HEDRICK,� M.H.� (2002).� Myogenic� differentiation� by� human
processed� lipoaspirate� cells.� Plast.� Reconstr.� Surg.� 109, 199–209.

MOSCA,� J.D.,� HENDRICKS,� J.K.,� BUYANER,� D.,� DAVIS-SPROUL,
J.,� CHUANG,� L.C.,� MAJUMDAR,� M.K.,� CHOPRA,� R.,� BARRY,
F.,� MURPHY,� M.,� THIEDE,� M.A.,� JUNKER,� U.,� RIGG,� R.J.,
FORESTELL,� S.P.,� BOHNLEIN,� E.,� STORB,� R.,� and� SAND-
MAIER,� B.M.� (2000).� Mesenchymal� stem� cells� as� vehicles� for� gene
delivery.� Clin.� Orthop.� 379(Suppl.), S71–S90.

NALDINI,� L.,� BLOMER,� U.,� GALLAY,� P.,� ORY,� D.,� MULLIGAN,
R.,� GAGE,� F.H.,� VERMA,� I.M.,� and� TRONO,� D.� (1996).� In� vivo
gene� delivery� and� stable� transduction� of� nondividing� cells� by� a
lentiviral� vector.� Science� 272, 263–267.

GENE� DELIVERY� TO� ADIPOSE� STEM� CELLS 65



PANNELL,� D.,� OSBORNE,� C.S.,� YAO,� S.,� SUKONNIK,� T.,
PASCERI,� P.,� KARAISKAKIS,� A.,� OKANO,� M.,� LI,� E.,� LIPSHITZ,
H.D.,� and� ELLIS,� J.� (2000).� Retrovirus� vector� silencing� is� de� novo
methylase� independent� and� marked� by� a� repressive� histone� code.
EMBO� J.� 19, 5884–5894.

PFEIFER,� A.,� IKAWA,� M.,� DAYN,� Y.,� and� VERMA,� I.M.� (2002).
Transgenesis� by� lentiviral� vectors:� Lack� of� gene� silencing� in� mam-
malian� embryonic� stem� cells� and� preimplantation� embryos.� Proc.
Natl.� Acad.� Sci.� U.S.A.� 99, 2140–2145.

PITTENGER,� M.F.,� MACKAY,� A.M.,� BECK,� S.C.,� JAISWAL,� R.K.,
DOUGLAS,� R.,� MOSCA,� J.D.,� MOORMAN,� M.A.,� SIMONETTI,
D.W.,� CRAIG,� S.,� and� MARSHAK,� D.R.� (1999).� Multilineage� po-
tential� of� adult� human� mesenchymal� stem� cells.� Science� 284,
143–147.

PREECE,� A.� (1972).� A� Manual� for� Histologic� Technicians.� (Little,
Brown,� Boston,� MA).

PROCKOP,� D.J.� (1997).� Marrow� stromal� cells� as� stem� cells� for� non-
hematopoietic� tissues.� Science� 276, 71–74.

ROBERTSON,� E.,� BRADLEY,� A.,� KUEHN,� M.,� and� EVANS,� M.
(1986).� Germ-line� transmission� of� genes� introduced� into� cultured
pluripotential� cells� by� retroviral� vector.� Nature� 323, 445–448.

ROE,� T.,� REYNOLDS,� T.C.,� YU,� G.,� and� BROWN,� P.O.� (1993).� In-
tegration� of� murine� leukemia� virus� DNA� depends� on� mitosis.� EMBO
J.� 12, 2099–2108.

SAMBROOK,� J.,� FRITSCH,� E.F.,� and� MANIATIS,� T.� (1998).� Molec-
ular� Cloning:� A� Laboratory� Manual.� (Cold� Spring� Harbor� Labora-
tory� Press,� Cold� Spring� Harbor,� NY).

STECHER,� H.,� SHAYAKHMETOV,� D.M.,� STAMATOYANNO-
POULOS,� G.,� and� LIEBER,� A.� (2001).� A� capsid-modified� adenovi-
rus� vector� devoid� of� all� viral� genes:� Assessment� of� transduction� and
toxicity� in� human� hematopoietic� cells.� Mol.� Ther.� 4, 36–44.

TAN,� B.T.,� WU,� L.,� and� BERK,� A.J.� (1999).� An� adenovirus–Epstein-
Barr� virus� hybrid� vector� that� stably� transforms� cultured� cells� with
high� efficiency.� J.� Virol.� 73, 7582–7589.

