
USE OF A PCV2 IMMUNOGENIC COMPOSITION FOR LESSENING
CLINICAL SYMPTOMS IN PiGS SEQUENCE LISTING This
application contains a sequence listing in paper
format and in computer readable format, the teachings
and content of which are hereby incorporated by
reference. BACKGROUND OFTHE INVENTION Field of the
Invention The present invention relates to the use o f
an immunogenic composition comprising a porcine
circvints type 2 (PCV2) antigen for treatment of
several clinical manifestations (diseases).
Preferably, those clinical manifestations are
associated with a PCV2 infection. More particularly,
the present invention is concerned with an
immunological composition effective for providing 3ii
imppme response that reduces, or lessens the severity,
of the clinical symptoms associated with PCV2
infection. Preferably, the immunological composition
comprises a recombinant!)- produced antigen o f PCV2.
More preferably, the PCV2 antigen is a recombinant!)'
produced protein encoded by one o f the open reading
frames (ORFs) in the PCV2 genome. Still more
preferably, the antigen is PCV2 ORF2 protein. Most
particularly. Ae present invention is concerned with
an immunological composition effective for treatment o
f clinical sypmtms associated with PCV2 infections in
swine receiving {he immunological composition and
wherein the composition comprises the prolan expressed
by ORF2 of PCV2. Another aspect of the present
invention is the use of any of the compositions
provided herewith as a med icament preferably as a
veterinary medicament, even more preferably as a
vaccine. Moreover the present invention also relates
to the use of any of the compositions described
herein, for the preparation o f a medicamentfor
reducing or lessening the severity of clinical
symptoms associated with PCV2 infection. Preferably
the medicament is for the invention of a PCV2
infection, even more preferably in swine. A further
aspect of the present invention relates So a process
for the production of a medicament, comprising an
immunogenic composition of PCV2 for the treatment of
several clinical manifestations. Description of the
Prior Art Porcine circovir us type 2 (PCV2j is a small
(17 -22 rim in diameter), icosahedral, non-enveloped
DMA virus which contains a single-stranded circular
genome. PCV2 shares approximately 80% sequence
identity with porcine circovirus type S. (PCVI).
However in. contrast with PCVK which is generally
non-virulent, swine infecied with PCV2 exhibit a
syndrome commonly referred to as Post-weaning
Muitisysteinic Wasting Syndrome (PMWS). PMWS is
clinically characterized by wasting, paleness of the
skin, anth.iiftj.ness, respiratory distress, diarrhea
icterus and jaundice. In some affected swine a
combination of all symptoms will be apparent while
other affected swine will only have one or two of
these symptoms. During necropsy, microscopic and
macroscopic lesions also appear on multiple tissues
and organs with lymphoid organs being the most common
sue for lesions. A strong correlation has been
observed between the amount of PCV2 nucleic acid or
antigen and the severity of microscopic lymphoid
lesions. Mortality rates for swine infected with PCV2
can approach 80%. In addition to PMWS. PCV2 has been
associated with several other infections including
pseudorabics. porcine reproductive and respiratory
syndrome <PRRS). Glasser s disease, streptococcal
meningitis, salmonellosis, postwening coiibacillosis, 



dietetic hepatosis, and suppurative bronchopneumonia.
However, research thus far has not confirmed whether
any of these clinical symptoms ate in fact, the direct
result of a PCV2infection Moreover u ss not \et knoun
whether an\ of these cluneal s\ mpioms can be dXecmeh
reduced or cured In an acuvc agent duected agamst PCV2
Cw tent appioaches to treat PCV2 infections include
DW-ba^ed vaccines such as thobc described in I S
Patent l o 6 7"^ 02^ iio"e\ei bitch uieu pcs kne beui
nieffcctiw s t confciiing pioleciivt, innnunits
against PCV 2 infection ot reducing lessening tin.
se\erm of or cui ing am chmcai symptoms associated
therewith Moremci >aecnie<- (icsuibed in the prsoi ml
"ei<, focused soclv on the pit'\enUon of PCX 2
infections m S\MIKbtit did not consider an\ fiitthcr
incdtea! os". Lccoid piglv what & needed m the art is
an immunogenic composilioii foi the tteatmcCT of
scleral chmcal manifesiations Fimliet what JS needed
in \hc ait & an immunological composition which
contets protcetne immuiitn agaiswi PCV 2 tofecnoo but
\\ hid) can also be used to tieat existing cimieai s v
mptoms associated L\ nil PCV2 infection DISCL OSU RE
OF THE INV EN TION The present m\enUo" o^eicomcs the
problems inherent m (he prior ait and provides a
distinct advance in the state of the art The present
iinention piovidcs a racdicinal use(">) of immunogenic
composition^) comp psmg PCV2 antigen In general no
ad^eisc events or mjecttoti site reactions ncic noted
for an\ oi the PCV2 antigen immunogenic oomposiuons as
used herein  hus the immunogenic compositions used
herein appear to be safe when administered to voting
pigs prefesabh to pigs, not oldei than H weeks of age
more piefetabh not oidei than i>weeks of age c\en more
preferabh not older tliai ^ weeks most prefcrabh not
oldei than 2 weeks LJtematt\eh it is psefened that the
admmistiation of the immunogenic compositions of the
present invention occur within at feast 2 and prefer
abh within at lcaM "*LKccks of c \ mos>urc to ^
\iniluit PCV According to a futthcr embodiment the
immunogenic compositions usedherein for am medicina
lse described herein, is, adtnmslered to pigs, of 3
weeks o f age or older piefeiabh of 2 weeks, of age oi
older. mo&t ptcfciabiv but not older than 15 weeks of
age I ' nexpeetcdh, it was found that the theiapciftte
use of the immunogenic compositions described below is
effective for lessening the sc>ep t\ of unions
*ciimcal sMtimtoras in swum In particular, it was
disccncicd that the tliciapcutic UAC o f the
immunogenic compositions o f (he p re s.cn !
lmentioii, diid speufita h Vnmposj&oiis comptibing
PCV2 ORF2 antig n ts> e ( ccu\c for redu-cnig or
lessening h mphadcnopaths Kmphoid depletion audot
inuitinuckated/gi ani histiocytes m sp me iiifeclcd
with PCV2 \foico\ei {he thc apcul ic use of an
antigenic composition, as praxided heicwjth <md thai
comprises PC\ 2 antigen prcf erabh ORF2 antigen
reduces the overall citcmitus load and its
tmmunosupprc^n c impact jlierctn tesulting m a higher
level of genera! disease icsisjancc and a (educed
incidence of POV-2 associated diseases and s %mptoms
Huis one asjKct of the pte^cni nnctitioo relates to
she use of an immunogenic composition comprising POV2
antigen prefesabh recombinant PCV2 antigen and nioic
prcfcrabh PC\ r2 ORF2 protein as pio\idcd herewith for
the preparation of a medicament foi the prevention
lessening <m  or reduction o f h tnphadenopaUix .
hraphotd depletion and'Or nniltinuclcated giant
histioc y tes m swmc Frefeiabh, said medicament is
cffcctne for the prexention, lessening and/or
reduction of h itiphadcnopath} hmphoid depletion and
or 



tnultmucJcatcdgtanl hssUocx tes, associated wtth PCV2
infections, in swine SuH more piefeiabh &<pd
mcdicarncnt is. ciTccti\c for the prevention lessemng
and or reditction o f i\ inphadenopatln , hmphoid
depiction and/or mulUpuclealed/giant hist ioe>tes>
associated with PCV2 mfecuons m pigs when administered
to pigs not oSdes than J5 weeks of age mote picferabh
not older than t > weeks of see, e\en more prefcrabK
not older than 3 L\ecks mid most piefciabh uot oldei
than 2 \\eeks. Aite"iati\eh, it is prefe ped that
tlieadministrati on the immunogenic compositions of
the present indention oca" witht p at least 2 and
piefcrabh williin al least 3 weeks, of exposure to \
uulenl PCV Anothei aspect of the present intention
relates Io a method fot the Ueatmcnt o f i
mpruidcpopalhv lymphoid depiction and/or
muHinucJe<itcd''giant histiocytes in swipc computing
the administration o f an immunogenic composition as
prm idcd herewith to a pig said immunogenic
composition comprising a PC\'2 antigen preferabK a
icc-omfamant PCV2 antigen and pioieptcfciabh PCV2 0RF2
protein In \ct anotlk i aspect the present np ention
pio clcs  inelliod fot the Ueatmcm of
Isniphadeiiopathv Kmphoid depletion and/ot
mtiitiiHJcicatvd gtsnt histto-c\{cs. associated with a
PC\ '2 mlccUon in swine compmmg the adnjtnistruon of
an unituiuogenic composition as pio\idtd hctewith JO i
pig sstd imtnunogcmc composition comptissiig a PC\ 2
amigen prefeiabh a recombinant PC'V2 antigen and mote
picfcrabh PCV2 ORF2 protein Prcfcrablv said ticatmcnt
iesidts m the lessening reduction pic\cntton and/oi
case of the h inpbsdeiiopatln hmphoid dcpJeJion and'Or
multimiclcated giant bisitool es in swtoe fccesuog
said immunogenic composition Lccoidmg to a furthej
aspect, said methods foi ticatiwent litnhci comprise
the admmisu ation of said jmtniaiogentc composition to
pigs not older than 15 weeks of age more picierabi\
not older than 6 weeks of age c\en more piefcrabh not
older than 3 weeks and most psefciabh "of oldei than 2
weeks AJtewaUxeh it is preferred {hat the
administration of the immunogenic compositions of the
present (m ention occur within at least 2 and
prcferabK wnhuiat least 3 weeks of exposure toMntlent
PCV It was fimhei discovered that the therapa sUe itse
of an immunogenic compowlion composing PC\'2 antigen,
prcfeiabh a rcconunant PCV2 antigen and most
preiereabh PCV2 ORI 2 psotesn as pjoudcd herewith can
seduce oi lessen hmphade-nopaths m combination with
one oi a multiple of the follow ing sv niptonis in
affected swine (1) interstitiai pnetunonis with
mieilobulsi edewa (2) cutaneous pallet or icteins (3)
mottledatrophic In ess, (-4) gastnc ulcers (?)
nephritis and ((A seprodu an e disordeis, c g abortion
stillbirt hs mummies etc Thus one aspect o f the
present invention relates, to the use o f an
immunogenic composition c-oinpti&ing PCV2 antigen,
prefctabh a recombinant PCV2 antigen and more
prcfetablv PCV2 ORF2 ptoicm as provided herewith foi
the prepaiation of a medicament fot the prevention
lessening and'Or icdu aion of h niphadcnopathv in
combination with one or a multiple of the following
symptoms m pigs ( 1 >intcisliUal pneumonia with mte:
lobular edema, (2) cutaneous pallor or tctcras 0 )
mottled ati opine hveis. (4) gasttie uleers p >
nephutis and (6) icpi qduct i\ c disordos, e g
abortion stillbirths mummies, etc , m pigs Picferablv
said medicament is effect i\ c foi the prevention,
lessening and/ot reduction of h mphadenopatln in
combination with one or a multiple of the folSousng
symptoms associated with PCV2 infection in pigs (1)
interstitial pneumonia with interlobular edem<i (2)
cutsiieou*; ps Jor or ictcras (3i mottled atropine
lncrs (4~\ gastric aleeis (^ >ncph pts and ((L
rcpioduct p c diwtder^ e g abortion ^tillbmks mummies
etc Arcoidmg to a 



further aspect said medicament is effective for the
ptcvention, lessening and'Or reduottoti of h
mphadcnopath> m combination with one or a multiple of
the following sj nipioms m pigs (1) mtersnnal
pneumonia with mtei lobular edema (2) cutaneous pallor
or icterus f" 5) mottled atrophic In ers {4) gast  c
ideas ( ^ ncplirttts and (6) reprodtictne disoideis e
g abortion stillbirths mummies, etc , m pigs when
administered to pigs, not oides than 15 weeks of age
more ptefeiabh not older than <> weeks of age, e\en
snore prefesabh not oldei than 3 weeks, and most prefe
pibh not older than 2 \secK& Ltematn ei\ . t is
preferred that the idinmis.tiation of the immunogenic
compositions o f the present invention occtn within at
least 2 and p sefcrabh wtllpn at least 3 weeks of
e\pos iire to \ ti ulent PC Y Moreover, the picseni
mvcnuon also ielatcs to a method fot the treatment o f
l\ mphadcuop ailiv in combination with one oi a
multiple of the following symptoms, in pigsO)
interstitial pneumonia with interlobular edema, (2)
cutaneous pallor or icterus. (3) mottled atrophic
livers. (4) gastric ulcers . (5) nephritis and {6}
reproductive disorders, e.g. abortion. stillbirths,
mummies etc. said method comprising the administration
of an immunogenic composition comprising PCV2 antigen,
preferably a recombinant: PCV2 antigen, and more
preferably PCV2 OR.F2 protein as provided herewith.
Preferably, the present invention also relates to a
method for the treatment of iyniphadenopathy in
combination with one or a multiple of he following
symptoms associated with PCV2 infection in pigs: (1)
interstitial pneumonia wish interlobular edema, (2)
cutaneous pallor or icterus (3) mottled atrophic
livers. (4) gastric ulcers. (51 nephritis and {<>)
reproductive disorders, e.g. abortion, stillbirths.
mummies etc., said method comprising {he
administration of an immunogenic composition
comprising PCV2 antigen prefereably recombinant PCV2
antigen and more preferably PCV2 0R.F2 protein as
provided herewith, to a pig. Preferably, said
treatment results in the lessening or reduction of the
lymphadenopathy, and one or multiple of the following
symptoms associated wish PCV2 infection in pigs: Cl)
interstitial pneumonia with interlobular edema. (2)
cutaneous pallor or icterus. {3} mottled atrophic
livers. (4) gastric ulcers . (5) nephritis and (6)
reproductive disorders, e.g. abortion, stillbirths
mummies etc. According to a further aspect, said
methods for treatment further comprise administration
of the immunogenic composition comprising PCV2
antigen, preferably recombinant PCV2 antigen and snore
preferably PCV2 ORF2 protein, as provided herein, to
pigs not older than 15 weeks of age, more preferably
not older than 6 weeks of age. even more preferably
not older than 3 weeks, and most preferably not older
than 2 weeks Alternatively, it is preferred that the
administration of the immunogenic- compositions of the
present invention occur within at least 2 and
preferably within at least 3 weeks of exposure to
virulent PC:V. It was also unexpectedly found that the
therapeutic use of an immunogenic composition
comprising PCV antigen, preferably recombinant PCV2
antigen and moieprcierabh PCV2 OR.P2 ptotem as prov
ided heicwnh can aho reduce or lessen Pta  ikc lesions
notmaih known to be associated with Law soma
mtraccllula ps inj ections (Ileitis) Thus one aspect o
f the present imcniion relates, to tlic use o f an
immunogenic t (imposition comprising PCV2 antigen
prtfeidbh itcoinbinanl PCL 2 antigen and more
preferabK PCL 2 ORF2 piotcm as pro\ ided herewith fbt
the ptepaiatton of a medicament for the piocntton
lessening tlic <,e\cpt\ ofandot icd actton o ! Pia
like lestons iiotinslh known (o K, d^sociaicd with
Law^oma intiaccihilaiis infections in wuic According
(o a finlher js>pt,ci said medicament is Uftxihc fot
the pic\cniion lessening of the ^e\citt\ of an ot
iedu^tion o f Pia liie lesions normaih known to be
a^o*, iatcd with Law soma intraceiiulans 



lufca ions when adnjimstc cd to pigs not oido jlisn
1*> weeks of age mote prefeiabh not oldci than 6 weeks
of sgc e\en more pfcferabh not older than 3 weeks and
most prdcrnbh not older than 2 weeks \ltcinau\ch it
li. preferred thai the admimstrauon of the immunogenic
compositions of the ptescut im entjon occiu within at
least 2 and prefcrabh within at least ^ weeks of
exposure Io LsruSent VC \ Moreover the present
inventio nho relates to a method for the treatment of
Pta iikc iesiom noinwih known Io be d^ooiaied nith Law
soma mtuk e!iu!dp "> mfeuions said method L-ompitsing
the admiiustratiosi of an immiisiogenit composition
ctwnpming P C \ 2 antigen picicrabh iccombinant PCV2
antigen and snore preferabh PCV 2 ORF2 piotcm as
proMdcd hetein Io <i pig Pidenibh wn treatment iesuUs
m the Jesscnuig or seduction of the Pta like lesions
itopnalK known to be associated vuth Law soma muacel
luJaris infections Lccoidmg to a forlhci aspect the
methods for treatment dcscpbcd atxnc further comprise
the administration of the muntinogc pic composition
comprising PC\ 2 antigen ptefeiabh recombsant PCV2
anugcn and mote prefetabb PC\ 2 ORI 2 protcm as
psosided heron to pigs not older than H weeks of age
more ptUeiabh not oldei than 6 g\ccks of age even more
micierabl\ not older tlian > v\ceks and most prefci
abh not older than 2 weeksAlternatively, it is
preferred that the administration of the immunogenic
compositions of the present invention occur within at
least 2 and preferably within at least 3 weeks of
exposure to virulent PCV. The immunogenic composition
The immunogenic composition as used herein is
effective for inducing an immune response against PCV2
and prexenting, reducing and/or lessening the sexerity
of the clinical symptoms associated with PCV2
infection. The composition generally comprises at
ieast one PCV2 antigen. Unless defined otherwise, ail
technical and scientific terms used herein have the
same meanings as common!) understood by one of
ordinary skill in She art to which this invention
belongs. The terns "immunogenic composition" as used
herein refers to any pharmaceutical composition
containing a PCV2 antigen which composition can be
used to prevent or treat a PCV2 infection-associated
disease or condition in a subject. A preferred
immunogenic composition can induce stimulate or
enhance the immune response against PCV2. The term
thus encompasses both summit immunogenic compositions,
as described below as well as compositions containing
whole killed or attenuated and/or inactivated PCV2.
The term "sidnmit immunogenic composition" as used
herein refers to a composition containing at least one
immunogenic polypeptide or antigen, but not all
antigens, derived front or homologous to an antigen
from PCV2. Such a composition is substantially free of
intact PCV2. Thus, a "subunit immunogenic composition"
is prepared from at least partially purified or
fractionated (preferably substantially purified)
immunogenic polypeptides from PCV2. or recombinant
analogs thereof. A subutrit immunogenic composition
can comprise the subunit antigen or antigens o f
interest substantially free of other antigens or
polypeptidesfrom FC \ 2 or m fractionated from \
prefeircd immunogenic subunjt composition comprises
thec PCV2 ORF2 protein as described below \ n
"immunological or immune response" lo a composition ot
\acemc is the development m the hos>t o f a celhilat
and'' 0 1 antitxxh -mediated immune response to the
compos it ion ot utc ane of iiiicicsl Csualh, an
"immune response" includes but is not limned to one 0
1 more o f the following effects the pioduciion ot
activation of antibodies. B 



cells, helper T edls, siippicssor T cells, andni c\
totn\tc T cells and/oi j d T cells, dnected specif
calK to an antigen or antigens included m the
composition ot \ ace me o f tntetcsi Ptefa obh, the
host wili dispisn etthct a jiierapcutic ot piotcctive
uumunol agtcal response such thai iesutance to new
infection will be enhanced and/oi the ciimcai se\et in
of the disease reduced Such piotcouoti will be
dctRonstraicd b\ eithei a icduciton in immbei ot
sc\ettt L of, or Kick of one Oi moie of the sunptoms
associated \\ i\h PC\ 2 infections as. described abo^e
fhe terms "immunogenic" protein ot pol\ peptide ot
"antigen as used beiesn refer to an ammo aad sequence
which elicits a" immunological response as described
abo\c L.n "uniminogcme" piotcsn oi poh peptide, as
used herein, includes the fuii-iength sequence of an\
P( \'2 proteins, analogs thereof, or immunogenic
fragments thereof The terra "immunogenic fragment"
iefcis to a fiagmetit of a piotcm winch includes one
or more epitopes, and thus choits the jiumunoJogical
response described abo\e Such fragments can be
sdenufsed using am sntmbei of epitope mapping
techniques, well known in the att See e g , Epitope
Mapping Piotocols in Methods in Molecular Bioiog>, Voi
06 {Glenn R MoJiis Ed 19%) IIomana Prc&i. Totowa. Nevv
Jcrse> For example linear epitopes roaj be detcimmcd
b\ e g concurrcnth s\ nthesi/mg large numbess of
peptides on solid supports the peptides copcsponding
to poruons of lhc protein molecule and leading the
peptides L\ tth antibodies while tlie peptides me
still attached to the supports Such tcclmic[ucs aic
knovn inthe art and described in, e.g., U.S. Patent
No. 4.708,871: Geysen et ai (J984) Proc. Nail. Acad.
Sci. USA 81:3998-4002; Geysen et al. (1986) Molec,
Immunol 23:709-715. Similarly conformational epitopes
ate readily identified by determining spatial
conformation of amino acids such as by. e.g., x-ray
crystallography and 2-diniensional nuclear magnetic
resonance. See, e.g.. Epitope Mapping Protocols,
supra. Synthetic antigens are also included within the
definition, for example, polycpiiopes, flanking
epitopes, and other recombinant or synthetically
derived antigens. See. e.g.. Bergmann et ai. (!993)
Eur. J . Immunol. 23:2777-27Sl; Bergmann et al.
(!996). J . Immunol 157:3242-3249: Suhrbier. A.
(1997). Immunol and Cell Biol. 75 402-408; Gardner et
al . (1998) 12th Worid AIDS Conference, Geneva.
Switzerland. June 28-Juiy 3. 1998 In a preferred
embodiment of the present invention, an immunogenic
composition thai induces an immune response and. more
preferably, confers protective immunity against the
clinical signs of PC.V2 infection is provided. The
composition .most preferably comprises the polypeptide
or a fragment thereof, expressed by ORF2 of FCVZ as
the antigenic component of the composition. PCV2 ORF2
DNA and protein, used herein for the preparation of
the compositions and within the processes provided
herein is a highly conserved domain within PCV2
isolates thereby am PCV2 ORF2 would be effective as
the source of the PCV ORF2 DNA and/or polypeptide as
used herein. A preferred PCV2 ORF2 protein is that o f
SEQ ID NO. U . A preferred PCV ORF2 polypeptide is
provided herein as SEQ ID NO. 5, but it is understood
by those of skill in the art that this sequence could
vary by as imtch as 6-10% in sequence homology and
still retain the antigenic characteristics that render
it useful in immunogenic compositions. The antigenic
characteristics of an immunological composition can
be, for example, estimated by the challenge experiment
as provided by Example 4. Moreover the antigenic
characteristic of amodified antigen is still retained,
vUseis the modified ant Jgen confess at least 7<>%,
prefesabh 