TERAMOTO,� S.,� JOHNSON,� L.G.,� HUANG,� W.,� LEIGH,� M.W.,� and
BOUCHER,� R.C.� (1995).� Effect� of� adenoviral� vector� infection� on
cell� proliferation� in� cultured� primary� human� airway� epithelial� cells.
Hum.� Gene� Ther.� 6, 1045–1053.

WU,� L.,� MATHERLY,� J.,� SMALLWOOD,� A.,� ADAMS,� J.Y.,� BIL-
LICK,� E.,� BELLDEGRUN,� A.,� and� CAREY,� M.� (2001).� Chimeric
PSA� enhancers� exhibit� augmented� activity� in� prostate� cancer� gene
therapy� vectors.� Gene� Ther.� 8, 1416–1426.

ZHENG,� C.,� GOLDSMITH,� C.M.,� O’CONNELL,� B.C.,� and� BAUM,
B.J.� (2000).� Adenoviral� vector� cytotoxicity� depends� in� part� on� the
transgene� encoded.� Biochem.� Biophys.� Res.� Commun.� 274, 767–771.

ZUFFEREY,� R.,� DULL,� T.,� MANDEL,� R.J.,� BUKOVSKY,� A.,
QUIROZ,� D.,� NALDINI,� L.,� and� TRONO,� D.� (1998).� Self-inacti-
vating� lentivirus� vector� for� safe� and� efficient� in� vivo� gene� delivery.
J.� Virol.� 72, 9873–9880.

ZUK,� P.A.,� ZHU,� M.,� MIZUNO,� H.,� HUANG,� J.,� FUTRELL,� J.W.,
KATZ,� A.J.,� BENHAIM,� P.,� LORENZ,� H.P.,� and� HEDRICK,� M.H.
(2001).� Multilineage� cells� from� human� adipose� tissue:� Implications
for� cell-based� therapies.� Tissue� Eng.� 7, 211–228.

Address� reprint� requests� to:
Dr.� Irvin� S.Y.� Chen

UCLA� AIDS� Institute
10833� Le� Conte� Avenue
11-934� Factor� Building
Los� Angeles,� CA� 90095

E-mail: syuchen@mednet.ucla.edu

Received� for� publication� July� 11,� 2002;� accepted� after� revision
November� 28,� 2002.

Published� online:� December� 27,� 2002.

MORIZONO� ET� AL.66



!"#$%&'(#)*+%"&$%,++-%)#(+.%,/0

!" #$%&''() *+,-&'./) 0'1&) 2(3(4-&$(4/) 5%36(4) *&%%(47&''/) #87+'() 9(''(4-8:6,(4/) ;(<8'&) =+<,&$(4/
>&4381') ?48('%@('/)9&'%AB648%3+C6)D$-&/) B648%38&')?&-48(,/)9(8'E) ;(F,") GHHI") J&-(,,8'<) +K) 6$7&'
&F8C+%(AF(48@(F) %3(7) :(,,%) K+4) '+'A8'@&%8@() 8') @8@+) :(,,) 34&:.8'<") !"##$ %&'$ ()**+"$ ,%&-)&.) 1LM/) !NM"
OB4+%%;(KP

G" J(8)J(8/)*(8>8'<)J8&+/)2$Q8)#6('</)>8'<)R$/)08#6&')9(/)?&'<)9$&'<")GHHI")S8+,+<8:&,):6&4&:3(4)+K
6$7&')&F8C+%(AF(48@(F)&F$,3)%3(7):(,,%)&'F)8'K,$(':()+K)F+'+4)&<()+'):(,,)4(C,8:&38+')8'):$,3$4(")/0)"&0"
)&$!1)&%$/"2)"*$!$3)4"$/0)"&0"*)23LM/)MGH")OB4+%%;(KP

M" S8'<+'<)J8/)T8$3&'<) U('</)9+'<V8&'<)*&'</) #68W8'<) #6&+/) X8&+-+)>&+/) R('<) U6&'</) #6$<$+)J8/
U6&'<Y8&'<)?$+")GHHI")0F8C+%()38%%$()%34+7&,):(,,%)34&'%C,&'3&38+')8')4&3%)+K)&:$3()7W+:&4F8&,)8'K&4:38+'"
!525&%26$728"26$9)*"%*")41LM/)GG!")OB4+%%;(KP