80%. more preferably 9 0 of the protcctnc impnimtj as
compared to tiic PCV2 ORi " 2 protein, encoded b\ the
poK nucleotide sequence of SFQ ID NO 3 or SEQ ID NO 4
AJJ "immunogenic composition " as used heiein, means a
PCV 2 ORF2 prnlein which elicits an ' immunological
tespoiisc " H the host o f a cellular anchor antttaixh
-mediated immune response to PCV2 ORF2 protein
Prcferablj, this mimunojicinc composition is capable
of eliciting Ot enhancing an immune response against
PC\ 2  heiebj confc png protect i\e lDiinami) again &i
PCV2 infection atid a reduction m the incidence of,
se\c pt\ of, o t pre vent ion of one o t mo re and
pjcfcrabh all of tbe clinical signs assocuited
thcteuilb In some forms immunogenic portions, of PCY2
ORF2 piotcm are ixs.ed as the antigenic component to
the coinpositioo The lepn "immunogenic poittoti " as
used ba esti refets to tnaicatcd and/or substituted
forms, o t fragments of PCV 2 0RF2 piotem and o r IMK
nucleotide respecti^ch Piefcrabfy such trancated
and/oi lubsttrutcd forms, or fragments w ill comprtsc
at least 6 contiguous stmno acsd^ fiom the fulS-lcngth
ORF2 ]X>h peptide More preferabh . the truncated or
subsfihited forms, or fragments will hs\e a { least
10. more preferabh at least 15. and sui! more
preferabh at least i'> contiguous, ammo acids from the
full-length 0RF2 rk)hpepttde Two pieferred sequences m
this respect arc prouded bercin a s SEQ ID NOs 9 an 10
U is litrthci understood that such sequences ma> hi a
part of larger fragments o t truncated forms. A furthe
rreferred PC\ r2 ORF2 polypeptide prov ided heret p is
encoded b\ the nucleotide sequences of SEQ ID NO 3 or
SLQ IO NO 4 However, A is understood b\ those of skill
m the art that lhis> sequence could \ar> bj as much as
b-20% m secjitence homolog) and still retam the
antigenic chaiactc psiics that render it useful m
immunogenic compositions In some forms a truncated ot
substituted form o t fiag  nent of this. P\'C2 ORF2
polypeptide is used as the antigenic component in the
composition Prcfeiabix suchtruncated or substituted fo
rms or fragments will comprise at least IS contiguous
nucleotides from the full-length ORF2 nucleotide
sequence e.g. of SEQ 1I> NO: 3 or SEQ ID NO: 4. More
preferably, the truncated or substituted formj. or
fragments, vv J! have at ieasi 30, more preferably at
least 45, and still more preferably at least 57
contiguous nucleotides of the AiHlength ORF2
nucleotide sequence, e.g. SEQ ID NO: 3 or SEQ D NO 4.
"Sequence Identity " as it is known in the art refers
to a relationship between two or more polypeptide
sequences or two or more polynucleotide sequences
namely a reference sequence and a given sequence to be
compared with the reference sequence. Sequence
identity is determined by comparing the given sequence
to the reference sequence after the sequences have
been optimally aligned to produce the highest degree
of sequence Simila rity as determined by the match
between sitings of such sequences. Upon such
alignment, sequence identify is ascertained on a
posilion-by-position basis e.g., the sequences are "
identical" at a particular position if st that
position, the nucleotides or amino acid residues are
identical. The total number of such position
identities is then divided by the total number of
nucleotides or residues in the reference sequence to
give % sequence identity. Sequence identity can be
readily calculated by known methods, including but not
limited to. those described in Computational Molecular
Biology. Lesk. A. N., ed.. Oxford University Press.
New York (1988), Bioeomputing: Informatics and Genome
Projects. Smith. D.W.. ed.. Academic Press, New York
(1993): Computer Analysis of Sequence Data. Fart I,
Griffin. A.M. and Griffin. H. G.. eds.. Humana Press.
New Jersey (1994); Sequence Analysis in 



Molecular Biology, von Meinge. G.. Academic Press
(1987); Sequence Analysis Primer. Gribskov, M. and
Devereux, J.. eds., M. Stockton Press. New York
(1991); and Cariiio, H., and Upmaru D., SlAM J .
Applied Math.. 48: 1073 (1988), the teachings of which
are incorporated herein by reference. Preferred
methods to determine the sequence identity are
designed to give the largest match between the
sequences tested. Methods to determinesequence
identity arc codified in publicly available computer
programs which determine sequence identity between
given sequences. Examples of such programs include bui
are not limited to, the GCG program package (Devereux.
J.. et al.. Nucleic Acids Research, 12(0:387 (1984",
BLASTP. BLASTN and FASTA (Altschul S. F. et al.. J .
Moke. Biol., 215:403-410 {199(1). The BLASTX ptogram
is publicly available from NCBl and other sources
(BLAST Manual, Ahschul, S. et al., NiCV! NLM NTH
Scihesda. MD 20894, Altschul, S F. et aL J . Molec.
Biol., 2 15:403-41 U (1990), (he teachings of which
are incorporated herein by -reference). These programs
optimally align sequences using default gap weights in
order to produce the highest level of sequence
identity between the given and reference sequences. As
an illustrat ion by a polynucleotide having a
nucleotide sequence having ai least for example. 85%,
preferably 90% even more preferably 95% "sequence
identity " to a reference nucleotide sequence, it is
intended {hat the nucleotide sequence of"the given
polynucleotide is identical to the reference sequence
except that the given polynucleotide sequence may
include up to 13, preferably up to 10 even more
preferably up to 5 point mutations per each 100
nucleotides of the reference nucleotide sequence. In
other words, in a polynucleotide having a nucleotide
sequence having at least 85%, preferably 90%. even
more preferably 95% identity relative to the reference
nucleotide sequence up to 15%. preferably 10%. even
more preferably 5% of the nucleotides in the reference
sequence may be deleted or substituted with another
nucleotide, or a number of nucleotides up to 15%.
preferably ]0% even more preferably 5% of the total
nucleotides in the reference sequence may be inserted
into the reference sequence. These mutations of the
reference sequence may occur at the 5' or 3' terminal
positions of the reference nucleotide sequence or
anywhere between those terminal posit ions
interspersed either individually among nucleotides in
lite reference sequence or in one or more contiguous
groups within the reference sequence. Analogously by a
polypeptide having a given amino acid sequence having
at least forexample, 85V preferably 90%, e\en more
prefcrabh 95% sequence identity to a reference ammo
acid se quence it is intended that the ghen amino acid
sequence of the poly peptide is identical to the
reference -sequence except that the ghcn poh peptide
sequence nia\ include up to 15. prefcrabh up Io 10,
even more mreferabh up Io 5 amino ackl alterations per
each 100 amino acids of the reference amino acid
sequence In other words, to obtain a ghen pK peptide
sequence ha\ing at least 85%. preferabK WV even more
preferabK 95% sequence identi tyth a reference amino
acid sequence, up to 15b. preferabK up to 10%. even
more preferabK up to 5% of the amino acid residues in
the reference sequence ma> be deleted or substituted
with another amino acid or a number of ammo acids up
to 15%, prcicrabh up to i q%. even more preicrablj up
to 5% of the total number of ammo acid residues in the
reference sequence ma> be inserted into the reference
sequence. These alterations, of the reference sequence
ma> occur at the amino or the carbo\> terminal
positions of the reference ammo acid sequence or
anywhere between those terminal positions interspersed
etiher itidmdualh among residues in the reference
sequence or to the one or more contiguous groups
within the reference sequence PrcferabK . residue
positions 



which are not identical differ b> conservative ammo
acid substitutions lkwe\er, eonsenatne substitutions
arc not included as a match wlien determining sequence
identit} "Sequence homology " , as used hcrctn. refers
to a method of determining the relaledncss of w o
sequences. "Jo determine sequence homologj, w o or
more sequences arc optima Uj aligned, and gaps arc
introduced if neccssan HOWCLCG. in contrast to
"sequence ideotit\ '\ consenatnc amino acid
substitutions are counted as a match when detcmiimng
sequence homologj in other words to obtain a
polypeptide or poh nucleotide inning 95% sequence
homologj nith a reference sequence, K5')o, preferably
90%, e\e p more preJcrabl) 95% of (lie amino acid
residues or nucleotides in the reference sequence must
match or comprise a conscn am c substitution %\ ith
another amino acid oi nucleotide, or a number ofammo
acids ot nucleotides up to i *% preferabl yp to J0%
c\en more preferbh up Io ">% oi the total ammo aud
residues 0 1 nucleotides not meludmg c-onsen am e
substitutions in the reference. sequence ma\ be
inserted into the refucnce sequence Prefer abh the
homolog sequence wompiises. at leas>t a stiekh of M)
even mnu ptefuabK .U Last 100 e\en more ^ prcferabK a
t least 2*0 and e\uj mote prefcrabK at least ^
)Onucleotides \ consols aine sabslilution rofct^ to
the substitut i o an ammo acid KSiduc o t [Riw cottdc
with another amino <k id icbiduc or nucleotide lia\ mg
s.innlai ckikKietibttw^ or mioperlies nicl adiug si/e
h\dropl iobicit\ etc such that the mciall futk uonabt\
doe*, not change sigmftcauth  &oiaicd means aheied tp
ihc hand of man I Joni its naiurai state t e ifit
occuis in tiatutc it ha* been changed o t icmoxcd fiom
sts ongni l cmironment o r both For ",\ampic a
pohnucieotidc O) poh peptide iiauoalh present in a
irung or^anj^m is not isolated but the ssme poh
nucleotide or poh peptide separated from the
coexisting male! ials of sts nstuta) state i* isolated
a* the term i* cinplo\ ed herein Thus the immunogenic
composition as used herein also icicrs to a
composition thai comprises PCV2 ORI 2 protein wheiem
said PCV 2 OR! 2 piotcm is am one of those desL-pbed
abo\e Prefeiabh said ?C\ 2 DlU 2 protetn is 0 a poh
peptide compmmg the sequence of SbQ ID NO 4^ SbQ ID NO
6 SLQ ID NO 9 SLQ lD NO 10 OJ SLQ iD NO 11 ii  ap\ poK
peptide that is at least 80 < liomologoits to the
pohpepttde of 0 i") am immunogenic poition of tiie poh
peptides oi 0 and oi ii) i\ i the immunogenic portion
of HI) comprising a t lu&t 10 contiguous ammo acsds
included in the sequences of SLQ D NO * SLQ ID NO 6
SLQ ID \ O Q SFQ lD KO 10 or SFQ ID XO I lv) a poh
peptide thai is encoded b\ a DNA comprising the
sequence of SBO ID MO 3 Oi SEQ ID NO 4 vi ) am poK
peptide thai is encoded In a poK nucleotide that is a
t least 8<*o homologous to the polynucleotide of \ )
vi i ) am immunogenic portion of the polj peptides
encoded bj the poh nucleotide of \ ) and or \ i) viii)
the immunogenic poiUoii of MO therein polynucleotide
coding for said immunogenic ponion comprises at least
"<( ) contiguous nucleotides, included in {he
sequences o f SFQ JD \ 0 3, ot SFQ ID KO 4 Prcfctabh
am of those immunogenic portions ha\ c the immunogenic
ciwa aepsties. of PC\ 2 OR$-2 piotc ui Jhst " encoded
b\ the sequence of SFQ ID NO 3 or SFQ 10 KO 4 



According to a futmei aspect, PCV2 ORF2 piotem is
pimided in the immunological composition at an antigen
inclusion ICLCI effective for inducing the dciucd
uninunc response, nameh teducmg the incidence of
lessening the se\erit\ of ot preventing one ot more
cluneal stgns ics ultmg from PCV2 infection Prefesabh
{he PCV2 OR^-2 prolejn mcluston ic\cl ii at least <> 2
mg antigen mi of the final immunogenic composition (ug
mJi more prefeiabh from abotit O2 to abotit 400 mg ml,
still moie preferabh from about O"* to about 200 mg
ml, e\en inoic prefer abh from about O35 to about 100
mg ml, still mose prefesabh from about 0 4 to about 50
ug/ml. still snore preferabij from about 0 45 to about
30 mg.mi sull more prcfetabh from about 0 6 to about
15 mg % l e\en more prcfcrabU from about 0 7*" to
about H mgnii, c\cn more preferabh from about 1 0 to
about Ci mg<'ml. still more preferabh fiom about 1 3
to about 1 0 mg ml, cscn ipoie preferabh fiom about 1
4 to about 2 5 mgnsl c\en more prefesabh fsosn about I
5 to about 2 0 mg ml and most piefcrabh about S6
mg/nilAccording to a further aspect the OR.F2 antigen
inclusion level is at least 0.2 mg/ PCV2 0RF2 protein
as described above per dose of the final antigenic
composition (mg/dosc). more preferably from about 0.2
to about 400 mg/dose, still more preferably from about
0.3 to about 200 mg/dose. even more preferably from
about 0.35 to about 1Ou mg/dose, sliii more preferably
from about 0.4 to about 50 mg/dose. still more
preferably from about 0 .45 to about 30 mg/dose. still
more preferably from about 0.6 to about 15 mg/dose,
even more preferably from about 0.75 to about S
mg/dose. even more preferably from about 1.0 to about
6 mg/dose, still more preferably from about 1.3 to
about 3.0 mg/dose, even more preferably from about 1.4
to about 2.5 mg/dose. even more preferably from about
1.5 to about 2.0 mg/dose. and most preferably about
1.6 mg/dose. The PCV2 O.RF2 polypeptide used in the
immunogenic composition in accordance with the present
invention can be derived in. any fashion including
isolat ion and purifi cation of PCV2 O.RF2. standard
protein synthesis and recombinant methodology.
Preferred methods for obtaining PCV2 OR.F2 polypeptide
are provided in U S. Patent Application Serial No.
11/034,797, the teachings and content of which are
hereby incorporated by reference. Briefly, susceptible
cells are infected with a recombinant viral vector
containing PCV2 O.RF2 DNA coding sequences. PCV2 OR.F2
polypeptide is expressed by the recombinant virus, and
the expressed PCV2 OR.F2 polypeptide is recovered from
the supernate by filtration and inactivated by any
conventional method preferably using binary
ethyjcnimine, which is then neutralized to stop the
inactivatbn process. The immunogenic composition as
used herein also refers to a composition that
comprises i) any of the PCV2 ORF2 protein described
above, preferably in concentrations described above,
and ii) at least a portion of the viral vector
expressing said PCV2 ORF2 protein, preferably of a
recombinant baculovirus. Moreover, the immunogenic
composition can comprise i) any of the PCV2 ORF2
proteins described above preferably inconcentrations
described above ii} at least a portion of the viral
vector expressing said PCV2 ORF2 protein, preferably
of a recombinant bacuiovtr as. and iii) a portion of
the ceii culture supemate. The immunogenic composition
as used herein also refers to a composition that
comprises i) any of the PCV2 ORF2 proteins described
above preferably in concentrations described above ii)
at least a portion of She viral vector expressing said
PCV2 OR.F2 protein, preferably o f a recombinant
baculov rus. and Hi) a portion of the cell culture;
wherein about 



90% of the components have a si/.e smaller than 1 mm.
The immunogenic composition as used herein also refers
to a composition that comprises i) any of the PCV2
ORF2 proteins described above, preferably in
concentrations described above, ti) at least a portion
of the viral vector expressing said PCV2 ORF2 protein,
iii) a portion of the cell culture, i\) and
inactivating agent to inactivate the recombinant viral
vector preferably BEl, wherein about 90% of the
components i) to iii) have a size smaller than 1 mro.
Preferably. BEl is present in concentrations effective
to inactivate the baculovinis. Effective
concentrations are described above. The immunogenic
composition as used herein also refers to a
composition that comprises t) any of the PCV2 ORF2
proteins described above preferably in concentrations
described above it) at least a portion of the vira!
vector expressing said PCV2 ORF2 protein, iii) a
portion of the ceil culture, iv) an inactivating agent
to inactivate the recombinant viral vector preierabiy
BET. and v) an neutralization agent to stop the
inactivalion mediated by the inactivating agent
wherein about 90% of the coinpo.ne.nis i) to iii) have
a size smaller than J. mm Preferably, if the
inactivating agent is BEL said composition comprises
sodium thiosulfate in equivalent amounts to BEl.The
polypeptide ss incorporated into a composition thai
can be administered to an animal susceptible to PCV 2
infection in preferred forms., the composition inaj
also include additional components known io those of
skill in the art (sec also Remington's Pharmaceutical
Sciences ( 1990) 18th cd. Mack Publ , Easton) Addit
ionally the composition ma\ include one or more
Leterinarj -acceptable earners ^ s used herein, "a
\etc pnar> -acceptable earner" includes an\ and all
solvents, dispersion media, coatings, adjinanls,
stabilizing agents, dduenfe. piemen athes.
anubacteiial and antifungal agents, isotonic ageins,
adsotption delaung agents and the like In a preferred
embodiment, the immunogenic composition conjpns.es PC
V2 ORF2 protein as piov ded herewith, preferabh m
concentrations described above which is mixed with an
adjmant. picferabh CarbopoL and pin siological salme
Those of" skill in the art L\ ill understand that {he
composition used herein. ma\ incorporate known
injectable, physiologically acceptable sterile
sohitton*; For preparing a rcad> -Jo-usc solution for
parenteral injection or mfusion. aqueous isotonic
solutions, such as e g saline or corresponding plasma
protein solut ions are readih available In addition,
the immunogenic and utccuie compositions of the
present (m ention can include diluents, isotonic
agents stabilizers or adjuvants. Diluents can include
nater. sa line dextrose. efhanl. glycerol, and the
like Isotonic agents can include sodtuni chloride
dextrose manmtoi. sorbitol and lactose, among others.
Stabsls/ers include albumin and alkali salts of elirj
leidiamintetracetic acid among others "LdjuLanis " as
used herein, can include aluminum hulrovule and
aluminum phosphate, saponins e - g , Quil A. QS-21
(Cambridge Biotech Inc , Cambridge ML>. GPl- OjOO
(Galerca Pharmaceuticals. Inc.. Birmingham. LLh
water-m-oil emulsion. oil-tn-\u iter emulsion
vaiet-m-oil-in-watci emulsion The emulsion can be
based in particular on light liquid paraffin oil
(Euiopcan Pliatmacopca ijpe), isoprenoid oil such as
&quaiaue oi squaleneoil resulting from
theoligoraerization of alkeaes, in particular of
isobuiene or decene; esters of acids or of alcohols
containing a linear slkyi group, more particularly
plant oils, ethyl oleate. propylene glycol
dKcaprylate/caprate), glyceryl trj-(capryiate/caprate)
or propylene glycol dioleate; esters of branched laity
acids or alcohols in particular isostearic acid
esters. 



The oil is used in combination with emulsifierss to
form the emulsion. The emuSsifiers are preferably
noniotiic sinfaciatits, in particular esters of
sorbitan, of niatinide (e.g. anlrydropiatnsital
oleate), of glycol, of poiyglycerol, of propylene
glycol and of oleic, isostearic, ricinoieic or
hydroxystearic acid, Lvhich are optionally
ethoxylsted. and polyoxypropylene-polyoxyethylene
copolymer blocks, in particular the Pluronic products,
especially L 121. See Hunter et al. The Theory and
Practical Application of Adjuvants (Ed.Sl ewsrl-T.uH,
D.E.S.). JohiiWiley and Sons, NY. pp51-94 (1995) and
Todd et a!., Vaccine 15:564-570 (3997). For example,
it is possible to use the SPT emulsion described on
page 147 of "Vaccine Design, The Subunit and Adjuvant
Approach" edited by M. Powell and M. Newman, Plenum
Press, 1995, and the emulsion MF59 described on page
183 of this same book. A further instance of an
adjuvant is a compound chosen from the polymers of
acrylic or Hiethacrylic acid and the copolymers of
inaleic anhydride and aikenvl derivative. Advantageous
adjuvant compounds are the polymers of acrylic or
rethacrylic acid which are cross-linked, especially
with polyaikeny! ethers of sugars or polyalcohols.
These compouads are known by the term carbomer
(Phameisropa Vol. 8, No. 2, June 1996). Persons
skilled in the art can also refer to U. S, Patent No.
2,909,462 which describes such acrylic polymers
cross-linked with a polyhydroxylated compound having
at least 3 hydroxy! groups. preferably not more than
8. the hydrogen atoms of at least three hydroxy Is
being replaced by unsaturated aliphatic radicals
having at least 2 carbon atoms. The preferred radicals
are thosecontaining fromn 2 to 4 carbon atoms c g
\m\ls. aShls and othei etlnlerucaJh unsaturated gjoups
I he misahnated radicals ma\ tiiemseh es contain other
subsUHients. such as rncthv i The piod ucls sold undcs
the name Caibopol, (BF Good pcli Ohio, USA) ate
marticularh appiop pale The\ are erobb-linked with an
alh 1buciose oi \wth alhl penlaen th ptoi Among them
tlicic mav be mentioned Carbpol 974P, 914P and 9 7 }P
Most micfe p ed is the UAC o f Carbo mol, in martt
ailai the ULC o f Caibopol O7 IP prefcrabK in amounts
of about ^00 ug to about 5 mg pt-t dose, c\cn more
ptefc  ed m an amount of about 750 mg to about 2 5 ing
per dose and most picicncd in an amount of about 1 mg
pet dose Further sun ablc adjii\anis include but aic
not intuted to {he RB1 ad]u\anl s\stera (Ribi iiic ),
Biock co-poh tnci (,(MR\ Atlanta GA), SAF-M (Ch pon,
Fmowilie CA) mopophcsphoi l! lspid \ LMidJ pc
lipid-amtoe ad|y\ant beat-labile cnt etoto\J p (torn F
coli (lecomb)tunt o r othcnviso* cholera toxin, IMS
1314, or muionni drpepUde ansong monv othei s Prcf
etabh the adjuvant is added m an amount of about 1Ou
mg to about H) mg pei dose Hcsi more prefeiabh {he
adpj^ant is added in an amount of about 100 ug to
about 10 mg pei dose Ih en more prcferabh the adjmant
is added in an amount of about 500 mg to about * mg
per dose  \en more preferabh . the adimani is added m
an amount of about 7^0 mg to about 2 ^ mg pei dose
Most prefeiabh , the admp anf is added in an amount of
about J mg per dose -VddUsosialh , the composition can
meludc one or nsoie pharmaceutical-acceptable carriers
Ls u<>e4 herem "a pharntacc uUcal-dcecptablc cap ict"
includes ao> and all iohcnts d is>pe r s io p media,
coatings stabili/mg age-nts diluenb, prcser\ati\es>,
antibacterial and antifungal agents, isotonic agents
adsorption dela\ mg agents, and the hkc Most ptefciabh



the composition provided herewith, contains PC\'2 ORY2
miotein teccneicd from the supc piate of ;"? vttro
cultured ccih. whercm said cells v\cie infected viih a
iecombtnant \ual\ color oontaming PC V2 ORl: 2 DN \
and expicsstng PC V2 ORi 2 protein and therein said
ceH cuitinc \Mk>neaied vuth about 2 to about XniM BLl
prcieuibh vath about *>ra\i BI to inactivate the \ira
vector and an equnalcm concentration of a
neiitiaii/auoit agent picferabh sodium thiosulf<&,
bokitmn in a final coiicenu<rt ion of aboul 2 to about
8 mM prcfcrabK of about ^ m\t The present .mention
also t atc^ to an immunogenic composition thai
compttscs i) am oi the PC\ 2 C R 2 proicms described
abo\e preferabl y ooncentrauons descnbed abo\c  i a l
leas-l a portion of tiic \ua! \eUor cvprcfewng Mid
YCV2 QRF2 protein t t) a poiuon of the cell culture n
) a" snacmating agent to inactivate the iecoinbinant
^nal %ccto prefeiabh BtI and \ ) an ncutrali/  tion
agent fo stop the tnactnation mediated In the tnact p
atibf agent picfcrsbh sodram thipsulfatc m cqui\alcnJ
amounts to BM snd \i) a suitable adit p snt profit abh
Csrbo}X3l 97  m araounts dc&cpbcd abo\c whuem about
(Mf<> of the component 1? rt to m) have s >?s/c smaUei
Jhsn 1 mm According to a ftiiihcr aspect ihss
imtiuinogctnc composition further unnp pses s
phanwseeui ical acceptabSe sail prcierabh a phosphate
salt m phv sioiogicalh acceptable concentrattons
Picicrabh the pH of said immunogenic composition is
adjusted to a pin Miogical pli mediimg between about 6
5 and The immunogenic composition as used hetein also
refeis to a composition thai comprises pes one mi S)
at least 1Oug of PC V2 ORi 2 piotcm desc plx'd abtp e
ii) at least a [X)HiOt) of bacuioMrus c\ pte )t said
PCV2 0RF2 protein iii) a pouion of the cell uiltute
iv) tilxnft 2 So 8 m\i BFT -\) sodmni thiosulfate in
cqti i\ aknl amounts, to BFl and ^i) about ! ing
Caibopoi O7 S and \ i ) phosphate sail sn a pliv
biological i\ acceptable concentration lsheiem about
'JO0 ^ of the components i) to uO h<ne a si/e smailei
than 1 uin and the pH o t said immunogenic composition
is adjusted to about 6 ^ to 7 ^The immunogenic
compositions can further include one or more other
immunoniothilatory agents such as. e.g..
interieiikiiis. interferons, or other cytokines. The
immunogenic coin positions can also include
Gentaniiein and Merthioiate. While the amounts and
concentrations of adjuvants and additives useful in
the context of the present invention can readily be
determined by the skilled art isan the present
invention contemplates compositions comprising from
about 50 mg to about 20(H) mg o f adjuvant and
preferably about 250 mg/ ml dose of the vaccine
composition. Tints, the immunogenic composition as
iised herein also refers to a composition that
comprises from about lug/ml to aboui 60 mg/nil of
antibiotics, and more preferably less than about 30
mg/nil of antibiotics. The immunogenic composition as
used herein also refers to a composition that
comprises i) any of the PCV2 ORF2 proteins described
above, preferably in concentrations described above,
ti) at least a portion of the viral vector expressing
said PCV2 ORF2 protein, iii) a portion of the cell
culture, iv) an inactivating agent to inactivate the
recombinant viral vector preferably BEl. and v) an
neutralization agent to stop the mactivation mediated
by the inactivating agent, preferably sodium
thiosulfate in equivalent amounts to BEi; vi) a
suitable adj uvant preferably Carbopol 971 in. amounts
described above: v) a pharmaceutical acceptable
concentration of a saline buffer, preferably of a
phosphate salt and viii) an antimicrobio ogical active
agent: wherein about 90% o f the components ) to iii)
have a size smaller than Smm It has been surprisingly
found, that the immunogenic composition comprising the



PCV2 ORF2 protein was highly stable over a period of
24 months  t has also been found the immunogenic
compositions are very effective in reducing She
clinical symptoms associated with PCV2 infections. Tt
was also discovered that the immunogenic compositions
comprising the recombinant baculovirus expressed PCV2
ORF2 protein as described above, are surprisingly more
effective ian an immunogenic composition comprising
the wholePCV2 virus in an inactivated font) or
isolated viral PCV2 ORF2 antigen. In particular, it
has been surprisingly found, tiiat the recombinant
baciilvirus expressed PCV2 ORf;2 protein is effective
in very low concentrations., which means in
concentrations up to 0.25 mg/dose. This unexpected
high immunogenic potential of the PCV2 ORF2 protein is
increased by CarbopoL Examples 1 to 3 disclose in
detail the production of PCV2 GRF2 comprising
immunogenic compositions. The immunogenic composition
as used herein also refers to Ingelvac i .CireoFLEX" *
1. {Bochringer Tngeheira Vcimcdica. Inc. St Joseph,
MO, USA), CircoVaeOt- (Medal SAS, Lyon, France!
CircoVenl (intervet inc.. Miiisboro. DE. USA) or
Sitvaxyn PCV-2 One Dose,f (Fort Dodge Animal Health,
Kansas City . RA, USA.). Administration of the
immunogenic composition The composition according to
the invention may be applied intradenrially,
intratrachealh , or iniravagmalh . The composition
preferably may be applied ipramnscularly or
intranasally. most preferably intramuscular! Iy p an
anipia! body, it can prove advantageous to apply the
pharmaceutical compositions as described above via an
intravenous or by direct injection into target
tissues. For systemic application, the intravenous,
intravasc aiar, intramuscular, intranasal,
intraarterial intraperitoneal oral or intrathecal
roatci are preferred. A more local application can be
effected subcutaneouily, intradermals,
intracutaneous!}?, intracardtally, ijrtralobaHy.
inirapeduilar y. nlrapumionarily or directly in or
near the tissue to be treated (connective-, bone-,
muscle-, nerve-, epithelial tissue). Depending on {he
desired duration and effectiveness of the treatment
the compositions according to the invention may be
administered once or several times, alsoiittentuttcnth
fos instance on a dash basis, for several d <p s necks
or months and in different dosages. Prdcrabh a t least
one dose o f the immunogenic compositions as described
above is intramuscula admi ni ser e d to the subjec t
need  heieof \ t cording to a Au the: <i>>pccl ^ the
PC\ -2 antigen o t the immunogenic composition
contptisi pg an\ such PCV-2 antigen as described abmc
is formulated and administered in one ( I I ml pet
dose Thus accoidtng to J fiiilhcr aspect the pjcbtnt
imcnlion a bo alales. in a 1 ml unmunngent V. t
ompniition coinpn^iiig PCVJ antigen as described
hereii for icducing or lessening Kraplisdcnopatln h
mphojd depiction <md o r muHm acicotcd giant imiux
Ltcs in pigs infected with S5CV2 ^ccoidmg to a furthet
aspect aa-oiding to Liarthei a&pect the pies^nt
iincntion also relates to a 1 m tinmuoogcnic
conipcsuion coinp pstog PC\ -2 aotsgcn a* dcsuibed
herein foi reducing o t lessening K raphadenopstln m
t-onibmatJon with one o t a muitipic oi the following
"nitiptpitis in pigs O ) intcr^itial pncuniom a wh
tmcrlobular edema (2) vutancys palloi oi scieius (3)
mottled atropine ln ets (4) gast pc ulc ets (^)
ncphmis and (G) reproductt\e disordej "i e g abortion
stiUbtrUM mummies \ctordmg to a further aspect at
least one iurthei adtnimsudtion of at least one dose
of the jmmuKogeim, composition as desscnbed abo\e is
gnen to a subject m need thcreoi whcfctii the second
oi am further administration is gnc" at least 14 da\ V
be\ond the mtltal 



or am former admimsuations Prefesabh the immunogenic
composition is administered w ith an mnau pe siumilant
Prefeiabh said msraune siumilant is gi\en at least
ftuee Piefcrabh at least 3 da\s more prcicrabh at
least * da^ s c\en more psefcrabh a t least 7 da\s die
in between the fii&t and the second or am fiathe-r
adpun n tw tiOK oi the immune stimulant Prcfesabh the
imnpine stm pilant is gnen at least ]o din s pretesabK
I* ikn^ c>cn more prcierbh 20 even mote picferabl\ at
least 22 da\ s be\ond the initial adimtusUauoii of the
immunogenic composition provided hciein \ prcienred
mun anesumu ldnt ss Jot example k-c\hoJc limpet
hensocvasun (KLH) ptefesabh emulsiUed with incomplete
ficitnd s aditnaiU (KJLIi ICl L> However it is
herewith iindcisiood that am otlici immune stnnulant
known to a person skilled H the art oan also be used
The terra iranmiK stumiiani as used huein means ap\
agent or composition that can tnggu the nninunc
response picferabK without ntiti dung or increasing a
bpecifk nnntutK response for example the mimuite
response agam&l a speciilc pathogen It is furthet
instmctcd to tsdmnmter the immune stimulan tn a
buitabk do^t \torcoset it lias also been surpmmgh
round that the iintnuiiogcuie potential o f the
immunogenic compositions, u sal herein ptvfeiabK those
that t-ompnse recombinant bduilounjs expicss^d PC\ 2
ORF2 protein e\en mor*. pjcferablv in combmauon with
C'atbopol can be lnrihcr confiimcd In the sdrainistr
auoii of the lngc!\ k, PRRS \\L\ \ <i ,C) tk {i.ec
Fxampic >) PCV2 cluneal signs and disease
manifesiations atv greajK magnified when PRRS wfcctton
is ptescnt Ho\\e\ei the immunogenic compositions *;
and \a".cjnaiio" sitategies s s prmtded herewith
Serened th" cfleet great h and more than expected In
other voids an unexpected sujcrgistic eftect was
observed when animals pjdenibh piglets were treated
wnh am of the PC\ 2 ORF2 immuno genic compositions as
proLidcd hcrew Uh and thc lngehdt PRRS Ml \ \acune
^Bochimgei ingeiheim) BRIEF DESC R IPT ION OF THE DR
AW INGS I-igtiic 1 is> a schematic flow diagram of a
piefcncd construction of PC\ r2 ORP2 recombinant
KIUSICA iru& and Ligs 2a and 2b are each schematic How
diagrams of how to produce one of the compositions
os".d in accordance v\ ith the present inventionDE
TAILED DESCRIP TION O F THE PREF ERRED EMBODIMENTS The
following examples set forth psefcned materials and
pioocduies in accoi dance vwih the micscnt imcmion
Although am methods and materials similar or
equivalent to those described herein can be uv,d in
the piactice o r testing of (ho present iincnjinn the
prcfcttcd inelhixk dev ices and materials aic now
described It is Iu be understood liowevci that these
examples arc provided b\ %\a\ of illusitaiion onK and
noil priji ilierem should be deemed a limitation upon
(he otcwll bcopc of the intention EXAMPL E 1 This
example compares the rciatnc \ (elds of 0RF2 using
methods of the present imcmioti with tneJhods that me
known m the ppoi ait Foui lOOOm sptoner ilasks "eic
each seeded \uth approxtmatelv 1 O\1OC Sf* ceUs/ml m
3t.Mk"l of msea setuni fiec medui F\ccl] 420 (IRH
Btoseicnces  tic  cncxs KS) The itisitcr cell cnltare
is identified as SF {SpOtapic n ff i vipCiM) MasJei
Cell Stock, passage 19  otwl\S 12-0^W The celk used to
geneiate the St Mastei Cell Stock -ivere obtained friw
Fiotcm Sciences Coipoiation. Itic Vicpden, C  Jlie SF-
cell line !or tins example was confined between
passages 19 and 59 Other passages will work foi
puhxises of ihc present linetition. bnt m order to
scale the 



pi occss tip for Luge scale production at least IV
passages wtH probabh be nccessan and passages bevond
5(>ma\ haxe an cfiect on expresstoti although this was
not tm esttgated In more detail the initial Sl- cell
cultures from liquid nitsogcn storage wete grown m
LvccH 420 media m suspension m stcnle spunicr ilasks
with constant agitation The cuituies were grown m 100
jnL to 250m L spumer flasks with 25 to i^O ml of
Excell 42* * s.erum-free media When the cells had
multiplied to a cell depsm of 1 0 - 8 Ox 10u ceils mL
tbc\ were spht to new vessels with a planting deiisiK
of 0 ^ - 1 5 x Hf cells niL Subsequent
expansionoutHircs were grown in spinner flasks up to
3f> Itlej s MI si/e or m stainless steel bsos eaoloi
>s of up to 300 liters foi a pes sod of 2-7 An s at 2
^ - 29K AXler seeding the flasks wcic incubated at I
T3C for four hunts Subscquenth each flask Md^ seeded
-vuili s i",omb irwnt baculotinib containing the PCV 2
0RF2 gene (SEQ ID \ O 4 ) The recombinant baculowiits
containing the PCV2 ORF2 gene was genetated as follows
the PCX'2 ORF2 gene ftoin a North Ajncpcan strain of
PCV2 was PCR antplificd to tniuain a V ko/ak's
sequence (^EQ ID NO 1>and <t 31 EcoRl site (SEQ ID ^ O
2), and cloned imo tlic m&FM-T-Fas\ \ cctot {Promcga
Naclison Wl) Then it \ as > s>ubscquci!tK excised and
subcloncd into l!k tians  cj vector pl'  H 92 (BD
Biosci^nces Phaimin^cn Sat) Diego C-Y) The subcloncd
pomon is rcpicseutcd heiem as SFQ D XO ? The p\ 1 1392
pln^tntd ootitsitijug the PCV 2 ORF2 gene was
designated N4?~064\ and then co-iroiisfcoicd with
BaculoGoldJC (BD Bioscicnces Phomiiugcn) baciiim iius
D\ L into Sf- inscci ecus. (Protein Saen.cc*; \!cnden
CT) to gctiesate the recombinant baciilo^ iras
containing the PCV 2 ORF2 gene lhc new coiKtiuct is
piom ed hereto as SbQ ID \ O 8 The recombinant baculox
pus containing the PCV'2 OR1-2 gene was paqae-pm ilied
and Master Seed Virus (XiSV) was piopagatcd on the S ^
cell line ahquotted, and sioicd at -7O0C The MSV was
posttneh identified as PCV2 0RF2 baculo\mis b\ PCR-Rt
LP using baculo\i pis specific pinners Insect cells
infected wtth PCX 2 ORF2 baaoMms to generate XiSV oi
Working Seed Virus e\prcs<? PC\ 2 ORf 2 antigen as.
dcteoied b\ poh clonal serum or monoclonal antsbodses
m an mdu ca Ouorcsceiit anUbtxh assa\ Addiuonalh the
tdenittj of liic PC\ r2 ORF2 aatkn inis a > confmncd
b\ l -temimal amino nct sequencing The PCX 2 0RF2
bauiio luui MSX was also tested for pupft in
accoidance -v\"h 9 C f R 1P 27 (e) 113 28 and 3 13 5 ^
Lach iccombu wtn baeukn jrus seeded into lite spinner
flasks, had van ing multip  femes of infection (MOIs)
Flask 1 was seeded with 7 ^2m  o f 08H Mf) I seed,
ilas.k 2 was seeded with "<OhiiL of O ><>MO1 seed
flask 3 v as seeded with I ^mL ol0.1 8MOI seed; and
flask 4 was seeded with 0.75ml of 0.09MGi seed. A
schematic flow diagram illustrating Jiie basic steps
used to construct a PCV2 0RF2 recombinant baeuivirus
is provided herein as Figure S. After being seeded
with (he baculo virus, the flasks were then incubated
at 2? &2X for 7 days and were also agitated a t l
ql)rpm (hiring that time. The flasks used ventilated
caps to allow fot air flow. Samples from each flask
were taken every 24 hours for the next 7 days. After
extraction, each sample was eentrifuged. and both the
pellet: and the supernatant were separated and then
mieroftiiered through a 0.45-1 0 mm pore size
membrane. The resulting samples then had the amount of
OR.F2 present within them quantified via an ELTSA
assay. The ELlSA assay was conducted with capture
antibody Swine anti- PCV2 Pab IgG Prt G purified
(diiuted 5:250 in PBS) diluted to 1:6000 m 0 05M
Carbonate buffer (pK 9.6). 100 mL of the antibody was
then placed in {lie wells of {he inictrotiter plate
sealed, and incubated overnight at 37C. The plate was
then washed three times with a wash 



solution which comprised 0.5ml.. of Tween 20 (Sigma,
Si Louis. MO). 10OmL of H)X DFBS (Gibco Ipvitrogen.
Carlsbad, CA) and 899.5mL of distilled water.
Subsequently. 250 mL of a blocking solution (5g
Carnation Non-fat dry milk (Nestle. Glendale, CAj in
1OmL of D-PBS QS to 10OmL with distilled water) was
added to each of the wells. The next step was to wash
the test plate and then add pre-dihited antigen. The
pre-dil uted antigen was produced by adding 200 mL of
diluent solution C0.5mL Tween 20 m 999.5mL D-PBSj to
each of the wells on a dilution plate. The sample was
then diluted at a 1:240 ratio and a 1:480 ra tio and
100 mL of each o f these diluted samples was then
added to one of the top welis on the dilution plate
(i.e. one top well received 100 mL of the 1:240
dilution and the other received 100 mL of the 1:480
dilution). Serial dilutions were then done for the
remainder of the plate by removing K)O mL form each
successive well and transferring it to the nest well
on the plate. Each well was mixed prior to doing the
next transfer. The test plate washing includedwashmg
the plaic three tmses with the wash buffer. The plate
was then sealed and incubated for an hour al 37X
before being washed three more times with the wash
buffer. The detection antibod> used was monoclonal
amibod\ to PCV ORF2 St was diluted to ! 300 in diluent
solution, and 100 mL of the diluted detection
aiitiboch was then added to the wells The plate was
then scaled and incubated dor an hour at 3T5C before
being washed three times with the wash buffer.
Conjugate diluent was then prepared b> adding normal
rabbit scram (Jackson Immuuorc search. West Gtwe, PA)
to the diluent solution to \% concentration. Conjugate
antibod> Goat anti-mouse (H+])-HRP (Jackson
imnninorescareh) was diluted in the conjugate diluent
to L K)J)Oo. loo mL of the diluted conjugate antibod>
was then added to each of the veils The plate was.
then sealed and incubated for 45 mmutes at 3?^C before
being washed three times with the wash buffer. 100 mL.
of substrate (TMB Peroxidase Substrate, Kirkgaard and
Pern. Laboratories (KPLs. Gaithcrsbcrg. MD), raised
with an equal volume of Peroxidase Substrate B (KPD
was added to each of the wcHs The plate was incubated
at room temperature for 15 minutes 100 ml . of IN HCL
solution was then added to all of the wells to stop
the reaction. The plate was then run through an ELlSA
reader The results of this assaj are provided m Table
1below:These results indicate that when the incubation
lime is extended, expression of ORF2 into the
supernatant of the centrifoged cells and media is
greater than expression in the pellet of the
centrifoged ceils and media. Accordingly, aiiwmg the
ORF2 expression to proceedfor at least 5 da\ s and
reeo\ering it u s the supemate rather than atknvusg
expression to proceed for less ihan 5 da\ s and reeo\
eruig QRF2 from ihc cells, panicles a great increase
in ORF2 \ tdds. and a significant improvement cncr
prior methods. EXAMPL 2 This example presides data as
to the effieacs of the imcniion claimed herein A.
10u{)mL spuHicr flask Mas seeded with approximate!)
1.0x10' Sf- ceHs/ml m 30UmL of Exeell 420 media The
flask \sas then incubated at 27 1C and agitated at
lOOtpm Subsequent Iv . the flask s\as seeded %\ ith K)
ml of PCV2 ORF2 Bac p <> (the recombinant baculosiriis
contamin^ the PCV2 ORF2 gene passaged 6 additional
times in the Sf ) insect ecus) \ irus seed \\ ith a 0
1 MOf after 24 hours of racubation.. The iiask was
then incubated at 27"C for a total of 6 das s After
incubat ion the fiask was then eentrifiiged and three
samples of the resulting supernatant were harvested
and inactivated. The supernatant was inactnated b>
bringing its temperature to 37-*- 20C. 'Io the first
sample, a 0 4M solution of 2-brop.iocth%ieiieainm.c h\
drobromidc winch had been cvcUzed to 0 2V1 bmary
ethhlennnine (BEi) in 0.3N NaOH was added to the
supernatant to 