Z" D4")984+&.8)>8E$.&78)/)[$')>87$4+)/)\%$W+%68)]<$4&)/)\&.&%68)].&F&)/)>&%&%68)^4&-()/)0.8684+)_$7(
/)Q+8:68)#&.&3&) /)_(8W&)]E&`&)")GHHN")0F8C+%()\8%%$()&%)&)a+@(,)\&4<(3)K+4)b')=8@+)?('()\4&'%K(4)-W
0F('+A0%%+:8&3(F)=84&,)=(:3+4%"):+;%&$<"&"$(1"2%=6)45Lc/)cG!AcGd")O0-%34&:3P)O2DRP)O2DR)2,$%P

e" S+)U6('<)/)S&+6+'<)B&+)/)?$&'<6('<)J8)/)[+6''W)9$&4F)")GHHN")>+$%()0F8C+%(AD(48@(F)#3(7)B(,,%
^'F(4<+)>$,38,8'(&<()D8KK(4('38&38+')8')=834+)-$3)2487&48,W)]%3(+<('8:)&'F)B6+'F4+<('8:)D8KK(4('38&38+'
8')=8@+)")()**+"$>&.)&""2)&.)46LI/)!dc!A!cH!")O0-%34&:3P)O2DRP)O2DR)2,$%P

N" J8F+'<)?$&'/)J8)#6&+Y8'</)Q$'K&'<)*&'</)9$878')Q$(/)D&Y8'<)J8$/)J81$&')9(/)B8V8&')S&8/)R&'<)Q&'/
X$()a&'/)#6$&'<%6$&'<)#68")GHHN")b')@834+)F8KK(4('38&38+')+K)6$7&')&F8C+%(AF(48@(F)7(%(':6W7&,)%3(7
:(,,%)8'3+)('F+36(,8&,A,8.():(,,%")!1)&"*"$/0)"&0"$,+##"8)&)24L!e/)!dNM")OB4+%%;(KP

I" S4(33)2(3(4%+')/)[(KK4(W)U6&'<)/);+-(43+)b<,(%8&%)/)>8:6&(,)_&-+)/)>&4:)9(F48:.)/)24+%C(4)S('6&87)/)[&W);"
J8(-(47&')")GHHe")9(&,8'<)+K)B4838:&,,W)#8E(F)R(7+4&,)D(K(:3%/)^%8'<)?('(38:&,,W)>+F8K8(F)>(%(':6W7&,
#3(7)B(,,%)K4+7)9$7&')0F8C+%()\8%%$(")()**+"$>&.)&""2)&.)44L!AG/)!GHA!Gc")O0-%34&:3P)O2DRP)O2DR
2,$%P

d" S('(F8:3() 2$8%%&'3/) B+48''() S&44(&$/) 268,8CC() S+$48'/) BW48,) B,&@(,/) [8,,) B+44(/) B648%38'() S+$%Y$(3/
B648%38'()\&$4(&$/)S(&348:()B+$%8'/)>8:6(,)0--&,/)2&348:.)J&6&44&<$(")GHHe")b77$'+7+F$,&3+4W)(KK(:3
+K)6$7&')&F8C+%()38%%$(AF(48@(F)&F$,3)%3(7):(,,%L):+7C&48%+')`836)-+'()7&44+`)7(%(':6W7&,)%3(7):(,,%"
,2)8)*1$?5+2&%#$54$:%";%85#5.6)467L!/)!!d")OB4+%%;(KP

c" X$F+'<)J8/)[8')J((/)?&4W)S&,8&'/)D")?4(<)0'F(4%+'")GHHe")>+F$,&38+')+K)B6+'F4+:W38:)24+C(438(%)+K
R&3AD(48@(F)>(%(':6W7&,)B(,,%)8')B+AB$,3$4(%)`836)a$:,($%)2$,C+%$%")!5&&"08)@"$()**+"$A"*"%201)89LG/
Ie")OB4+%%;(KP

!H" [(KK4(W)>)?87-,(")GHHM")0F8C+%()38%%$(AF(48@(F)36(4&C($38:%")>B="28$C=)&)5&$5&$,)5#5.)0%#$(1"2%=6):Le/
IHe")OB4+%%;(KP

!!" [$,8()0)[&F,+`8(:/)0W%()S)B(,8,/)[(KK4(W)])9+,,8'<(4")GHHM")S+'()38%%$()('<8'((48'<L4(:('3)&F@&':(%)&'F
C4+78%8'<)36(4&C($38:)&<('3%")>B="28$C=)&)5&$5&$,)5#5.)0%#$(1"2%=6):LM/)ZHc")OB4+%%;(KP