{"i\ e a final concentration of BEl of 5mM. To the
second sample. 1OmM BIH was added to the supernatant.
To the third sample, no BEl was added to the
supernatant The samples were then strrred continuous!}
for 48 hrs. A i .0 M sodium tluosuifatc solution to
grve a final minimum concentration of 5 m.M was added
to neutralise an} residua! BEI. The quantity of ORi '2
in each sample was then quantified using the same ELl
SA assav procedure as described in Evainple 1. The
results of this tpa> be seen in Table 2 below :This
example demonstrates that neutralization with BF.1
does not remove or degrade significant amounts of the
recombinant PCV2 ORF2 protein product. This is
evidenced by the fact that there is no large loss of
ORF2 in the supernatant from the BEI or elevated
temperatures. Those of ski!! in the an will recognize
that the recovered ORF2 is a stable protein product.
EXAMPLE 3 This example demonstrates that the present
invention is scalable from small scale production o f
recombinant PCV2 OR.F2 to large scale production of
recombinant PCV2 ORF2. 5 0 x Mf cells/ml of SF>
cells/m! in 700OmL of ExCeIl 420 media was planted in
a 2000OmL Lpplikon Bioreactor. The media and cells
were then incubated at 27C and agitated at !00RPM for
the nesX 68 hours. At the 68!h hour, 4 i 3mL of PCV2
ORF2 Baculovi pis MSV+3 was added to 7000ml.. of
ExCeIl 420 medium. The resultant mixture was then
added to the bioreactor. For the next seven days, the
mixture was incubated at 27C and agitated at 100RFM.
Samples from the bioreactor were extracted even 24
hours beginning at day 4, po st-infect ion and each
sample was centrifuged. The supernatant of the samples
were preserved and the amount of ORF2 was then
quantified using SDS-PAGE densitometry. The results of
this can be seen in fable 3 below: TabledL-ase 3it-Oi
"78-1- F ! Formatted; Swect e b(Sweden) EXAMPLE 4 This
example tests the efficacy of seven PCY2 candidate
uiccmes and further defines parameters following
exposure to a virulent strain of PCV2. One hundred and
eight esarean derived colostrum deprived (CDCD)
piglets, 'M4 da>s o f age. ucre randomly di\icied into
9 groups of equal si/e Table 4 sets forth the General
Slud\ Design for this evORF2 :: isolated vira lRF2:
rORF2 ::: iecombiniint hctilov pus ex] resse_! ORP2:
ktllec! whole cet! virus ~ PCV2 virus grown in
suitable cell culture Seven of {he groups {Groups 1 -
7) received doses of PCV 2 ORF2 polypeptide one of the
groups acted a s a challenge control and received no
PCV2 ORF2. and another groupacted as the strict
negative control group and also received no PCV2 GRF2.
On Day 0, Groups i through 7 were treated with
assigned vaccines. Piglets in. Group 7 were given a
booster treatment on Day 14. Piglets were observed for
adverse events and injection site reactions following
vaccination and on Day 19, piglets were moved to the
second study site. At the second study site. Groups
S-S were group housed in one buiiding vhiie Group 9
was housed in a separate building. All pigs -received
keyhole limpet hemoevaniti (KLH (/incomplete Freund~s
adjuvant (ICFA) on Days 2 1 and 27 and on Day 24.
Groups 1-8 were challenged wish a virulent PCV2. Pre-
and post-challenge blood samples were collected for
PCV2 serology. Postchallenge, body weight data for
determination of average daily weight gain (ADWG). and
clinical symptoms, as well as nasal swab samples to
determine nasal shedding of PCV2, were 



collected. Oft Day 49, all surviving pigs were
necropsied, kings were scored for lesions, and
selected tissues were preserved in formalin for
imtmmoMstotliemtstsy (IHC) testing at a lster date.
Materials and Methods This was a partially blinded
vaccination-challenge feasibility study conducted in
CDCD pigs, 9 to 14 days of age on Day 0. To be
included in the study. PCV2 FA titers of sows were <
1:1000. Additionally the serologic status of sows were
from a known PRRSnegative herd. Twenty-eight (28) sows
were tested tor PCV2 serological status. Fourteen (14)
sows had a PCV2 titer of < 1000 and were transferred
to the first study site. One hundred ten ( 1 10)
piglets were delivered by cesarean section sisrgeries
and were available for this study on Day -4. On Day
-3, J08 CDCD pigs at the first study site were weighed
identified with ear tags, blocked by weight and.
randomly assigned to 1 of 9 groups as set forth above
in table 4. If any iesi animal meeting the inclusion
criteria was enrolled in thestudy and was later
excluded for am season Use Jmestigatos and Monitor
consulted m ordci Io determine ilic use of data
collected fiom tiic annual in the final anal) sis I he
date of which enrolled piglets wen: excluded and the
reason for exclusion was documented Imt wlh, no sows,
WCJC excluded L total of 1**8 of an a sdibble 110
pigs. s\eic sandornh assigned to one of V groups on
Daj -1 The two smallcM pigs iNos 17 and 1^) were not
aligned to a gioup and wcic available a s exitas, if
needed Dunnji the course of the studs scv cral aiumals
weie removed Pig 82 (Giotip l>) on Da\ - 1 Pig Ko 56
(Gioup 6) on Da\ 3 Pig Xo 51 (Oioup V) on Da\ 4 Pig Xo
28 {Gioup X) on Da\ 8 Pig No 6$ (Gioup S) on Da\ 7 and
S'lg No 93 {Gioup 4) on D<n 9, were each found dead
prior to cballcngc fhcsc si\ p)gs were not included in
the final stiwh icsuHs Pig no 17 (one of ihc extra
pigs) was. asstgtied to Gioup c> The remamtog e\tia
ptg No 19 was excluded from the stah The formulations
gi\en to each of the gioups were as. foliows Group 1
was designed to administer ImI of Mtal ORF2 <L1)RF2)
containing 16 mg ORF2/m  This was done b\ miving 10 24
ml of urai ORF2 (256 ug/25 mg/ml - 10 24 ml \ORF2>
wsth 3 2 m of 0 5"i> Catbopol and 2 ^6 ml of phosphate
buflered saline at a pH of 7 4 This produced lt> ml of
formulation for group 1 Group 2 was designed to
ddmimstcr Im! of \ORF2 containing S mg \ORF2/ml fhis,
was done h\ mi\mg 5 12 ml of \ORS 2 (128 mg 2^ mg/ml =
^ 12 ml \ORV2 ) with 3 2 ml of o 5% Catbopol and 7 t>8
ml of phosphate buffered sahue at a pH of 7 4 This
produced f(> m! of formulation for gioup 2 Gioup 3 was
designed to administer ImI of \ ORl 2 containing 4 mg
\ORl 2 ml Hiss was done in tnsxing 2 ^6 m l of \ ORl 2
(64 mg''25 mg ml ~ 2 % ml LOR1 2) with 3 2 ml of O5%
Caibopoi and 10 24 ml of phosphate. buffered saline a
t a p l o f 7 4 This produced lf< mi of foi mulation
foi group ^ Group 4 \\as> designed to administer Imi o
f recombinant ORF2 (rtORF2) containing 16 ug rORF2 ml
Fliss was done b\ miMng 2 23 mi of rORF2 {^U mg 2H) mg
ml ~ 2 23 ml r()RF2) with 6 4 ml of 0 L Caibopoi and
23 37 ml of phosphate buffeted saline fit a pH of 7 4
This produced 32ml of formulation for group 4. Group 5
was designed to administer ImS of rORF2 containing Smg
rORF2/ml This was clone by mixing 1.11 ml of rORF2
(256 mg/230 mg/ml ~ i.il ml rORF2) with 6.4 ml of 0.5%
Carbopol and 24.49 ml of phosphate-buffered saline at
&pH o f 7.4. Tlits produced 32 mi of formulation for
group 5. Group 6 was designed to administer Im! of
rORF2 containing S mg rORF2/ml. This \va& done by
mixing 0.56 ml of iORF2 (!28 mg/230 mg/ml - 0.56 mi
rORF2) with 6.4 ml of 0.5% Carbopol and 25.04 mi of
phosphate buffered saline at s pH of 7.4. This
produced 32 ml of formulation for group 6. Group 7 was



designed to administer 2inl of PCV2 whoie killed ceil
vaccine (PCV2 KV) containing the MAX PCV2 RV. This was
done by mixing 56 ml of PCV2 KV with 14 ml of 0.5%
Carbopol. This produced 70 mi of forrmtiafton for
group 7. Finally group 8 was designed to administer
KLH at 0 5 mg/inl or 1.0 mg/m! per 2 mi dose. This was
done by mixing 40 71. ml KLH (7.0 mg protein/mi at 0.5
mg/mi ^ 570 mi (7 0 mg/tnl)(x) = (0 5){570 mi)), 244
29 ml phosphate buffered saline at a pH of 7.4, and
285 mi Freunds adjuvant Table 5 describes the time
frames for the key activities of this Example. Table
5. Study ActivitiesTREATMENT OF PERIPHERAL VASCULAR
DISEASE USING POSTPARTUM-DERTVED CELLS CROSS-REFERENCE
TO RELATED APPLICATIONS [0001J This application claims
benefit to United States Provisional Patent
Application No. 60/754,366, filed December 28, 2005,
the contents of which are incorporated by reference
herein, in their entirety. FIELD OF THE INVENTION
[0002J The invention relates to the field of cell
based or regenerative therapy for peripheral vascular
disease patients, especially those with peripheral
ischemia. In particular, the invention provides cells
derived from postpartum tissue having the capability
to stimulate and support angiogenesis, to improve
blood flow, to regenerate, repair, and improve
skeletal muscle damaged by a peripheral ischemic
event, and to protect skeletal muscle from ischemic
damage. BACKGROUND OF THE INVENTION [0003] Various
publications, including patents, published
applications, technical articles and scholarly
articles are cited throughout the specification. Each
of these cited publications is incorporated by
reference herein, in its entirety. [0004] Peripheral
vascular disease (PVD) can result from atherosclerotic
occlusion of the blood vessels, particularly in limbs
and areas distal from the heart, resulting in
diminished blood flow and insufficient oxygen
perfusion to tissues in the vicinity of and downstream
from the occlusion. PVD is frequently manifest in the
iliac blood vessels, femoral and popliteal blood
vessels, and subclavian blood vessels, and its effects
can be exacerbated by thrombi, emboli, or trauma. It
is estimated that approximately 8-12 million
individuals in the United States, especially among the
elderly population and those with diabetes, are
afflicted with PVD. [0005] Common symptoms of PVD
include cramping in the upper and lower limbs and
extremities, numbness, weakness, muscle fatigue, pain
in the limbs and extremities, hypothermia in the limbs
and extremities, discoloration of the extremities, dry
or scaly skin, and hypertension. The most common
symptom is claudication, or feelings of pain,
tightness, and fatigue in musclesdownstream of the
occluded blood vessel that occur during some form of
exercise such as walking, but self-resolve after a
period of rest. [0006] In terms of pathophysiology,
the occluded blood vessels cause ischemia of tissues
at the site of and distal to the obstruction. This
ischemia is generally referred to as peripheral
ischemia, meaning that it occurs in locations distal
to the heart. The severity of the ischemia is a
function of the size and number of obstructions,
whether the obstruction is near a muscle or organ, and
whether there is sufficient redundant vasculature. In
more severe cases, the ischemia results in death of
the affected tissues, and can result in amputation of
affected limbs, or even death of the patient. [0007]
Current methods for treatment of more severe cases of
PVD include 



chemotherapeutic regimens, angioplasty, insertion of
stents, reconstructive surgery, bypass grafts,
resection of affected tissues, or amputation.
Unfortunately, for many patients, such interventions
show only limited success, and many patients
experience a worsening of the conditions or symptoms.
[0008] Presently, there is interest in using either
stem cells, which can divide and differentiate, or
muscles cells from other sources, including smooth and
skeletal muscles cells, to assist the in. the repair
or reversal of tissue damage. Transplantation of stem
cells can be utilized as a clinical tool for
reconstituting a target tissue, thereby restoring
physiologic and anatomic functionality. The
application of stem cell technology is wide-ranging,
including tissue engineering, gene therapy delivery,
and cell therapeutics, i.e., delivery of
biotherapeutic agents to a target location via
cxogcnously supplied living cells or cellular
components that produce or contain those agents (For a
review, see Tresco, P.A. et ah, (2000) AdvancedDrug
Delivery Reviews 42:2-37). The identification of stem
cells has stimulated research aimed at the selective
generation of specific cell types for regenerative
medicine. [0009] One obstacle to realization of the
therapeutic potential of stem cell technology has been
the difficulty of obtaining sufficient numbers of stem
cells. Embryonic, or fetal tissue, is one source of
stem cells. Embryonic stem and progenitor cells have
been isolated from a number of mammalian species,
including humans, and several such cell types have
been shown capable of self-renewal and expansion, as
well differentiation into a number of different cell
lineages. But the derivation of stem cells from
embryonic or fetal sources has raised many ethical and
moral issues that are desirable to avoid by
identifying other sources of multipotent or
pluripotent cells. [0010] Postpartum tissues, such as
the umbilical cord and placenta, have generated
interest as an alternative source of stem cells. For
example, methods for recovery of stem cellsby
perfusion of the placenta or collection from umbilical
cord blood or tissue have been described. A limitation
of stem cell procurement from these methods has been
an inadequate volume of cord blood or quantity of
cells obtained, as well as heterogeneity in, or lack
of characterization of, the populations of cells
obtained from those sources. [0011] A reliable,
well-characterized and plentiful supply of
substantially homogeneous populations of such cells
having the ability to differentiate into an array of
skeletal muscle, pericyte, or vascular lineages would
be an advantage in a variety of diagnostic and
therapeutic applications for skeletal muscle repair,
regeneration, and improvement, for the stimulation
and/or support of angiogenesis, and for the
improvement of blood flow subsequent to a peripheral
ischemic event, particularly in PVD patients. SUMMARY
OF THE INVENTION [0012] One aspect of the invention
features method of treating a patient having
peripheral vascular disease, the method comprising
administering to the patient postpartumderived cells
in an amount effective to treat the peripheral
vascular disease, wherein the postpartum-derived cells
are derived from human placental or umbilical cord
tissue substantially free of blood, wherein the cells
are capable of self-renewal and expansion in culture
and have the potential to differentiate into cells of
at least a skeletal muscle, vascular smooth muscle,
pericyte, or vascular endothelium phenotype; wherein
the cells require L-valine for growth and can grow in
at least about 5% oxygen; wherein the cells further
comprise at least one of the following
characteristics: (a) potential for at least about 40
doublings in culture; (b) attachment and 



expansion on a coated or uncoated tissue culture
vessel, wherein the coated tissue culture vessel
comprises a coating of gelatin, laminin, collagen,
polyornithine, vitronectin, or fibronectin; (c)
production of at least one of tissue factor, vimentin,
and alpha-smooth muscle actin; (d) production of at
least one of CDlO, CD13, CD44, CD73, CD90,
PDGFr-alpha, PD-L2 and HLAA, B,C; (c) lack of
production of at least one of CD31, CD34, CD45, CD80,
CD86, CDl 17, CD141, CD178, B7-H2, HLA-G, and
HLA-DR,DP,DQ, as detected by flow cytometry; (f)
expression of a gene, which relative to a human cell
that is a fibroblast, a mesenchymal stem cell, or an
ileac crest bone marrow cell, is increased for at
least one of a gene encoding: interleukin 8; reticulon
1; chemokine (C-X-C motif) ligand 1 (melonoma growth
stimulating activity, alpha); chemokine (C-X-C motif)
ligand 6 (granulocyte chemotactic protein 2);
chemokine (C-X-C motif) ligand 3; tumor necrosis
factor, alpha-induced protein 3; C-type lectin
superfamily member 2; Wilms tumor 1; aldehyde
dehydrogenase 1 family member A2; renin; oxidized low
density lipoprotein receptor 1; Homo sapiens clone
IMAGE:4179671; protein kinase C zeta; hypothetical
protein DKFZp564F013; downregulatedin ovarian cancer
1; and Homo sapiensgene from clone DKFZp547kl 113; (g)
expression of a gene, which relative to a human cell
that is a fibroblast, a mesenchymal stem cell, or an
ileac crest bone marrow cell, is reduced for at least
one of a gene encoding: short stature homeobox 2; heat
shock 27 kDa protein 2; chemokine (C-X-C motif) ligand
12 (stromal cell-derived factor 1); elastin
(supravalvular aortic stenosis, Williams-Beuren
syndrome); Homo sapiens rnRNA; cDNA DKFZp586M2022
(from clone DKFZp586M2022); mesenchyme homeo box 2
(growth arrest-specific homeo box); sine oculis
homeobox homolog 1 (Drosophila); crystallin, alpha B;
disheveled associated activator of morphogenesis 2;
DKFZP586B2420 protein; similar to neuralin 1;
tetranectin (plasminogen binding protein); src
homology three (SH3) and cysteine rich domain;
cholesterol 25- hydroxylase; runt-related
transcription factor 3; interleukin 11 receptor,
alpha; procollagen Cendopeptidase enhancer; frizzled
homolog 7 (Drosophila); hypothetical gene BC008967;
collagen, type VIII, alpha 1; tenascin C
(hexabrachion); iroquois homeobox protein 5;
hephaestin; integrin, beta 8; synaptic vesicle
glycoprotein 2; neuroblastoma, suppression of
tumorigenicity 1; insulin-like growth factor binding
protein 2, 36kDa; Homo sapiens cDNA FLJ12280 fis,
clone MAMMA 1001744; cytokine receptor-like factor 1;
potassium intermediate/small conductance
calcium-activated channel, subfamily N, member 4;
integrin, beta 7; transcriptional co-activator with
PDZ-binding motif (TAZ); sine oculis homeobox homolog
2 (Drosophila); KIAA 1034 protein; vesicle-associated
membrane protein 5 (myobrevin); EGF-containing
fibulin-like extracellular matrix protein 1; early
growth response 3; distal-less homeo box 5;
hypothetical protein FLJ20373; aldo-keto reductase
family 1, member C3 (3-alpha hydroxystcroid
dehydrogenase, type II); biglycan; transcriptional
coactivator with PDZ-binding motif (TAZ); fibronectin
1; proenkephalin; integrin, beta-like 1 (with EGF-like
repeat domains); Homo sapiens mRNA full length insert
cDNA clone EUROIMAGE 1968422; EphA3; KIAA0367 protein;
natriuretic peptide receptor C/guanylate cyclase C
(atrionatriurctic peptide receptor C); hypothetical
protein FLJl 4054; Homo sapiens mRNA; cDNA
DKFZp564B222 (from clone DKFZp564B222);
BCL2/adenovirus ElB 19kDa interacting protein 3-like;
AE binding protein 1; cytochrome c oxidase subunit
Vila polypeptide 1 (muscle); similar to neuralin 1; B
cell translocation gene 1; hypothetical protein
FLJ23191; and DKFZp586L151; (h) secretion of at least
one of MCP-I, IL-6, IL-8, GCP-2, HGF, KGF FGF, HB-EGF,
BDNF, TPO, MTPl a, RANTES, and TTMPl ; and (i) lack of
secretion of at least one of 



TGF-beta2, ANG2, PDGFbb, MIPIb, 1309, MDC, and VEGF as
detected by ELISA. [00131 In a particular embodiment,
the peripheral vascular disease is peripheral
ischemia. In certain embodiments, the cells are
induced in vitro to differentiate into a skeletal
muscle, vascular smooth muscle, pericyte, or vascular
endothelium lineage cells prior toadministration. In
other embodiments, the cells are genetically
engineered to produce a gene product that promotes
treatment of peripheral vascular disease. [0014] In
some embodiments of the method, cells are administered
with at least one other cell type, which may include
skeletal muscle cells, skeletal muscle progenitor
cells, vascular smooth muscle cells, vascular smooth
muscle progenitor cells, pericytes, vascular
endothelial cells, vascular endothelium progenitor
cells, or other multipotent or pluripotent stem cells.
The other cell type can administered simultaneously
with, or before, or after, the postpartum-derived
cells. [0015] In other embodiments, the cells are
administered with at least one other agent, which may
be an antithrombogenic agent, an anti-inflammatory
agent, an immunosuppressive agent, an immunomodulatory
agent, pro-angiogenic, or an antiapoptotic agent, for
example. The other agent can be administered
simultaneously with, or before, or after, the
postpartum-derived cells. [0016] The are preferably
administered at or proximal to the sites of the
peripheral ischemia, but can also be administered at
sites distal to the peripheral ischemia. They can be
administered by injection, infusion, a device
implanted in the patient, or by implantation of a
matrix or scaffold containing the cells. The cells may
exert a trophic effect, such as proliferation, on the
skeletal muscle, vascular smooth muscle or vascular
endothelium of the patient. The cells may induce
migration of skeletal muscle cells, vascular smooth
muscle cells, vascular endothelial cells, skeletal
muscle progenitor cells, pericytes, vascular smooth
muscle progenitor cells, or vascular endothelium
progenitor cells to the site or sites of peripheral
vascular disease, such as peripheral ischemia. [0017]
Another aspect of the invention features
pharmaceutical compositions and kits for treating a
patient having a peripheral vascular disease,
comprising a pharmaceutically acceptable carrier and
the postpartum-derived cells described above or
preparations made from such postpartum-derived cells.
In some preferred embodiments, the preparations
comprise FGF and HGF. The pharmaceutical compositions
and kits are designed and/or formulated for practicing
the methods of the invention as outlined above. [0018]
According to another aspect of the invention, the
above-described methods may be practiced using a
preparation made from the postpartum-derived cells,
wherein the preparation comprises a cell lysate of the
postpartum-derived cells, an extracellular matrix of
the postpartum-derived cells or a conditioned medium
in which the postpartum-derived cells were grown. It
is preferred that such preparations comprise FGF and
HGF.[0019] Other aspects of the invention feature
pharmaceutical compositions and kits containing
preparations comprising cell lysates, extracellular
matrices or conditioned media of the
postpartum-derived cells. [0020] Other features and
advantages of the invention will be understood by
reference to the detailed description and examples
that follow. BRIEF DESCRIPTION OF THE DRAWINGS [0021]
Figure 1 shows the effect of hUTC lot#120304, MSCs,
and fibroblasts on the proliferation of endothelial
cells. Endothelial cells were seeded onto the bottom
of a 24-well 



tissue culture dish at a density of 5000 cells/cm2
(10,000 cells/well) and hUTC lot#120304, MSCs 5or
fibroblasts inside transwell inserts at a density of
5000 cells/cm2 (1,650 cells/insert) in co-culture
media (Hayflick 80% + EGM-2MV 20% or Hayflick 50% +
EGM-2MV 50%). After 7 days of co-culture, cells were
harvested and counted using a Guava instrument.
Endothelial cells were also maintained in EGM-2MV
media as positive control. A, HUVECs. B, HCAECs. C,
HIAECs. [00221 Figure 2 shows the effect of hUTC
lot#120304 and neutralizing antibodies on the
proliferation of endothelial cells. HUVECs or HCAECs
were seeded onto the bottom of a 24- well tissue
culture dish at a density of 5000 cells/cm2 (10,000
cells/well) and hUTC lot#120304 inside transwell
inserts at a density of 5000 cells/cm2 (1,650
cells/insert) in co-culture media (Hayflick 50% +
EGM-2MV 50%). Neutralizing antibodies to FGF (7
mg/ml), HGF (1 mg/ml), or VEGF ( 1mg/ml) were also
added at this time. After 7 days of co-culture, cells
were harvested and counted using a Guava instrument.
Endothelial cells were also maintained in EGM-2MV
media as positive control. Cells treated with growth
factor alone and growth factor plus neutralizing
antibodies are shown. A, HUVECs. B, HCAECs. [0023]
Figure 3 shows the effect of hUTC lot#120304 cell
lysate and neutralizing antibodies on proliferation of
HUVECs. HUVECs were seeded onto the bottom of a
24-wcll tissue culture dish at a density of 5000
cells/cm2 (10,000 cells/well) in EGM-2MV media for 8h.
Cells were then serum-starved by overnight incubation
in 0.5 ml of EGM-2MV media containing 0.5% FBS and
without growth factors. Afterwards, FBS, freshly
prepared hUTC lot#120304 cell lysates, and
neutralizing antibodies to FGF (7 mg/tnl) or HGF ( 1
mg/ml) were added. After 4 days of culture, cells were
harvested and counted using a Guava instrument. Light
grey bars, media controls. Medium grey bars, HUVECs
incubated with lysate containing 62.5 mg of protein.
Dark grey bars, HUVECs incubated with lysate
containing 125 mg of protein. [0024] Figure 4 shows
the effect of hUTCs and MSCs on the migration of
endothelial cells. HUVECs or HCAECs were seeded inside
transwell inserts at a density of 5000
cells/cm2(23,000 cells/insert) and hUTC lot#120304 or
MSCs onto the bottom of a 6-weli tissue culture dish
at a density of 5000 cells/cm 2 (48,000 cells/well) in
co-culture media (Hayfiick 50% + EGM-2MV 50%). After 7
days of co-culture, cells that were on the underside
of the rranswell insert were harvested and counted
using a Guava instrument. Endothelial cells were also
maintained in EGM-2MV media as control. A, HUVECs. B,
HCAECs. [0025] Figure 5 shows the effect of hUTC
lot#120304 and neutralizing antibodies on the
migration of endothelial cells. HUVECs or HCAECs were
seeded inside transwell inserts at a density of 5000
cells/cm 2 (23,000 cells/insert) and hUTC lot#120304
onto the bottom of a 6- well tissue culture dish at a
density of 5000 cells/cm 2 (48,000 cells/well) in
co-culture media (Hayfiick 50% + EGM-2MV 50%).
Neutralizing antibodies to FGF (7 m.g/m.1) or HGF ( 1
mg/ml) were added at this time. After 7 days of
co-culture, cells that were on the underside of the
transwell insert were harvested and counted using a
Guava instrument. Endothelial cells were also
maintained in EGM-2MV media as control. A, HUVECs. B,
HCAECs. DETAILED DESCRIPTION [0026] Various terms are
used throughout the specification and claims. Such
terms are to be given their ordinary meaning in the
art unless otherwise indicated. Other specifically
defined terms are to be construed in a manner
consistent with the definition provided herein. [0027]
Stem cells are undifferentiated cells defined by the
ability of a single cell both to 



self-renew, and to differentiate to produce progeny
cells, including self-renewing progenitors,
non-renewing progenitors, and terminally
differentiated cells. Stem cells are also
characterized by their ability to differentiate in
vitro into functional cells of various cell lineages
from multiple germ layers (endoderm, mesoderm and
ectoderm), as well as to give rise to tissues of
multiple germ layers following transplantation, and to
contribute substantially to most, if not all, tissues
following injection into blastocysts. [0028] Stem
cells arc classified according to their developmental
potential as: (1) totipotent; (2) pluripotent; (3)
multipotent; (4) oligopotent; and (5) unipotent.
Totipotent cells are able to give rise to all
embryonic and extraembryonic cell types. Pluripotent
cells are able to give rise to all embryonic cell
types. Multipotent cells include those able to give
rise to a subset of cell lineages, but all within a
particular tissue, organ, or physiological system. For
example, hematopoietic stem cells (HSC) can produce
progeny that include HSC (self-renewal), blood
cell-restricted oligopotent progenitors, and all cell
types and elements (e.g., platelets) that are normal
components of the blood. Cells that are oligopotent
can give rise to a more restricted subset of cell
lineages than multipotent stem cells. Cells that are
unipotent are able to give rise to a single cell
lineage (e.g., spermatogenic stem cells).[0029] Stem
cells are also categorized on the basis of the source
from which they are obtained. An adult stem cell is
generally a multipotent undifferentiated cell found in
tissue comprising multiple differentiated cell types.
The adult stem cell can renew itself. Under normal
circumstances, it can also differentiate to yield the
specialized cell types of the tissue from which it
originated, and possibly other tissue types. An
embryonic stem cell is a pluripotent cell from the
inner cell mass of a blastocyst-stage embryo. Afetal
stem cell is one that originates from fetal tissues or
membranes. postpartum stem cell is a multipotent or
pluripotent cell that originates substantially from
extraembryonic tissue available after birth, namely,
the placenta and the umbilical cord. These cells have
been found to possess features characteristic of
pluripotent stem cells, including rapid proliferation
and the potential for differentiation into many cell
lineages. Postpartum stem cells may be blood-derived
(e.g., as are those obtained from umbilical cord
blood) or non-blood-derived (e.g., as obtained from
the non-blood tissues of the umbilical cord and
placenta). [0030] Embryonic tissue is typically
defined as tissue originating from the embryo (which
in humans refers to the period from fertilization to
about six weeks of development. Fetal tissue refers to
tissue originating from the fetus, which in humans
refers to the period from about six weeks of
development to parturition. Extraembryonic tissue is
tissue associated with, but not originating from, the
embryo or fetus. Extraembryonic tissues include
extraembryonic membranes (chorion, amnion, yolk sac
and allantois), umbilical cord and placenta (which
itself forms from the chorion and the maternal decidua
basalis). [0031] Differentiation is the process by
which an unspccializcd ("uncommitted") or less
specialized cell acquires the features of a
specialized cell, such as a nerve cell or a muscle
cell, for example. A differentiated cell is one that
has taken on a more specialized ("committed") position
within the lineage of a cell. The term committed, when
applied to the process of differentiation, refers to a
cell that has proceeded in the differentiation pathway
to a point where, under normal circumstances, it will
continue to differentiate into a specific cell type or
subset of cell types, and cannot, under normal
circumstances, differentiate into a different cell
type or revert to a less differentiated cell type.
De-differentiation refers to the process by which a
cell 



reverts to a less specialized (or committed) position
within the lineage of a cell. As used herein, the
lineage of a cell defines the heredity of the cell,
i.e. which cells it came from and what cells it can
give rise to. The lineage of a cell places the cell
within a hereditary scheme of development and
differentiation. [0032] In a broad sense, a progenitor
cell is a cell that has the capacity to create progeny
that are more differentiated than itself, and yet
retains the capacity to replenish the poolof
progenitors. By that definition, stem cells themselves
are also progenitor cells, as are the more immediate
precursors to terminally differentiated cells. When
referring to the cells of the present invention, as
described in greater detail below, this broad
definition of progenitor cell may be used. In a
narrower sense, a progenitor cell is often defined as
a cell that is intermediate in the differentiation
pathway, i.e., it arises from a stem cell and is
intermediate in the production of a mature cell type
or subset of cell types. This type of progenitor cell
is generally not able to self-renew. Accordingly, if
this type of cell is referred to herein, it will be
referred to as a nonrenewing progenitor cell or as an
intermediate progenitor or precursor cell. [0033] As
used herein, the phrase differentiates into a
mesodermal, ectodermal or endodermal lineage refers to
a cell that becomes committed to a specific
mesodermal, ectodermal or endodermal lineage,
respectively. Examples of cells that differentiate
into a mesodermal lineage or give rise to specific
mesodermal cells include, but are not limited to,
cells that are adipogenic, chondrogenic, cardiogenic,
dermatogenic, hematopoietic, hemangiogenic, myogenic,
nephrogenic, urogenito genie, osteogenic,
pericardiogenic, or stromal. Examples of cells that
differentiate into ectodermal lineage include, but are
not limited to epidermal cells, neurogenic cells, and
neurogliagenic cells. Examples of cells that
differentiate into endodermal lineage include, but are
not limited to, pleurigenic cells, hepatogenic cells,
cells that give rise to the lining of the intestine,
and cells that give rise to pancreogenic and
splanchogenic cells. [0034] The cells used in the
present invention are generally referred to postpartum
cells or postpartum-derived cells (PYDCs). They also
may sometimes be referred to more specifically as
umbilicus-derived cells (UDCs) or placenta-derived
cells (PDCs,). In addition, the cells may be described
as being stem or progenitor cells, the latter term
being used in the broad sense. The term derived is
used to indicate that the cells have been obtained
from their biological source and grown or otherwise
manipulated in vitro (e.g., cultured in a Growth
Medium to expand the population and/or to produce a
cell line). The in vitro manipulations of umbilical
stem cells and the unique features of the
umbilicus-derived cells of the present invention are
described in detail below. [0035] Pericytes, also
known in the art as Rouget cells or mural cells,
refers to the cells typically found embedded within
the vascular basement membrane of blood microvessels
(Armulik A et al. (2005) Circ. Res. 97:51 2-23), that
are believed to play a role in, among other things,
communication/signalling with endothelial cells,
vasoconstriction, vasodilation, the regulation of
blood flow, blood vasculature formation and
development, angiogenesis, and endothelial
differentiation and growth arrest (Bergers G et al.
(2005) Neuro-Oncology 7:452-64).[0036] Various terms
are used to describe cells in culture. Cell culture
refers generally to cells taken from a living organism
and grown under controlled condition ("in culture" or
"cultured"). A primary cell culture is a culture of
cells, tissues, or organs taken directly from an
organism(s) before the first subculture. Cells are
expanded in culture when they are placed in a Growth
Medium under conditions that facilitate cell growth
and/or division, resulting in a larger population of
the cells. When cells are expanded in culture, the
rate of cell proliferation is 



sometimes measured by the amount of time needed for
the cells to double in number. This is referred to as
doubling time. [0037] A cell line is a population of
cells formed by one or more subcultivations of a
primary cell culture. Each round of subculturing is
referred to as apassage. When cells are subcultured,
they are referred to as having been passaged. A
specific population of cells, or a cell line, is
sometimes referred to or characterized by the number
of times it has been passaged. For example, a cultured
cell population that has been passaged ten times may
be referred to as a PlO culture. The primary culture,
i.e., the first culture following the isolation of
cells from tissue, is designated PO. Following the
first subculture, the cells are described as a
secondary culture (Pl or passage 1). After the second
subculture, the cells become a tertiary culture (P2 or
passage 2), and so on. It will be understood by those
of skill in the art that there may be many population
doublings during the period of passaging; therefore
the number of population doublings of a culture is
greater than the passage number. The expansion of
cells (i.e., the number of population doublings)
during the period between passaging depends on many
factors, including but not limited to the seeding
density, substrate, medium, growth conditions, and
time between passaging. [0038] A conditioned medium is
a medium in which a specific cell or population of
cells has been cultured, and then removed. When cells
are cultured in a medium, they may secrete cellular
factors that can provide trophic support to other
cells. Such trophic factors include, but are not
limited to hormones, cytokines, extracellular matrix
(ECM), proteins, vesicles, antibodies, and granules.
The medium containing the cellular factors is the
conditioned medium. [0039] Generally, a trophicfactor
is defined as a substance that promotes survival,
growth, proliferation and/or maturation of a cell, or
stimulates increased activity of a cell. [0040] When
referring to cultured vertebrate cells, the term
senescence (also replicative senescence or cellular
senescence) refers to a property attributable to
finite cell cultures; namely, their inability to grow
beyond a finite number of population doublings
(sometimes referred to as Hayflick' s limit). Although
cellular senescence was first described using
fibroblast-like cells,most normal human cell types
that can be grown successfully in culture undergo
cellular senescence. The in vitro lifespan of
different cell types varies, but the maximum lifespan
is typically fewer than 100 population doublings (this
is the number of doublings for all the cells in the
culture to become senescent and thus render the
culture unable to divide). Senescence does not depend
on chronological time, but rather is measured by the
number of cell divisions, or population doublings, the
culture has undergone. Thus, cells made quiescent by
removing essential growth factors are able to resume
growth and division when the growth factors are re
introduced, and thereafter carry out the same number
of doublings as equivalent cells grown continuously.
Similarly, when cells are frozen in liquid nitrogen
after various numbers of population doublings and then
thawed and cultured, they undergo substantially the
same number of doublings as cells maintained unfrozen
in culture. Senescent cells are not dead or dying
cells; they are actually resistant to programmed cell
death (apoptosis), and have been maintained in their
nondividing state for as long as three years. These
cells are very much alive and metabolically active,
but they do not divide. The nondividing state of
senescent cells has not yet been found to be
reversible by any biological, chemical, or viral
agent. [0041] As used herein, the term growth medium
generally refers to a medium sufficient 



for the culturing of postpartum-derived cells. In
particular, one presently preferred medium for the
culturing of the cells of the invention in comprises
Dulbecco's Modified Essential Media (DMEM).
Particularly preferred is DMEM-low glucose (DMEM-LG)
(Invitrogen, Carlsbad, CA). The DMEM-LG is preferably
supplemented with serum, most preferably fetal bovine
scrum or human scrum. Typically, 15% (v/v) fetal
bovine scrum (e.g. defined fetal bovine serum,
Hyclone, Logan UT) is added, along with
antibiotics/antimycotics ((preferably 100
Unit/milliliter penicillin, 100 milligrams/milliliter
streptomycin, and 0.25 microgram/milliliter
amphotericin B; Invitrogen, Carlsbad, CA)), and 0.001%
(v/v) 2-mercaptoethanol (Sigma, St. Louis MO). In some
cases different growth media arc used, or different
supplementations arc provided, and these are normally
indicated in the text as supplementations to Growth
Medium. In certain chemically-defined media the cells
may be grown without serum present at all. In such
cases, the cells may require certain growth factors,
which can be added to the medium to support and
sustain the cells. Presently preferred factors to be
added for growth on serum-free media include one or
more of bFGF, EGF, TGF-T, and PDGF. Tn more preferred
embodiments, two, three or all four of the factors are
add to serum free or chemically defined media. In
other embodiments, LIF is added to serum-free medium
to support or improve growth of the cells. [0042] Also
relating to the present invention, the term standard
growth conditions, as used herein refers to culturing
of cells at 37C, in a standard atmosphere comprising
5% CO ,.Relative humidity is maintained at about 100%.
While the foregoing conditions are useful for
culturing, it is to be understood that such conditions
are capable of being varied by the skilled artisan who
will appreciate the options available in the art for
culturing cells. [0043] The term effective amount
refers to a concentration or amount of a compound,
material, or composition, as described herein, that is
effective to achieve a particular biological result.
Such results include, but are not limited to, the
regeneration, repair, or improvement of skeletal
tissue, the improvement of blood flow, and/or the
stimulation and/or support of angiogenesis in
peripheral ischemia patients. Such effective activity
may be achieved, for example, by administering the
cells and/or compositions of the present invention to
peripheral ischemia patients. With respect to PPDCs as
administered to a patient in vivo, an effective amount
may range from as few as several hundred or fewer to
as many as several million or more. In specific
embodiments, an effective amount may range from
103-10u , more specifically at least about 10 cells.
Tt will be appreciated that the number of cells to be
administered will vary depending on the specifics of
the disorder to be treated, including but not limited
to size or total volume/surface area to be treated,
and proximity of the site of administration to the
location of the region to be treated, among other
factors familiar to the medicinal biologist. [0044J
The terms treat, treating or treatment refer to any
success or indicia of success in the attenuation or
amelioration of an injury, pathology or condition,
including any objective or subjective parameter such
as abatement, remission, diminishing of symptoms or
making the injury, pathology, or condition more
tolerable to the patient, slowing in the rate of
degeneration or decline, making the final point of
degeneration less debilitating, improving a subject's
physical or mental well-being, or prolonging the
length of survival. The treatment or amelioration of
symptoms can be based on objective or subjective
parameters; including the results of a physical
examination, neurological examination, and/or
psychiatric evaluations. [0045] The terms effective
period (or time) and effective conditions refer to a
period of time or other controllable conditions (e.g.,
temperature, humidity for in vitro methods), necessary



or preferred for an agent or pharmaceutical
composition to achieve its intended result. [0046] The
terms patient or subject are used interchangeably
herein, and refer to animals, preferably mammals, and
more preferably humans, who are treated with the
pharmaceutical or therapeutic compositions or in
accordance with the methods described herein. [0047]
Ischemia refers to any decrease or stoppage in the
blood supply to any bodily organ, tissue, or part
caused by any constriction or obstruction of the
vasculature. Ischemic episode or ischemic event are
used interchangeably herein and refer to any transient
or permanent period of ischemia. Peripheral ischemia
refers to any decrease or stoppage in the blood
supplyto any bodily organ, tissue, or part, excluding
the heart, caused by any constriction or obstruction
of the vasculature. Peripheral vascular disease refers
to diseases of the blood vessels outside the heart and
brain. It often involves a narrowing of the blood
vessels carrying blood to the extremities, and results
from two types of circulation disorders, namely, (1)
functional peripheral vascular disease that involves
short-term spasm that narrows the blood vessels; and
(2) organic peripheral vascular disease that involves
structural changes in the blood vessels, such as
caused by inflammation or fatty blockages, for
example. [0048] The term pharmaceutically acceptable
carrier or medium, which may be used interchangeably
with the term biologically compatible carrier or
medium, refers to reagents, cells, compounds,
materials, compositions, and/or dosage forms that are
not only compatible with the cells and other agents to
be administered therapeutically, but also are, within
the scope of sound medical judgment, suitable for use
in contact with the tissues of human beings and
animals without excessive toxicity, irritation,
allergic response, or other complication commensurate
with a reasonable benefit/risk ratio. As described in
greater detail herein, pharmaceutically acceptable
carriers suitable for use in the present invention
include liquids, semi-solid (e.g., gels) and solid
materials (e.g., cell scaffolds and matrices, tubes
sheets and other such materials as known in the art
and described in greater detail herein). These
semi-solid and solid materials may be designed to
resist degradation within the body (non-biodegradable)
or they may be designed to degrade within the body
(biodegradable, bioerodable). A biodegradable material
may further be bioresorbable or bioabsorbable, i.e.,
it may be dissolved and absorbed into bodily fluids
(water-soluble implants arc one example), or degraded
and ultimately eliminated from the body, either by
conversion into other materials or breakdown and
elimination through natural pathways. The
biodegradation rate can vary according to the desired
release rate once implanted in the body. The matrix
desirably also acts as a temporary scaffold until
replaced by newly grown skeletal muscle, pericytes,
vascular smooth muscle, or vascular endothelial
tissue. Therefore, in one embodiment, the matrix
provides for sustained release of the other agents
used in conjunction with the postpartum-derived cells
and may provide a structure for developing tissue
growth in the patient. In other embodiments, the
matrix simply provides a temporary scaffold for the
developing tissue. The matrix can be in particulate
form (macroparticles greater than 10 microns in
diameter or microparticles less than 10 microns in
diameter), or can be in the form of a structurally
stable, three-dimensional implant (e.g., a scaffold).
The implant can be, for example, a cube, cylinder,
tube, block, film, sheet, or an appropriate anatomical
form.[0049] Several terms are used herein with respect
to cell or tissue transplantation. The terms
autologous transfer, autologous transplantation,
autograft and the like refer to transplantation
wherein the transplant donor is also the transplant
recipient. The terms allogeneic transfer, allogeneic
transplantation, allograft and the like refer to
transplantation 



wherein the transplant donor is of the same species as
the transplant recipient, but is not the recipient. A
cell transplant in which the donor cells have been
histocompatibly matched with a recipient is sometimes
referred to as a syngeneic transfer. The terms
xenogeneic transfer, xenogeneic transplantation,
xenograft and the like refer to transplantation
wherein the transplant donor is of a different species
than the transplant recipient. [0050] In its various
embodiments described herein, the present invention
features methods and pharmaceutical compositions for
treatment of peripheral vascular disease that utilize
progenitor cells and cell populations derived from
postpartum tissues, umbilicus tissue in particular.
These methods and pharmaceutical compositions are
designed to stimulate and support angiogenesis, to
improve blood flow, to regenerate, repair, and improve
skeletal muscle damaged by a peripheral ischemic
event, and/or to protect skeletal muscle from ischemic
damage. The cells, cell populations and preparations
comprising cell lysates, conditioned media and the
like, used in the pharmaceutical preparations and
methods of the present invention are described in
detail in US Patent Publication Nos. 2005/0058631 and
2005/0054098, and also herein below. [0051] According
to the methods described herein, a mammalian placenta
or umbilical cord arc recovered upon or shortly after
termination of cither a full-term or prc-tcrm
pregnancy, for example, after expulsion of after
birth. The postpartum tissue may be transported from
the birth site to a laboratory in a sterile container
such as a flask, beaker, culture dish, or bag. The
container may have a solution or medium, including but
not limited to a salt solution, such as Dulbccco's
Modified Eagle's Medium (DMEM)(also known as
Dulbccco's Minimal Essential Medium) or phosphate
buffered saline (PBS), or any solution used for
transportation of organs used for transplantation,
such as University of Wisconsin solution or
perfluorochemical solution. One or more antibiotic
and/or antimycotic agents, such as but not limited to
penicillin, streptomycin, amphotericin B, gentamicin,
and nystatin, may be added to the medium or buffer.
The postpartum tissue may be rinsed with an
anticoagulant solution such as heparin-containing
solution. It is preferable to keep the tissue at about
4-100C prior to extraction of PPDCs. It is even more
preferable that the tissue not be frozen prior to
extraction of PPDCs. [0052] Isolation of PPDCs
preferably occurs in an aseptic environment. The
umbilical cord may be separated from the placenta by
means known in the art. Alternatively, theumbilical
cord and placenta are used without separation. Blood
and debris are preferably removed from the postpartum
tissue prior to isolation of PPDCs. For example, the
postpartum tissue may be washed with buffer solution,
including but not limited to phosphate buffered
saline. The wash buffer also may comprise one or more
antimycotic and/or antibiotic agents, including but
not limited to penicillin, streptomycin, amphotericin
B, gentamicin, and nystatin. [0053] Postpartum tissue
comprising a whole placenta or a fragment or section
thereof is disaggregated by mechanical force (mincing
or shear forces). In a presently preferred embodiment,
the isolation procedure also utilizes an enzymatic
digestion process. Many enzymes are known in the art
to be useful for the isolation of individual cells
from complex tissue matrices to facilitate growth in
culture. Digestion enzymes range from weakly digestive
(e.g. deoxyribonucleases and the neutral protease,
dispase) to strongly digestive (e.g. papain and
trypsin), and are available commercially. A
nonexhaustive list of enzymes compatible herewith
includes mucolytic enzyme activities,
metalloproteases, neutral proteases, serine proteases
(such as trypsin, chymotrypsin, or elastase), and
deoxyribonucleases. Presently preferred are enzyme 



activities selected from metalloproteases, neutral
proteases and mucolytic activities. For example,
collagenases are known to be useful for isolating
various cells from tissues. Deoxyribonucleases can
digest single-stranded DNA and can minimize
cell-clumping during isolation. Preferred methods
involve enzymatic treatment with for example
collagenase and dispase, or collagenase, dispase, and
hyaluronidase. In certain embodiments, a mixture of
collagenase and the neutral protease dispase are used
in the dissociating step. More specific embodiments
employ digestion in the presence of at least one
collagenase from Clostridium histolyticum, and either
of the protease activities, dispase and thermolysin.
Still other embodiments employ digestion with both
collagenase and dispase enzyme activities. Also
utilized are methods that include digestion with a
hyaluronidase activity in addition to collagenase and
dispase activities. The skilled artisan will
appreciate that many such enzyme treatments are known
in the art for isolating cells from various tissue
sources. For example, the enzyme blends for tissue
disassociation sold under the trade name LIBERASE
(Roche, Indianapolis, IN) are suitable for use in the
instant methods. Other sources of enzymes are known,
and the skilled artisan may also obtain such enzymes
directly from their natural sources. The skilled
artisan is also well-equipped to assess new, or
additional enzymes or enzyme combinations for their
utility in isolating the cells of the invention.
Preferred enzyme treatments are 0.5, 1, 1.5, or 2
hours long or longer. In other preferred embodiments,
the tissue is incubated at 37C during the enzyme
treatment of the dissociation step.[0054] In some
embodiments of the invention, postpartum tissue is
separated into sections comprising various aspects of
the tissue, such as neonatal, neonatal/maternal, and
maternal aspects of the placenta, for instance. The
separated sections then are dissociated by mechanical
and/or enzymatic dissociation according to the methods
described herein. Cells of neonatal or maternal
lineage may be identified by any means known in the
art, for example, by karyotype analysis or in situ
hybridization for a Y chromosome. [0055] Isolated
cells or postpartum tissue from which PPDCs are
derived may be used to initiate, or seed, cell
cultures. Isolated cells are transferred to sterile
tissue culture vessels either uncoated or coated with
extracellular matrix or ligands such as laminin,
collagen (native, denatured or crosslinked), gelatin,
f bronectin, and other extracellular matrix proteins.
PPDCs are cultured in any culture medium capable of
sustaining growth of the cells such as, but not
limited to, DMEM (high or low glucose), advanced DMEM,
DMEM/MCDB 201, Eagle's basal medium, Ham's F10 medium
(FlO), Ham's F-1 2 medium (Fl 2), Tscove's modified
Dulbecco's medium, Mesenchymal Stem Cell Growth Medium
(MSCGM), DMEM/F12, RPMI 1640, and serum/media free
medium sold under the trade name CELL-GRO-FREE
(Mediatch, Inc., Herndon, VA). The culture medium may
be supplemented with one or more components including,
for example, fetal bovine serum (FBS), preferably
about 2-15% (v/v); equine serum (ES); human serum
(HS); beta-mercaptoethanol (BME or 2-ME), preferably
about 0.001% (v/v); one or more growth factors, for
example, platelet-derived growth factor (PDGF),
epidermal growth factor (EGF), fibroblast growth
factor (FGF), vascular endothelial growth factor
(VEGF), insulin-like growth factor-1 (IGF-I),
leukocyte inhibitory factor (LIF) and erythropoietin
(EPO); amino acids, including L-valine; and one or
more antibiotic and/or antimycotic agents to control
microbial contamination, such as penicillin G,
streptomycin sulfate, amphotericin B, gentamicin, and
nystatin, either alone or in combination. The culture
medium preferably comprises Growth Medium as defined
in the Examples below. 



[0056] The cells are seeded in culture vessels at a
density to allow cell growth. In a preferred
embodiment, the cells are cultured at about 0 to about
5 percent by volume CO in air. In some preferred
embodiments, the cells are cultured at about 2 to
about 25 percent O2 in air, preferably about 5 to
about 20 percent O in air. The cells preferably are
cultured at a temperature of about 25 to about 40C and
more preferably are cultured at 37C. The cells are
preferably cultured in an incubator. The medium in the
culture vessel can be static or agitated, for example,
using a bioreactor. PPDCs preferably are grown under
low oxidative stress (e.g., with addition of
glutathione, Vitamin C, Catalase, Vitamin
E,N-Acetylcysteine). "Low oxidativestress," as used
herein, refers to conditions of no or minimal free
radical damage to the cultured cells. [0057] Methods
for the selection of the most appropriate culture
medium, medium preparation, and cell culture
techniques are well known in the art and are described
in a variety of sources, including Doyle et al,
(eds.), 1995, CELL & TISSUE CULTURE: LABORATORY
PROCEDURES, John Wiley & Sons, Chichester; and Ho and
Wang (eds.), 1991, ANIMAL CELL BIORELCTORS,
Butterworth-Heinemann, Boston, which are incorporated
herein by reference. [0058] After culturing the
isolated cells or tissue fragments for a sufficient
period of time, PPDCs will have grown out, either as a
result of migration from the postpartum tissue or cell
division, or both. In some embodiments of the
invention, PPDCs are passaged, or removed to a
separate culture vessel containing fresh medium of the
same or a different type as that used initially, where
the population of cells can be mitotically expanded.
The cells of the invention may be used at any point
between passage 0 and senescence. The cells preferably
are passaged between about 3 and about 25 times, more
preferably are passaged about 4 to about 12 times, and
preferably are passaged 10 or 11 times. Cloning and/or
subcloning may be performed to confirm that a clonal
population of cells has been isolated. [0059] In some
aspects of the invention, the different cell types
present in postpartum tissue are fractionated into
subpopulations from which the PPDCs can be isolated.
Fractionation or selection may be accomplished using
standard techniques for cell separation including, but
not limited to, enzymatic treatment to dissociate
postpartum tissue into its component cells, followed
by cloning and selection of specific cell types,
including but not limited to selection based on
morphological and/or biochemical markers; selective
growth of desired cells (positive selection),
selective destruction of unwanted cells (negative
selection); separation based upon differential cell
agglutinability in the mixed population as, for
example, with soybean agglutinin; freezethaw
procedures; differential adherence properties of the
cells in the mixed population; filtration;
conventional and zonal centrifugation; centrifugal
elutriation (counter-streaming centrifugation); unit
gravity separation; countercurrent distribution;
electrophoresis; and fluorescence activated cell
sorting (FACS). For a review of clonal selection and
cell separation techniques, see Freshney, 1994,
CULTUREOF ANIMAL CELLS: A MANUAL OF BASIC TECHNIQUES,
3rd Ed., Wiley- Liss, Tnc., New York, which is
incorporated herein by reference. [0060] The culture
medium is changed as necessary, for example, by
carefully aspirating the medium from the dish, for
example, with a pipette, and replenishing with fresh
medium. Incubation is continued until a sufficient
number or density of cells accumulate in the dish. The
original explanted tissue sections may be removed and
the remaining cells trypsinizedusing standard
techniques or using a cell scraper. After
trypsinization, the cells are collected, removed to
fresh medium and incubated as above. In some
embodiments, the medium is changed at least once at
approximately 24 hours post-trypsinization to remove
any floating cells. 



The cells remaining in culture are considered to be
PPDCs. [0061] PPDCs may be cryopreserved. Accordingly,
in a preferred embodiment described in greater detail
below, PPDCs for autologous transfer (for either the
mother or child) may be derived from appropriate
postpartum tissues following the birth of a child,
then cryopreserved so as to be available in the event
they are later needed for transplantation. [0062]
PPDCs may be characterized, for example, by growth
characteristics (e.g., population doubling capability,
doubling time, passages to senescence), karyotype
analysis (e.g., normal karyotype; maternal or neonatal
lineage), flow cytometry (e.g., FACS analysis),
immunohistochemistry and/or immunocytochemistry (e.g.,
for detection of epitopes), gene expression profiling
(e.g., gene chip arrays; polymerase chain reaction
(for example, reverse transcriptase PCR, real time
PCR, and conventional PCR)), protein arrays, protein
secretion (e.g., by plasma clotting assay or analysis
of PDC-conditioned medium, for example, by Enzyme
Linked Immunosorbent Assay (ELISA)), mixed lymphocyte
reaction (e.g., as measure of stimulation of PBMCs),
and/or other methods known in the art. [0063] Examples
of PPDCs derived from placental tissue were deposited
with the American Type Culture Collection (ATCC,
Manassas, VA) and assigned ATCC Accession Numbers as
follows: (1) strain designation PLA 071003 (P8) was
deposited June 15, 2004 and assigned Accession No.
PTA-6074; (2) strain designation PLA 071003 (Pl 1) was
deposited June 15 , 2004 and assigned Accession No.
PTA-6075; and (3) strain designation PLA 071003 (P16)
was deposited June 16, 2004 and assigned Accession No.
PTA-6079. Examples of PPDCs derived from umbilicus
tissue were deposited with the American Type Culture
Collection on June 10, 2004, and assigned ATCC
Accession Numbers as follows: (1) strain designation
UMB 022803 (P7) was assigned Accession No. PTA-6067;
and (2) strain designation UMB 022803 (P17) was
assigned Accession No. PTA-6068. [0064] In various
embodiments, the PPDCs possess one or more of the
following growth features (1) they require L-valine
for growth in culture; (2) they are capable of growth
in atmospheres containing oxygen from about 5% to at
least about 20% (3) they have the potential for at
least about 40 doublings in culture before reaching
senescence; and (4) they attach and expand on a coated
or uncoated tissue culture vessel, wherein the coated
tissue culture vessel comprises a coating of gelatin,
laminin, collagen, polyornithine, vitronectin or
fibronectin.[0065] In certain embodiments the PPDCs
possess a normal karyotype, which is maintained as the
cells are passaged. Karyotyping is particularly useful
for identifying and distinguishing neonatal from
maternal cells derived from placenta. Methods for
karyotyping are available and known to those of skill
in the art. [0066] In other embodiments, the PPDCs may
be characterized by production of certain proteins,
including (1) production of at least one of tissue
factor, vimentin, and alpha-smooth muscle actin; and
(2) production of at least one of CDlO, CD13, CD44,
CD73, CD90, PDGFralpha, PD-L2 and HLA-A B C cell
surface markers, as detected by flow cytometry. In
other embodiments, the PPDCs may be characterized by
lack of production of at least one of CD31, CD34,
CD45, CD80, CD86, CDl 17, CD141, CD178, B7-H2, HLA-G
and HLA-DR DP DQ cell surface markers, as detected by
flow cytometry. Particularly preferred are cells that
produce at least two of tissue factor, vimentin, and
alpha-smooth muscle actin. More preferred are those
cells producing all three of the proteins tissue
factor, vimentin, and alpha-smooth muscle actin.
[0067] In other embodiments, the PPDCs may be
characterized by gene expression, 



which relative to a human cell that is a fibroblast, a
mesenchymal stem cell, or an ileac crest bone marrow
cell, is increased for a gene encoding at least one of
interleukin 8; reticulon 1; chemokine (C-X-C motif)
ligand 1 (melonoma growth stimulating activity,
alpha); chemokine (C-X-C motif) ligand 6 (granulocyte
chemotactic protein 2); chemokine (C-X-C motif) ligand
3; tumor necrosis factor, alpha-induced protein 3;
C-type lectin superfamily member 2; Wilms tumor 1;
aldehyde dehydrogenase 1 family member A2; renin;
oxidized low density lipoprotein receptor 1; Homo
sapiens clone IMAGE:4 179671; protein kinase C zcta;
hypothetical protein DKFZp564F013; downregulated in
ovarian cancer 1; and Homo sapiens gene from clone
DKFZp547klll3. [0068] In yet other embodiments, the
PPDCs may be characterized by gene expression, which
relative to a human cell that is a fibroblast, a
mesenchymal stem cell, or an ilcac crest bone marrow
cell, is reduced for a gene encoding at least one of:
short stature homeobox 2; heat shock 27 kDa protein 2;
chemokine (C-X-C motif) ligand 12 (stromal
cell-derived factor 1); elastin (supravalvular aortic
stenosis, Williams-Beuren syndrome); Homo sapiens
rnRNA; cDNA DKFZp586M2022 (from clone DKFZp586M2022);
mesenchyme homeo box 2 (growth arrestspecific homeo
box); sine oculis homeobox homolog 1 (Drosophila);
crystallin, alpha B; disheveled associated activator
of morphogenesis 2; DKFZP586B2420 protein; similar to
neuralin 1; tetranectin (plasminogen binding protein);
src homology three (SH3) and cysteine rich domain;
cholesterol 25-hydroxylase; runt-related transcription
factor 3; interleukin 11 receptor, alpha; procollagen
C-endopeptidase enhancer; frizzled homolog 7
(Drosophila);hypothetical gene BC008967; collagen,
type VIII alpha 1; tenascin C (hexabrachion); iroquois
homeobox protein 5; hephaestin; integrin, beta 8;
synaptic vesicle glycoprotein 2; neuroblastoma,
suppression of tumorigenicity 1; insulin-like growth
factor binding protein 2, 36kDa; Homo sapiens cDNA
FLJ12280 fis, clone MAMMAl 00 1744; cytokine
receptor-like factor 1; potassium intermediate/small
conductance calcium-activated channel, subfamily N,
member 4; integrin, beta 7; transcriptional
co-activator with PDZ-binding motif (TAZ); sine oculis
homeobox homolog 2 (Drosophila); KIAAl 034 protein;
vesicle-associated membrane protein 5 (myobrevin);
EGF-containing fbulin-like extracellular matrix
protein 1; early growth response 3; distal-less homeo
box 5; hypothetical protein FLJ20373; aldo-keto
reductase family 1, member C3 (3-alpha hydroxysteroid
dehydrogenase, type II); biglycan; transcriptional
coactivator with PDZ-binding motif (TAZ); f bronectin
1; proenkephalin; integrin, beta-like 1 (with EGF-like
repeat domains); Homo sapiens mRNA full length insert
cDNA clone EUROIMAGE 1968422; EphA3; KTAA0367protein;
natriuretic peptide receptor C/guanylate cyclase C
(atrionatriuretic peptide receptor C); hypothetical
protein FLJl 4054; Homo sapiens mRNA; cDNA
DKFZp564B222 (from clone DKFZp564B222);
BCL2/adenovirus ElB 19kDa interacting protein 3-like;
AE binding protein 1; and cytochrome c oxidase subunit
Vila polypeptide 1 (muscle). [0069] In other
embodiments, the PPDCs may be characterized by
secretion of at least one of MCP-I, IL-6, IL-8, GCP-2,
HGF, KGF, FGF, HB-EGF, BDNF, TPO, MIPIa, RANTES, and
TIMPl . In some embodiments, the PPDCs may be
characterized by lack of secretion of at least one of
TGF-bcta2, ANG2, PDGFbb, MIPIb, 1309, MDC, and VEGF as
detected by ELISA. [0070] In some preferred
embodiments, the PPDCs are derived from umbilical cord
tissue substantially free of blood, are capable of
self-renewal and expansion in culture, require Lvalinc



for growth, can grow in at least about 5% oxygen, and
comprise at least one of the following
characteristics: potential for at least about 40
doublings in culture; attachment and expansion on a
coated or uncoated tissue culture vessel that
comprises a coating of gelatin, laminin, collagen,
polyornithine, vitronectin, or fibronectin; production
of vimentin and alphasmooth muscle actin; production
of CDlO, CD13, CD44, CD73, and CD90; and, expression
of a gene, which relative to a human cell that is a
fibroblast, a mesenchymal stem cell, or an ileac crest
bone marrow cell, is increased for a gene encoding
interleukin 8 and reticulon 1. In some embodiments,
such PPDCs do not produce CD45 and CDl 17. The PPDCs
as described in this paragraph can be used in methods
for treating a patient having peripheral vascular
disease, can be used in pharmaceutical compositions
for treating peripheral vascular disease, for
example,wherein such compositions comprise the cells
having these characteristics and a pharmaceutically
acceptable carrier, and can be used in kits for
making, using, and practicing such methods and
pharmaceutical compositions as described and
exemplified herein. In addition, the PPDCs as
described in this paragraph can be used to generate
conditioned cell culture media or to make preparations
such as cell extracts and subcellular fractions that
can be used for making, using, and practicing such
methods and pharmaceutical compositions as described
and exemplified herein. [0071] In preferred
embodiments, the cell comprises two or more of the
above-listed growth, protein/surface marker
production, gene expression or substance-secretion
characteristics. More preferred are those cells
comprising, three, four, five or more of the
characteristics. Still more preferred are PPDCs
comprising six, seven, eight or more of the
characteristics. Still more preferred presently are
those cells comprising all of above characteristics.
[0072] Among cells that are presently preferred for
use with the invention in several of its aspects are
postpartum cells having the characteristics described
above and more particularly those wherein the cells
have normal karyotypes and maintain normal karyotypes
with passaging, and further wherein the cells express
each of the markers CDlO, CDl 3, CD44, CD73, CD90,
PDGFr-alpha, and HLA-A B C, wherein the cells produce
the immunologically-detectable proteins which
correspond to the listed markers. Still more preferred
are those cells which in addition to the foregoing do
not produce proteins corresponding to any of the
markers CD31, CD34, CD45, CDl 17, CD141, or
HLA-DR,DP,DQ, as detected by flow cytometry. [0073]
Certain cells having the potential to differentiate
along lines leading to various phenotypes are unstable
and thus can spontaneously differentiate. Presently
preferred for use with the invention are cells that do
not spontaneously differentiate, for example along
myoblast, skeletal muscle, vascular smooth muscle,
pericyte, hcmangiogcnic, angiogenic, vasculogcnic, or
vascular endothelial lines. Preferred cells, when
grown in Growth Medium, axe substantially stable with
respect to the cell markers produced on their surface,
and with respect to the expression pattern of various
genes, for example as determined using a medical
diagnostic test sold under the trade name GENECHIP
(Affymetrix, Inc., Santa Clara, CA). The cells remain
substantially constant, for example in their surface
marker characteristics over passaging, through
multiple population doublings. [0074] Another aspect
of the invention features use of populations of the
PPDCs described above. In some embodiments, the cell
population is heterogeneous. A heterogeneous cell
population of the invention may comprise at least
about 5%, 10%, 20%, 30%, 40%, 50%,60%, 70%, 80%, 90%,
or 95% PPDCs of the invention. The heterogeneous cell
populations of 



the invention may further comprise stem cells or other
progenitor cells, such as myoblasts or other muscle
progenitor cells, hemangioblasts, or blood vessel
precursor cells, or it may further comprise fully
differentiated skeletal muscle cells, smooth muscle
cells, pericytes, or blood vessel endothelial cells.
In some embodiments, the population is substantially
homogeneous, i.e., comprises substantially only PPDCs
(preferably at least about 96%, 97%, 98%, 99% or more
PPDCs). The homogeneous cell population of the
invention may comprise umbilicus- or placenta-derived
cells. Homogeneous populations of umbilicus-derived
cells are preferably free of cells of maternal
lineage. Homogeneous populations of placenta-derived
cells may be of neonatal or maternal lineage.
Homogeneity of a cell population may be achieved by
any method known in the art, for example, by cell
sorting (e.g., flow cytometry) or by clonal expansion
in accordance with known methods. Thus, preferred
homogeneous PPDC populations may comprise a clonal
cell line of postpartum-derived cells. Such
populations are particularly useful when a cell clone
with highly desirable functionality has been isolated.
[0075] Also provided herein is the use of populations
of cells incubated in the presence of one or more
factors, or under conditions, that stimulate stem cell
differentiation along a vascular smooth muscle,
vascular endothelial, pericyte, or skeletal muscle
pathway. Such factors are known in the art and the
skilled artisan will appreciate that determination of
suitable conditions for differentiation can be
accomplished with routine experimentation.
Optimization of such conditions can be accomplished by
statistical experimental design and analysis, for
example response surface methodology allows
simultaneous optimization of multiple variables, for
example in a biological culture. Presently preferred
factors include, but are not limited to growth or
trophic factors, chemokines, cytokines, cellular
products, demethylating agents, and other stimuli
which are now known or later determined to stimulate
differentiation, for example, of stem cells along
angiogenic, hcmangiogcnic, vasculogcnic, skeletal
muscle, vascular smooth muscle, pericyte, or vascular
endothelial pathways or lineages. [0076] PPDCs may
also be genetically modified to produce
therapeutically useful gene products, to produce
angiogenic agents to facilitate or support additional
blood vessel formation or growth, or to produce
factors to recruit endothelial progenitor cells to the
area of ischemic damage. Endothelial progenitor cells
facilitate vasculogenesis and blood flow, particularly
following an ischemic event (Urbich C and Dimmeler S
(2004) Circ. Res. 95:343-53). Factors that play a role
in endothelial cell recruitment include, but are not
limited to VEGF, stromal derived factor-1 (SDF-I),
erythropoietin (EPO), G-CSF, statins, strogen, PPARg ,
CXCR4, FGF, and HGF. Genetic modification may be
accomplished using any of a variety of
vectorsincluding, but not limited to, integrating
viral vectors, e.g., retrovirus vector or
adeno-associated viral vectors; non-integrating
replicating vectors, e.g., papilloma virus vectors,
SV40 vectors, adenoviral vectors; or
replication-defective viral vectors. Other methods of
introducing DNA into cells include the use of
liposomes, electroporation, a particle gun, or by
direct DNA injection. [0077] Hosts cells are
preferably transformed or transfected with DNA
controlled by or in operative association with, one or
more appropriate expression control elements such as
promoter or enhancer sequences, transcription
terminators, polyadenylation sites, among others, and
a selectable marker. Any promoter may be used to drive
the expression of the inserted gene. For example,
viral promoters include, but are not limited to, the
CMV promoter/enhancer, SV 40, papillomavirus,
Epstein-Barr virus or elastin gene promoter. In some
embodiments, the 



control elements used to control expression of the
gene of interest can allow for the regulated
expression of the gene so that the product is
synthesized only when needed in vivo. Tf transient
expression is desired, constitutive promoters are
preferably used in a non-integrating and/or
replication-defective vector. Alternatively, inducible
promoters could be used to drive the expression of the
inserted gene when necessary. Inducible promoters
include, but are not limited to, those associated with
metallothionein and heat shock proteins. [0078]
Following the introduction of the foreign DNA,
engineered cells may be allowed to grow in enriched
media and then switched to selective media. The
selectable marker in the foreign DNA confers
resistance to the selection and allows cells to stably
integrate the foreign DNA as, for example, on a
plasmid, into their chromosomes and grow to form foci
which, in turn, can be cloned and expanded into cell
lines. This method can be advantageously used to
engineer cell lines that express the gene product.
[0079] The cells of the invention may be genetically
engineered to "knock out" or "knock down" expression
of factors that promote inflammation or rejection at
the implant site. Negative modulatory techniques for
the reduction of target gene expression levels or
target gene product activity levels are discussed
below. "Negative modulation," as used herein, refers
to a reduction in the level and/or activity of target
gene product relative to the level and/or activity of
the target gene product in the absence of the
modulatory treatment. The expression of a gene native
to a skeletal muscle cell, vascular smooth muscle
cell, pericyte, vascular endothelial cell, or
progenitor cells thereof can be reduced or knocked out
using a number of techniques including, for example,
inhibition of expression by inactivating the gene
using the homologous recombination technique.
Typically, an exon encoding an important region of the
protein (or an exon 5' to that region) is interrupted
by a positive selectable marker, e.g., neo, preventing
theproduction of normal mRNA from the target gene and
resulting in inactivation of the gene. A gene may also
be inactivated by creating a deletion in part of a
gene, or by deleting the entire gene. By using a
construct with two regions of homology to the target
gene that are far apart in the genome, the sequences
intervening the two regions can. be deleted (Mombaerts
et ah, 1991, Proc. Nat. Acad. Sd. U.S.A. 88:3084).
Antisense., DNAzymes, ribozymes, small interfering RNA
(siRNA) and other such molecules that inhibit
expression of the target gene can also be used to
reduce the level of target gene activity. For example,
antisense RNA molecules that inhibit the expression of
major histocompatibility gene complexes (HLA) have
been shown to be most versatile with respect to immune
responses. Still further, triple helix molecules can
be utilized in reducing the level of target gene
activity. These techniques are described in detail by
L.G. Davis et al. (eds), 1994, BASIC METHODS IN
MOLECULAR BIOLOGY, 2nd ed., Appleton & Lange, Norwalk,
CN. [0080] Tn other aspects, the invention utilizes
cell lysates and cell soluble fractions prepared from
PPDCs, or heterogeneous or homogeneous cell
populations comprising PPDCs, as well as PPDCs or
populations thereof that have been genetically
modified or that have been stimulated to differentiate
along a skeletal muscle, vascular smooth muscle,
pericyte, or vascular endothelium pathway. Such
lysates and fractions thereof have many utilities. Use
of the PPDC lysate soluble fraction (i.e.,
substantially free of membranes) in vivo, for example,
allows the beneficial intracellular milieu to be used
allogeneically in a patient without introducing an
appreciable amount of the cell surface proteins most
likely to trigger rejection, or other adverse
immunological responses. Methods of lysing cells arc
well-known in the art and include various 



means of mechanical disruption, enzymatic disruption,
or chemical disruption, or combinations thereof. Such
cell lysates may be prepared from cells directly in
their Growth Medium and thus containing secreted
growth factors and the like, or may be prepared from
cells washed free of medium in, for example, PBS or
other solution. Washed cells may be rcsuspcndcd at
concentrations greater than the original population
density if preferred. [0081] In one embodiment, whole
cell lysates are prepared, e.g., by disrupting cells
without subsequent separation of cell fractions. In
another embodiment, a cell membrane fraction is
separated from a soluble fraction of the cells by
routine methods known in the art, e.g.,
centrifugation, filtration, or similar methods. [0082]
Cell lysates or cell soluble fractions prepared from
populations of postpartumderived cells may be used as
is, further concentrated, by for example,
ultrafiltration or lyophilization, or even dried,
partially purified, combined with
pharmaceutically-acceptable carriers or diluents as
are known in the art, or combined with other compounds
such asbiologicals, for example pharmaceutically
useful protein compositions. Cell lysates or fractions
thereof may be used in vitro or in vivo, alone or for
example, with autologous or syngeneic live cells. The
lysates, if introduced in vivo, may be introduced
locally at a site of treatment, or remotely to
provide, for example needed cellular growth factors to
a patient. [0083] In a further embodiment, PPDCs can
be cultured in vitro to produce biological products in
high yield. PPDCs that either naturally produce a
particular biological product of interest (e.g. , a
trophic factor), or that have been genetically
engineered to produce a biological product, can be
clonally expanded using the culture techniques
described herein. Alternatively, cells may be expanded
in a medium that induces differentiation to a skeletal
muscle, vascular smooth muscle, pericyte, or vascular
endothelial lineage. In each case, biological products
produced by the cell and secreted into the medium can
be readily isolated from the conditioned medium using
standard separation techniques, e.g., such as
differential protein precipitation, ionexchange
chromatography, gel filtration chromatography,
electrophoresis, and HPLC, to name a few. A
"bioreactor" may be used to take advantage of the flow
method for feeding, for example, a three-dimensional
culture in vitro. Essentially, as fresh media is
passed through the threedimensional culture, the
biological product is washed out of the culture and
may then be isolated from the outflow, as above.
[0084] Alternatively, a biological product of interest
may remain within the cell and, thus, its collection
may require that the cells be lysed, as described
above. The biological product may then be purified
using any one or more of the above-listed techniques.
[0085] In other embodiments, the invention utilizes
conditioned medium from cultured PPDCs for use in
vitro and in vivo as described below. Use of the PPDC
conditioned medium allows the beneficial trophic
factors secreted by the PPDCs to be used
allogeneically in a patient without introducing intact
cells that could trigger rejection, or other adverse
immunological responses. Conditioned medium is
prepared by culturing cells in a culture medium, then
removing the cells from the medium. [0086] Conditioned
medium prepared from populations of postpartum-derived
cells may be used as is, further concentrated, for
example, by ultrafiltration or lyophilization, or even
dried, partially purified, combined with
pharmaceutically-acceptable carriers or diluents as
are known in the art, or combined with other compounds
such as biologicals, for example pharmaceutically
useful protein compositions. Conditioned medium may be
used in vitro or in 



vivo, alone or combined with autologous or syngeneic
live cells, for example. The conditioned medium, if
introduced in vivo, may be introduced locally at a
site of treatment, or remotely to provide needed
cellular growth or trophic factors to a patient.[0087]
In another embodiment, an extracellular matrix (ECM)
produced by culturing PPDCs on liquid, solid or
semi-solid substrates is prepared, collected and
utilized as an alternative to implanting live cells
into a subject in need of tissue repair or
replacement. PPDCs are cultured in vitro, on a three
dimensional framework as described elsewhere herein,
under conditions such that a desired amount of ECM is
secreted onto the framework. The cells comprising the
new tissue are removed, and the ECM processed for
further use, for example, as an injectable
preparation. To accomplish this, cells on the
framework are killed and any cellular debris removed
from the framework. This process may be carried out in
a number of different ways. For example, the living
tissue can be flash-frozen in liquid nitrogen without
a cryopreservative, or the tissue can be immersed in
sterile distilled water so that the cells burst in
response to osmotic pressure. [0088] Once the cells
have been killed, the cellular membranes may be
disrupted and cellular debris removed by treatment
with a mild detergent rinse, such as EDTA, CHAPS or a
zwitterionic detergent. Alternatively, the tissue can
be enzymatically digested and/or extracted with
reagents that break down cellular membranes and allow
removal of cell contents. Example of such enzymes
include, but are not limited to, hyaluronidase,
dispase, proteases, and nucleases. Examples of
detergents include non-ionic detergents such as, for
example, alkylaryl polyether alcohol (TRITON X-100),
octylphenoxy polyethoxy-ethanol (Rohm and Haas,
Philadelphia, PA), BRIJ-35, a polyethoxyethanol lauryl
ether (Atlas Chemical Co., San Diego, CA), polysorbate
20 (TWEEN 20), a polyethoxyethanol sorbitan
monolaureate (Rohm and Haas, Philadelphia, PA),
polyethylene lauryl ether (Rohm and Haas,
Philadelphia, PA); and ionic detergents such as sodium
dodecyl sulfate, sulfated higher aliphatic alcohols,
sulfonated alkanes and sulfonated alkylarenes
containing 7 to 22 carbon atoms in a branched or
unbranched chain. [0089] The collection of the ECM can
be accomplished in a variety of ways, depending at
least in part on whether the new tissue has been
formed on a three-dimensional framework that is
biodegradable or non-biodegradable, as in the case of
metals. For example, if the framework is
non-biodegradable, the ECM can be removed by
subjecting the framework to sonication, high pressure
water jets, mechanical scraping, or mild treatment
with detergents or enzymes, or any combination of the
above. [0090] Tf the framework is biodegradable, the
ECM can be collected, for example, by allowing the
framework to degrade or dissolve in solution.
Alternatively, if the biodegradable framework is
composed of a material that can itself be injected
along with the ECM, the framework and the ECM can be
processed in toto for subsequent injection.
Alternatively, the ECM can be removed from the
biodegradable framework by any of the methods
described abovefor collection of ECM from a
non-biodegradable framework. AUcollection processes
are preferably designed so as not to denature the ECM.
[0091] After it has been collected, the ECM may be
processed further. For example, the ECM can be
homogenized to fine particles using techniques well
known in the art such as by sonication, so that it can
pass through a surgical needle. The components of the
ECM can also be crosslinked, if desired, by gamma
irradiation. Preferably, the ECM can be irradiated
between 0.25 to 2 mega rads to sterilize and crosslink
the ECM. Chemical crosslinking using agents that are
toxic, such as glutaraldehyde, is possible but not
generally preferred. 



[0092] The amounts and/or ratios of proteins, such as
the various types of collagen present in the ECM, may
be adjusted by mixing the ECM produced by the cells of
the invention with ECM of one or more other cell
types. In addition, biologically active substances
such as proteins, growth factors and/or drugs, can be
incorporated into the ECM. Exemplary biologically
active substances include tissue growth factors, such
as TGF-beta, and the like, which promote healing and
tissue repair at the site of the injection. Such
additional agents may be utilized in any of the
embodiments described herein above, e.g., with whole
cell lysates, soluble cell fractions, or further
purified components and products produced by the
PPDCs. [0093] In another aspect, the invention
provides pharmaceutical compositions that utilize the
PPDCs, PPDC populations, components and products of
PPDCs in various methods for the treatment of injury
or damage caused by a peripheral ischemic episode.
Certain embodiments encompass pharmaceutical
compositions comprising live cells (PPDCs alone or
admixed with other cell types). Other embodiments
encompass pharmaceutical compositions comprising PPDC
cellular components (e.g., cell lysates, soluble cell
fractions, conditioned medium, ECM, or components of
any of the foregoing) or products (e.g., trophic and
other biological factors produced naturally by PPDCs
or through genetic modification, conditioned medium
from PPDC culture). In cither case, the pharmaceutical
composition may further comprise other active agents,
such as anti-inflammatory agents, anti-apoptotic
agents, antioxidants, growth factors, myotrophic
factors or myoregenerative or myoprotective drugs as
known in the art. [0094] Examples of other components
that may be added to PPDC pharmaceutical compositions
include, but are not limited to: ( 1) other
myobeneficial or myoprotective drugs, or angiobenef
cial or angioprotective drugs; (2) selected
extracellular matrix components, such as one or more
types of collagen known in the art, and/or growth
factors, platelet-rich plasma, and drugs
(alternatively, PPDCs may be genetically engineered to
express and produce growth factors); (3)
anti-apoptotic agents (e.g., erythropoietin (EPO), EPO
mimetibody, thrombopoietin,insulin-like growth factor
(IGF)-I, IGF-II, hepatocyte growth factor, caspase
inhibitors); (4) anti inflammatory compounds {e.g.,
p38 MAP kinase inhibitors, TGF-beta inhibitors,
statins, IL-6 and IL-I inhibitors, Pemirolast,
Tranilast, Remicade (Centocor, Inc., Malvern, PA),
Sirolimus, and non-steroidal anti-inflammatory drugs
(NSAIDS) (such as Tepoxalin, Tolmetin, and Suprafen);
(5) immunosuppressive or immunomodulatory agents, such
as calcineurin inhibitors, mTOR inhibitors,
antiproliferatives, corticosteroids and various
antibodies; (6) antioxidants such as probucol,
vitamins C and E, coenzyme Q-IO, glutathione,
L-cysteine and TNJ-acetylcysteine; (6) local
anesthetics; (7) trophic factors such as Agrin, VEGF,
VEGF-B, VEGF-C, VEGF-D, NEGF-I, NEGF-2, PDGF, GDF,
IGFl, IGF2, EGF and FGF; and, (8) factors that
function in the recruitment and incorporation of
endothelial progenitor cells into ischemic tissue,
such as VEGF, SDF-I, EPO, G-CSF, statins, estrogen,
PPARg, and CXCR4, to name only a few. [0095]
Pharmaceutical compositions of the invention comprise
PPDCs, components or products thereof, including
preparations made from PPDCs, formulated with a
pharmaceutically acceptable carrier or medium.
Suitable pharmaceutically acceptable carriers include
water, salt solution (such as Ringer's solution),
alcohols, oils, gelatins, polyvinyl pyrrolidine,
carbohydrates such as lactose, amylose, or starch,
fatty acid esters, and hydroxymethylcellulose. Such
preparations can be sterilized, and if desired, mixed
with auxiliary agents such as lubricants,
preservatives, stabilizers, wetting agents, emulsif
ers, salts for influencing osmotic pressure, 



buffers, and coloring agents. Pharmaceutical carriers
suitable for use in the present invention are known in
the art and are described, for example, in
Pharmaceutical Sciences (17th Ed., Mack Pub. Co.,
Easton, PA) and WO 96/05309. [0096] Typically, but not
exclusively, pharmaceutical compositions comprising
PPDC components or products, but not live cells, are
formulated as liquids (or as solid tablets, capsules
and the like, when oral delivery is appropriate).
These may be formulated for administration by any
acceptable route known in the art to achieve delivery
of drugs and biological molecules to the target
skeletal muscle, vascular smooth muscle, pericyte, or
vascular endothelial tissue, including, but not
limited to, oral, nasal, ophthalmic and parenteral,
including intravenous. Particular routes of parenteral
administration include, but are not limited to,
intramuscular, subcutaneous, intraperitoneal,
intrathecal, intracisternal, or via syringes with
needles or catheters with or without pump devices.
[0097] Pharmaceutical compositions comprising PPDC
live cells are typically formulated as liquids,
semisolids (e.g., gels) or solids (e.g., matrices,
scaffolds and the like, as appropriate for vascular or
skeletal muscle tissue engineering). Liquid
compositions are formulated for administration by any
acceptable route known in the art to achieve delivery
oflive cells to the target vascular or skeletal muscle
tissues. Typically, these include injection or
infusion, either in a diffuse fashion, or targeted to
the site of peripheral ischemic injury, damage, or
distress, by a route of administration including, but
not limited to, intramuscular, intravenous, or
intra-arterial delivery via syringes with needles
and/or catheters with or without pump devices. [0098]
Pharmaceutical compositions comprising live cells in a
semi-solid or solid carrier are typically formulated
for surgical implantation at the site of ischemic
injury, damage, or distress. It will be appreciated
that liquid compositions also may be administered by
surgical procedures. In particular embodiments,
semi-solid or solid pharmaceutical compositions may
comprise semi-permeable gels, lattices, cellular
scaffolds and the like, which may be non biodegradable
or biodegradable. For example, in certain embodiments,
it may be desirable or appropriate to sequester the
exogenous cells from their surroundings, yet enable
the cells to secrete and deliver biological molecules
(e.g. myotrophic factors, angiotrophic factors, or
endothelial progenitor cell recruitment factors) to
surrounding skeletal muscle or vascular cells. In
these embodiments, cells may be formulated as
autonomous implants comprising living PPDCs or cell
population comprising PPDCs surrounded by a
non-degradable, selectively permeable barrier that
physically separates the transplanted cells from host
tissue. Such implants are sometimes referred to as
"immunoprotective," as they have the capacity to
prevent immune cells and macromolecules from killing
the transplanted cells in the absence of
pharmacologically induced immunosuppression (for a
review of such devices and methods, see, e.g., P.A.
Tresco et al, (2000) Adv. Drug Delivetg Rev. 42:3-27).
[0099] In other embodiments, different varieties of
dcgradablc gels and networks arc utilized for the
pharmaceutical compositions of the invention. For
example, degradable materials particularly suitable
for sustained release formulations include
biocompatible polymers, such as poly(lactic acid),
poly (lactic acid-co-glycolic acid), methylcellulose,
hyaluronic acid, collagen, and the like. The
structure, selection and use of dcgradablc polymers in
drug delivery vehicles have been reviewed in several
publications, including, A. Domb et. al., 1992,
Polymersfor Advanced Technologies 3:279. [0100] In
other embodiments, it may be desirable or appropriate
to deliver the cells on 



or in a biodegradable, preferably bioresorbable or
bioabsorbable, scaffold or matrix. These typically
three-dimensional biomaterials contain the living
cells attached to the scaffold, dispersed within the
scaffold, or incorporated in an extracellular matrix
entrapped in the scaffold. Once implanted into the
target region of the body, these implants become
integrated with the host tissue, wherein the
transplanted cells gradually become established (see,
e.g. , Tresco, PA, et al. (2000) supra; see also
Hutmacher, DW (2001) J. Biomater. ScL Polymer Edn.
12:107-174).[0101] The biocompatible matrix may be
comprised of natural, modified natural or synthetic
biodegradable polymers, including homopolymers,
copolymers and block polymers, as well as combinations
thereof. It is noted that a polymer is generally named
based on the monomer from which it is synthesized.
[0102] Examples of suitable biodegradable polymers or
polymer classes include fibrin, collagen, elastin.
gelatin, vitronectin, fibronectin, laminin, thrombin,
poly(aminoacid), oxidized cellulose, tropoelastin,
silk, ribonucleic acids, deoxyribonucleic acids;
proteins, polynucleotides, reconstituted basement
membrane matrices, starches, dextrans, alginates,
hyaluron, chitin, chitosan, agarose, polysaccharides,
hyaluronic acid, poly(lactic acid), poly(glycolic
acid), polyethylene glycol, decellularized tissue,
self-assembling peptides, polypeptides,
glycosaminoglycans, their derivatives and mixtures
thereof. For both glycolic acid and lactic acid, an
intermediate cyclic dimer is typically prepared and
purified prior to polymerization. These intermediate
dimers are called glycolide and lactide, respectively.
Other useful biodegradable polymers or polymer classes
include, without limitation, aliphatic polyesters,
poly(alkylene oxalates), tyrosine derived
polycarbonates, polyiminocarbonates, polyorthoesters,
polyoxaesters, polyamidoesters, polyoxaesters
containing amine groups, poly(propylene fumarate),
polydioxanones, polycarbonates, polyoxalates,
poly(alpha-hydoxyacids), poly(esters), polyurethane,
poly(ester urethane), poly(ether urethane),
polyanhydrides, polyacetates, polycaprolactones,
poly(orthoesters), polyamino acids, polyamides and
blends and copolymers thereof. Additional useful
biodegradable polymers include, without limitation
stereopolymers of L- and D-lactic acid, copolymers of
bis ara-carboxyphcnoxy) propane and scbacic acid,
scbacic acid copolymers, copolymers of caprolactone,
poly(lactic acid)/poly(glycolic
acid)/polyethyleneglycol copolymers, copolymers of
polyurethane and poly(lactic acid), copolymers of
alpha-amino acids, copolymers of alpha-amino acids and
caproic acid, copolymers of alpha-benzyl glutamatc and
polyethylene glycol, copolymers of succinate and poly
(glycols), polyphosphazene, poly(hydroxyalkanoates)
and mixtures thereof. Binary and ternary systems also
are contemplated. [0103] In general, a suitable
biodegradable polymer for use as the matrix is
desirably configured so that it has mechanical
properties that are suitable for the intended
application, remains sufficiently intact until tissue
has in-grown and healed, does not invoke an
inflammatory or toxic response, is metabolized in the
body after fulfilling its purpose, is easily processed
into the desired final product to be formed,
demonstrates acceptable shelf-life, and is easily
sterilized. [0104] In one aspect of the invention, the
biocompatible polymer used to form the matrix is in
the form of a hydrogel. In general, hydrogels are
cross-linked polymeric materialsthat can absorb more
than 20% of their weight in water while maintaining a
distinct threedimensional structure. This definition
includes dry cross-linked polymers that will swell in
aqueous environments, as well as water-swollen
materials. A host of hydrophilic polymers can be
cross-linked to produce hydrogels, whether the polymer
is of biological origin, semi synthetic, or wholly
synthetic. The hydrogel may be produced from a
synthetic polymeric 



material. Such synthetic polymers can be tailored to a
range of properties and predictable lot-tolot
uniformity, and represent a reliable source of
material that generally is free from concerns of
immunogeniciry. The matrices may include hydrogels
formed from self assembling peptides, as those
discussed in U.S. Patent Nos. 5,670,483 and 5,955,343,
U.S. Patent Application No. 2002/0160471, PCT
Application No. WO02/062969. [0105] Properties that
make hydrogels valuable in drug delivery applications
include the equilibrium swelling degree, sorption
kinetics, solute permeability, and their in vivo
performance characteristics. Permeability to compounds
depends in part upon the swelling degree or water
content and the rate of biodegradation. Since the
mechanical strength of a gel declines in direct
proportion to the swelling degree, it is also well
within the contemplation of the present invention that
the hydrogel can be attached to a substrate so that
the composite system enhances mechanical strength. In
some embodiments, the hydrogel can be impregnated
within a porous substrate, so as to gain the
mechanical strength of the substrate, along with the
useful delivery properties of the hydrogel. [0106]
Non-limiting examples of scaffold or matrix (sometimes
referred to collectively as "framework") that may be
used in the present invention include textile
structures such as weaves, knits, braids, meshes,
non-wovens, and warped knits; porous foams,
semi-porous foams, perforated films or sheets,
microparticles, beads, and spheres and composite
structures being a combination of the above
structures. Nonwoven mats may, for example, be formed
using fibers comprised of a synthetic absorbable
copolymer of glycolic and lactic acids (PGA/PLA), sold
under the tradename VICRYL sutures (Ethicon, Inc.,
Somerville, NJ). Foams, composed of, for example,
poly(epsilon-caprolactone)/poly(glycolic acid)
(PCL/PGA) copolymer, formed by processes such as
freeze-drying, or lyophilized, as discussed in U.S.
Patent No. 6,355,699, also may be utilized. Hydrogels
such as self-assembling peptides {e.g., RAD 16) may
also be used. In situ-formmg degradable networks are
also suitable for use in the invention (see, e.g.,
Anseth, KS et al. (2002) J. Controlled Release
78:199-209; Wang, D. et al, (2003) Biomaterials
24:3969-3980; U.S. Patent Publication 2002/0022676 to
He et al.). These in situ forming materials are
formulated as fluids suitable for injection, then may
be induced to form a hydrogel by a variety of means
such as change in temperature, pH, and exposure to
light in situ or in vivo.[0107] In another embodiment,
the framework is a felt, which can be composed of a
multifilament yarn made from a bioabsorbable material,
e.g., PGA, PLA, PCL copolymers or blends, or
hyaluronic acid. The yarn is made into a felt using
standard textile processing techniques consisting of
crimping, cutting, carding and needling. In another
embodiment, cells are seeded onto foam scaffolds that
may be composite structures. [0108] In many of the
abovementioned embodiments, the framework may be
molded into a useful shape, such as that of a blood
vessel. Furthermore, it will be appreciated that PPDCs
may be cultured on pre-formed, non-degradable surgical
or implantable devices, e.g., in a manner
corresponding to that used for preparing
fibroblast-containing GDC endovascular coils, for
instance (Marx, WF et al. , (2001) Am. J. Neuroradiol.
22:323-333). [0109] The matrix, scaffold or device may
be treated prior to inoculation of cells in order to
enhance cell attachment. For example, prior to
inoculation, nylon matrices can be treated with 0.1
molar acetic acid and incubated in polylysine, PBS,
and/or collagen to coat the nylon. Polystyrene can be
similarly treated using sulfuric acid. The external
surfaces of a framework may also be modified to
improve the attachment or growth of cells and
differentiation 



of tissue, such as by plasma coating the framework or
addition of one or more proteins {e.g., collagens,
elastic fibers, reticular fibers), glycoproteins,
glycosaminoglycans {e.g., heparin sulfate,
chondroitin-4-sulfate, chondroitin-6-sulfate, dermatan
sulfate, keratin sulfate), genetic materials such as
cytokines and growth factors, a cellular matrix,
and/or other materials, including but not limited to,
gelatin, alginates, agar, agarose, and plant gums,
among other factors affecting cell survival and
differentiation. [0110] PPDC-containing frameworks are
prepared according to methods known in the art. For
example, cells can be grown freely in a culture vessel
to sub-confluency or confluency, lifted from the
culture and inoculated onto the framework. Growth
factors may be added to the culture medium prior to,
during, or subsequent to inoculation of the cells to
trigger differentiation and tissue formation, if
desired. Alternatively, the frameworks themselves may
be modified so that the growth of cells thereon is
enhanced, or so that the risk of rejection of the
implant is reduced. Thus, one or more biologically
active compounds, including, but not limited to,
antiinflammatory compounds, immunosuppressants or
growth factors, may be added to the framework for
local release. [0111] PPDCs, parts of PPDCs, or cell
populations comprising PPDCs, or components of or
products produced by PPDCs, may be used in a variety
of ways to support and facilitate the repair,
regeneration, and improvement of skeletal muscle cells
and tissues, to improve bloodflow, and to stimulate
and/or support angiogenesis, especially in peripheral
vascular disease patients. Such utilities encompass in
vitro, ex vivo and in vivo methods. [0112] In one
embodiment, as discussed above, PPDCs can be cultured
in vitro to produce biological products that are
either naturally produced by the cells, or produced by
the cells when induced to differentiate into skeletal
muscle, vascular smooth muscle, pericyte, or vascular
endothelial lineages, or produced by the cells via
genetic modification. For instance, TIMPl, TPO, KGF,
HGF, FGF, HBEGF, BDNF, MIPIb, MCPl, RANTES, 1309,
TARC, MDC, and IL-8 were found to be secreted from
umbilicus-derived cells grown in Growth Medium. TIMPl,
TPO, KGF, HGF, HBEGF5BDNF, MIPIa, MCP-I, RANTES, TARC,
Eotaxin, and IL- 8 were found to be secreted from
placenta-derived PPDCs cultured in Growth Medium (see
Examples). In addition, factors for endothelial
progenitor cell recruitment such as VEGF, SDF- 1, EPO,
G-CSF, statins, estrogen, PPARg , and CXCR4 may be
produced by PPDCs and may be secreted into the growth
medium. Other trophic factors, as yet undetected or
unexamined, of use in skeletal muscle or vascular
repair and regeneration, are likely to be produced by
PPDCs and possibly secreted into the medium. [0113] In
this regard, another embodiment of the invention
features use of PPDCs for production of conditioned
medium, either from undifferentiated PPDCs or from
PPDCs incubated under conditions that stimulate
differentiation into a skeletal muscle or vascular
lineage. Such conditioned media are contemplated for
use in in vitro or ex vivo culture of skeletal muscle,
vascular smooth muscle, pericyte, or vascular
endothelial precursor cells, or in vivo to support
transplanted cells comprising homogeneous populations
of PPDCs or heterogeneous populations comprising PPDCs
and skeletal muscle, vascular smooth muscle, pericyte,
or vascular endothelial progenitors, or to recruit
endothelial progenitor cells to the site of ischemic
injury, for example. [0114] Yet another embodiment
comprises the use of PPDC cell lysatcs, soluble cell
fractions or components thereof, or ECM or components
thereof, for a variety of purposes. As 



mentioned above, some of these components may be used
in pharmaceutical compositions. In other embodiments,
a cell lysate or ECM is used to coat or otherwise
treat substances or devices to be used surgically, or
for implantation, or for ex vivo purposes, to promote
healing or survival of cells or tissues contacted in
the course of such treatments. Tn some preferred
embodiments, such preparations made from PPDCs
comprise FGF and HGF. [0115] In another embodiment,
PPDCs are used advantageously in co-cultures in vitro
to provide trophic support to other cells, in
particular, skeletal muscle cells, skeletal muscle
progenitor cells, vascular smooth muscle cells,
vascular smooth muscle progenitor cells,pericytes,
vascular endothelial cells, or vascular endothelium
progenitor cells. In some preferred embodiments, the
trophic support is proliferation of the cells. For
co-culture, it may be desirable for the PPDCs and the
desired other cells to be co-cultured under conditions
in which the two cell types are in contact. This can
be achieved, for example, by seeding the cells as a
heterogeneous population of cells in culture medium or
onto a suitable culture substrate. Alternatively, the
PPDCs can first be grown to confluence, and then will
serve as a substrate for the second desired ceil type
in culture. In this latter embodiment, the cells may
further be physically separated, e.g., by a membrane
or similar device, such that the other cell type may
be removed and used separately, following the
co-culture period. Use of PPDCs in co-culture to
promote expansion and differentiation of skeletal
muscle or vascular cell types may find applicability
in research and in clinical/therapeutic areas. For
instance, PPDC co-culture may be utilized to
facilitate growth and differentiation of skeletal
muscle, vascular smooth muscle, pericytes, or vascular
endothelial cells in culture, for basic research
purposes or for use in drug screening assays, for
example. PPDC co-culture may also be utilized for ex
vivo expansion of skeletal muscle, vascular smooth
muscle, pericyte, or vascular endothelium progenitors
for later administration for therapeutic purposes. For
example, skeletal muscle, vascular smooth muscle,
pericyte, or vascular endothelium progenitor cells may
be harvested from an individual, expanded ex vivo in
co-culture with PPDCs, then returned to that
individual (autologous transfer) or another individual
(syngeneic or allogeneic transfer). In these
embodiments, it will be appreciated that, following ex
vivo expansion, the mixed population of cells
comprising the PPDCs and skeletal muscle, vascular
smooth muscle, pericyte, or vascular endothelium
progenitors could be administered to a patient in need
of treatment. Alternatively, in situations where
autologous transfer is appropriate or desirable, the
co-cultured cell populations may be physically
separated in culture, enabling removal of the
autologous skeletal muscle, vascular smooth muscle, or
vascular endothelium progenitors for administration to
the patient. [0116] As described in US Patent
Publication Nos. 2005/005863 1, 2005/0054098 and
2005/0058630, PPDCs have been shown to be effectively
transplanted into the body, and to improve blood flow
and reduce tissue necrosis in an accepted animal
model. Those findings, along with the discoveries set
forth in the present invention, support preferred
embodiments of the invention, wherein PPDCs are used
in cell therapy for treating ischemic injury or damage
by repairing or regenerating skeletal muscle and/or
vascular tissue in a peripheral vascular disease
patient, or by improving blood flow or stimulating
and/or supporting angiogenesis in a peripheral
vascular disease patient. In one embodiment, the PPDCs
are transplanted into a target location in the body,
especially at or proximal to the location of the
ischemic episode, where the PPDCs candifferentiate
into one or more of skeletal muscle, vascular smooth
muscle, pericyte, or vascular endothelium phenotypes,
the PPDCs can provide trophic support for skeletal
muscle cell, vascular smooth muscle cell, pericyte, or
vascular endothelial cell progenitors and/or skeletal 



muscle cells, vascular smooth muscle cells, pericytes,
or vascular endothelial cells in situ, the PPDCs can
produce factors to recruit endothelial progenitor
cells to the site of the ischemic injury, or the PPDCs
can exert a beneficial effect in two or more of those
fashions, among others. PPDCs secrete trophic factors
including, but not limited to GFGFm, IL-6, IL-8, HGF,
IGF-I, TPO, and the like. PPDCs can. aid in the
recruitment of vascular progenitor cells such as
angioblasts to stimulate new blood vessel formation.
[0117] PPDCs can exert trophic effects in the body of
the patient to which they are administered. For
example, PPDCs can exert trophic effects on skeletal
muscle cells, vascular smooth muscle cells, vascular
endothelial cells, pericytes, or progenitor cells
thereof. In some preferred embodiments, the trophic
effect is the proliferation of such cells. PPDCs can
also induce migration of cells in the body of the
patient to which they are administered. Such migration
can facilitate the repair, regeneration, and treatment
of peripheral vascular disease such as peripheral
ischemia. For example, PPDCs administered at or near a
site of peripheral vascular dis e aSe can induce
migration of cells to the site of peripheral vascular
disease in order to repair, regenerate, or otherwise
treat the diseased tissue and its surroundings. PPDCs
so administered can induce migration of skeletal
muscle cells, vascular smooth muscle cells, vascular
endothelial cells, pericytes, or progenitor cells
thereof. In preferred embodiments, PPDCS induce
migration of vascular endothelial cells and/or
vascular endothelium progenitor cells to the site, or
at least near to the site of the peripheral vascular
disease. In some embodiments, migration is induced or
supported by FGF and/or HGF, preferably FGF and HGF
expressed by the PPDCs. Preparations made from PPDCs,
including cell lysates, subcellular fractions, and the
like, can also be used to treat peripheral vascular
disease. Such preparations can be formulated with
pharmaceutically acceptable carriers such as those
described and exemplified herein, and administered to
patients in amounts effective to treat peripheral
vascular disease. In preferred embodiments,
preparations made from PPDCs comprise FGF and HGF.
[0118] Specific embodiments of the invention are
directed to the direct repair, regeneration,
replacement of, or the support of the repair,
regeneration, or replacement of blood vessels for the
treatment of peripheral ischemic injury or damage.
[0119] PPDCs may be administered alone {e.g., as
substantially homogeneous populations) or as
admixtures with other cells. As described above, PPDCs
may be administered as formulated in a pharmaceutical
preparation with a matrix or scaffold, or with
conventionalpharmaceutically acceptable carriers.
Where PPDCs are administered with other cells, they
may be administered simultaneously or sequentially
with the other cells (either before or after the other
cells). Cells that may be administered in conjunction
with PPDCs include, but are not limited to, myocytes,
skeletal muscle cells, skeletal muscle progenitor
cells, vascular smooth muscle cells, vascular smooth
muscle progenitor cells, pericytes, vascular
endothelial cells, or vascular endothelium progenitor
cells, and/or other multipotent or pluripotent stem
cells. The cells of different types may be admixed
with the PPDCs immediately or shortly prior to
administration, or they may be co-cultured together
for a period of time prior to administration. [0120]
The PPDCs may be administered with other beneficial
drugs or biological molecules, or other active agents,
such as anti-inflammatory agents, anti-apoptotic
agents, antioxidants, growth factors, angiogenic
factors, or myoregenerative or myooprotective drugs as
known in the art. When PPDCs are administered with
other agents, they may be administered together in a
single pharmaceutical composition, or in separate
pharmaceutical compositions, 



simultaneously or sequentially with the other agents
(either before or after administration of the other
agents). The other agents may be a part of a treatment
regimen that begins either before transplantation and
continuing throughout the course of recovery, or may
be initiated at the time of transplantation, or even
after transplantation, as a physician of skill in the
art deems appropriate. [0121] Examples of other
components that may be administered with PPDCs
include, but are not limited to: (1) other angiogenic
factors, angiogenic drugs, or myoregenerative or
myooprotective factors or drugs; (2) selected
extracellular matrix components, such as one or more
types of collagen known in the art, and/or growth
factors, platelet-rich plasma, and drugs
(alternatively, PPDCs may be genetically engineered to
express and produce growth factors); (3)
anti-apoptotic agents (e.g., erythropoietin (EPO), EPO
mimetibody, thrombopoietin, insulin-like growth factor
(IGF)-I, IGF-II, hcpatocytc growth factor, caspasc
inhibitors); (4) anti inflammatory compounds {e.g.,
p38 MAP kinase inhibitors, TGF-beta inhibitors,
statins, IL-6 and IL-I inhibitors, Pemirolast,
Tranliast, Remicade (Centocor, Inc., Malvern, PA),
Sirolimus, and non-steroidal anti-inflammatory drugs
(NSAIDS) (such as Tepoxalin, Tolmetin, and Suprafen);
(5) immunosuppressive or immunomodulatory agents, such
as calcineurin inhibitors, mTOR inhibitors,
antiproliferatives, corticosteroids and various
antibodies; (6) antioxidants such as probucol,
vitamins C and E, coenzyme Q-IO, glutathione,
L-cysteine and N-acetylcysteine; and (6) local
anesthetics, to name a few. [0122] In one embodiment,
PPDCs are administered as undifferentiated cells,
i.e., as cultured in Growth Medium. Alternatively,
PPDCs may be administered following exposure inculture
to conditions that stimulate differentiation toward a
desired skeletal muscle, vascular smooth muscle,
pericyte, or vascular endothelium phenotype. [0123]
The cells of the invention may be surgically
implanted, injected, delivered (e.g., by way of a
catheter, syringe, shunt, stent, microcatheter, or
pump), or otherwise administered directly or
indirectly to the site of ischemic injury, damage, or
distress. Routes of administration of the cells of the
invention or compositions thereof include, but are not
limited to, intravenous, intramuscular, subcutaneous,
intranasal, intrathecal, intracisternal, or via
syringes with needles or catheters with or without
pump devices. [0124] When cells are administered in
semi-solid or solid devices, surgical implantation
into a precise location in the body is typically a
suitable means of administration. Liquid or fluid
pharmaceutical compositions, however, may be
administered through the blood, or directly into
affected muscle tissue (e.g. , throughout a diffusely
affected area, such as would be the case for diffuse
ischemic injury). The migration of the PPDCs can be
guided by chemical signals, growth factors, or
calpains. [0125] The postpartum-derived cells or
compositions and/or matrices comprising the
postpartum-derived cells may be delivered to the site
via a micro catheter, intracatheterization, or via a
mini-pump. The vehicle excipient or carrier can be any
of those known to be pharmaceutically acceptable for
administration to a patient, particularly locally at
the site at which cellular differentiation is to be
induced. Examples include liquid media, for example,
Dulbeccos Modified Eagle's Medium (DMEM), sterile
saline, sterile phosphate buffered saline, Lcibovitz's
medium (L15, Invitrogcn, Carlsbad, CA), dextrose in
sterile water, and any other physiologically
acceptable liquid. [0126] Other embodiments encompass
methods of treating peripheral ischemic injury 



or damage by administering therapeutic compositions
comprising a pharmaceutically acceptable carrier and
PPDC cellular components (e.g., cell lysatcs or
components thereof) or products (e.g., trophic and
other biological factors produced naturally by PPDCs
or through genetic modification, conditioned medium
from PPDC culture), or PPDC growth medium or products
purified from growth medium. In preferred embodiments,
the biological factors are FGF and HGF. These methods
may further comprise administering other active
agents, such as growth factors, angiogenic factors or
myoregenerative or myoprotective drugs as known in the
art. [0127] Dosage forms and regimes for administering
PPDCs or any of the other therapeutic or
pharmaceutical compositions described herein are
developed in accordance with good medical practice,
taking into account the condition of the individual
patient, e.g., nature and extent of the injury or
damage from the peripheral ischemic event, age, sex,
body weight andgeneral medical condition, and other
factors known to medical practitioners. Thus, the
effective amount of a pharmaceutical composition to be
administered to a patient is determined by these
considerations as known in the art. [0128] PPDCs have
been shown not to stimulate allogeneic PBMCs in a
mixed lymphocyte reaction. Accordingly,
transplantation with allogeneic, or even xenogeneic,
PPDCs may be tolerated in some instances. In some
embodiments, the PPDCs themselves provide an
immunosuppressant effect, thereby preventing host
rejection of the transplanted PPDCs. In such
instances, pharmacological immunosuppression during
cell therapy may not be necessary. [0129] However, in
other instances it may be desirable or appropriate to
pharmacologically immunosuppress a patient prior to
initiating cell therapy. This may be accomplished
through the use of systemic or local immunosuppressive
agents, or it may be accomplished by delivering the
cells in an encapsulated device, as described above.
These and other means for reducing or eliminating an
immune response to the transplanted cells are known in
the art. As an alternative, PPDCs may be genetically
modified to reduce their immunogenicity, as mentioned
above. [0130] Survival of transplanted PPDCs in a
living patient can be determined through the use of a
variety of scanning techniques, e.g., computerized
axial tomography (CAT or CT) scan, magnetic resonance
imaging (MRI) or positron emission tomography (PET)
scans. Determination of transplant survival can also
be donepost mortem by removing the skeletal muscle or
vascular tissue, and examining it visually or through
a microscope. Alternatively, cells can be treated with
stains that arc specific for skeletal muscle cells,
vascular smooth muscle cells, pericytes, or vascular
endothelial cells. Transplanted cells can also be
identified by prior incorporation of tracer dyes such
as rhodamine- or fluorescein-labeled microspheres,
fast blue, ferric microparticles, bisbenzamide or
genetically introduced reporter gene products, such as
bcta-galactosidasc or bcta-glucuronidasc. [0131] In
another aspect, the invention provides kits that
utilize the PPDCs, PPDC populations, components and
products of PPDCs in various methods for stimulating
and/or supporting angiogenesis, for improving blood
flow, for regenerating, repairing, and improving
skeletal muscle injured or damaged by a peripheral
ischemic event, as described above. Where used for
treatment of damage or injury caused by an ischemic
event or other scheduled treatment, the kits may
include one or more cell populations, including at
least PPDCs and a pharmaceutically acceptable carrier
(liquid, semi-solid or solid). The kits also
optionally may include a means of administering the
cells, for example by injection. The kits further may 



include instructions for use of the cells. Kits
prepared for field hospital use, such as for
militaryuse, may include full-procedure supplies
including tissue scaffolds, surgical sutures, and the
like, where the cells are to be used in conjunction
with repair of acute injuries. Kits for assays and in
vitro methods as described herein may contain one or
more of (1) PPDCs or components or products of PPDCs,
(2) reagents for practicing the in vitro method, (3)
other cells or cell populations, as appropriate, and
(4) instructions for conducting the in vitro method.
[0132] The following example describes the invention
in greater detail. This example is intended to further
illustrate, not to limit, aspects of the invention
described herein. Example 1 Efficacy of
Umbilicus-Derived Postpartum Cells in the Murine
Hindlimb Peripheral Ischemia Model Materials and
Methods [0133] Umbilical Cell Culture and Isolation.
Umbilicus-derived cells (UDCs) were prepared as
described in U.S. Patent Publications 2005/005863 1 or
2005/0054098. Cells were cultured to passage 10 or 11
(approximately 20-25 population doublings) and then
cryogenically preserved. [0134] Ischemia Model
Treatment Groups: 1. PBS, negative control 2.
Expression plasmid for vascular endothelial growth
factor(pVEGF), positive control 3. cell line # 1
cells, 5x 105 cells total 4. cell line # 1 cells,
IxIO6 cells total 5. cell line #2 cells, 1x106 cells
total 6. cell line # 1 cells, cultured, 1x106 cells
total cell line 1: U120304pl0, cell line 2 : U072804A
p i 1 [0135] Sample preparation for injection. Cells
were thawed immediately before injection (groups 3-5),
or were cultured for 24-30 hr (group 6). Cells were
counted and viability was determined by trypan blue
staining and counting on a hemocytometer. The entire
dose of cells or plasmid (100 mg) was resuspended in
100 ml of PBS and loaded into a 300 ml tuberculin
syringe with 27 guage needle for injection into the
mice.[0136] Surgery. On day 0, acute hindlimb ischemia
was surgically induced in athymic, nude mice by
unilateral ligation and excision of the left
iliofemerol artery. Mice were partitioned into 6
groups of at least n = 8 for treatment with UDCs or
controls. Mice were randomly assigned to treatment
groups for groups 1-5. Because group 6 was added late
in the study, randomization did not occur. In
addition, scheduling conflicts precluded performing
microCT/PET concurrently with the original study. This
analysis was performed on a group of 8 additional
animals (4 control and 4 cultured cell 1) enrolled
after the completion of the 2 1 day study. [0137] Cell
injections. One day after surgery, mice were
anesthetized for laser Doppler imaging analysis of the
plantar region. While mice were still under
anesthesia, cells were injected at 5 sites in the left
(ischemic) limb: (1) 20 ml into the tibilias anterior;
(2) 2x 20 ml into gastrocnemius; and (3) 2x 20 ml into
rectus femoris of quadriceps bundle. [0138] Analyses.
Laser Doppler imaging was performed at days 1, 4, 8,
14 and 2 1. At 2 1 days, mice were sacrificed and
tibilias anterior (TA), gastrocnemius and quadriceps
muscles 



were excised and cryofixed for thin sectioning and
immunhistochemical staining with CD3 1 antibody.
MicroCT/PET analysis using fluoromethane gas to
determine perfusion status of muscles was performed at
8 days. These mice were sacrificed immediately after
and hindlimb muscles were processed for CD3 1
immunohistochemistry on cryofixed thin sections.
[0139] Exclusion criteria. Mice exhibiting severe toe
necrosis at day 1 following surgery were excluded from
the study before injections. Mice were also excluded
at any time in the study due to severe necrosis (e.g.,
total necrosis of the foot) or if they experienced
severe weight loss or otherwise exhibited signs of
extreme pain. Results [0140] The goal of these
experiments was to determine if UDCs protect tissues
from injury in a rodent hindlimb ischemia model. This
model was performed by creating a injury in the
femoral blood flow and injecting cells in the area
approximately 24 hours after the injury. The results
were evaluated by estimating perfusion of the limbs of
these animals and comparing this to the contralateral
limb that was not injured. The tissues were also
collected from these animals at the end of the study
to evaluate the vasculature and injury in the animals.
This study was also performed with human cells in nude
mice to avoid xenogenic rejection of the implanted
cells. [0141] Results presented in Figure 1 show that
the UDCs conferred a benefit on the mice, as there was
improved perfusion in the animals treated with the
cultured cells at Day 4 and8, while blood flow was
also improved in the animals treated with the 120304
cells thawed immediately before injection at Day 8.
The cells 072804A did not show a benefit at any time
point, suggesting a difference between these two lots
of cells. Generally the animals showed improvement
over time indicating that this strain of animals has
some degree of native repair capability. These animals
were also relatively young which may be a factor in
their innate regenerative capabilities. [0142] The TA
muscles were collected at the end of the study, and
sections were probed with an anti CD31 antibody to
detect vascular endothelial cells. Representative
results are shown in Figure 2. The results show that
the PBS control animals presented gross necrosis and
limited vasculature in the ischemic limb,, (for
example mouse #26 & #43) whereas the UDCtreated limbs
showed higher relative levels of CD31 staining and
reduced levels of necrosis. The results also suggest
that the animals treated with cultured UDCs showed
improved vasculature as compared to controls -(PBS
control and in some cases, the normal (uninjured)
limb). Increased CD 3 1 staining was observed in the
ischemic but treated limb as compared to the normal
limb. The animals treated with VEGF plasmid and
Umb072804A showed similar results as PBS control.
Summary [0143] These results provide evidence that
umbilical cord-derived cells can be effective to
improve blood flow and to reduce tissue necrosis in a
rodent hind limb ischemia model. The study included
two different lots of umbilical cells that were thawed
immediately before injection, and the results
suggested differences might exist between the lots.
The cells that appeared to have some activity were
also cultured for approximately 48 hours before
injection and included in another treatment group.
These cells appeared to be the most effective and this
suggests that culturing changes the activity profile
of the cells. The histology results also provide
evidence that treatment can provide protective
effects. The results do not provide 



sufficient information with respect to the mechanism
by which the UDCs exert their effects. Without
intending to be bound to any particular theory or
mechanism of action, it is believed that the cells may
exert their effect by stimulating the growth of new
blood vessels or protecting the muscle tissue from the
progression of the damage, for example, by protection
from apoptosis or recruitment of endogenous active
agents. Additional studies are necessary to
investigate the precise mechanism of action.
References1) Rehman, J. et al. (2004) Circulation
109:1292-1298 Example 2 Endothelial Network Formation
Assay [0144] Angiogenesis, or the formation of new
vasculature, is necessary for the growth of new
tissue. Induction of angiogenesis is an important
therapeutic goal in many pathological conditions. To
identify potential angiogenic activity of the
postpartum-derived cells in in vitro assays, a
well-established method of seeding endothelial cells
onto a culture plate coated with a biological cell
culture substrate under the tradename MATRIGEL (BD
Discovery Labware, Bedford, MA), a basement membrane
extract (Nicosia and Ottinetti (1990) In Vitro Cell
Dev. Biol. 26(2): 119-28) was followed. Treating
endothelial cells on MATRIGEL (BD Discovery Labware,
Bedford, MA) with angiogenic factors will stimulate
the cells to form a network that is similar to
capillaries. This is a common in vitro assay for
testing stimulators and inhibitors of blood vessel
formation (Ito et al. (1996) Int. J. Cancer
67(l):148-52). The experiments made use of a
co-culture system with the postpartum-derived cells
seeded onto culture well inserts. These permeable
inserts allow for the passive exchange of media
components between the endothelial and the
postpartum-derived cell culture media. Methods
&Materials Cell Culture [0145] Postpartum
tissue-derived cells. Human umbilical cords and
placenta were received and cells were isolated as
previously described (Example 1). Cells were cultured
in Growth medium (Dulbecco's Modified Essential Media
(DMEM; Invitrogen, Carlsbad, CA), 15% (v/v) fetal
bovine scrum (Hyclonc, Logan UT)), 100
Units/millilitcr penicillin, 100 microgram/milliliter
streptomycin (Invitrogen), 0.001 % (v/v)
2-mercaptoethanol (Sigma, St. Louis, MO)) on
gelatin-coated tissue culture plastic flasks. The
cultures were incubated at 37C with 5% CO2. Cells used
for experiments were between passages 4 and 12. [0146]
Actively growing postpartum cells were trypsinized,
counted, and seeded onto COSTAR TRANSWELL 6.5
millimeter diameter tissue culture inserts (Corning,
Corning, NY) at 15,000 cells per insert. Cells were
cultured on the inserts for 48-72 hours in Growth
medium at 370C under standard growth conditions.[0147]
Human mesenchymal stem cells (hMSC). hMSCs were
purchased from Cambrex (Walkersville, MD) and cultured
in MSCGM (Cambrex). The cultures were incubated under
standard growth conditions. [0148] Actively growing
MSCs were trypsinized and counted and seeded onto
COSTAR TRANSWELL 6.5 millimeter diameter tissue
culture inserts (Corning, Corning, NY) at 15,000 cells
per insert. Cells were cultured on the inserts for
48-72 hours in Growth medium under standard growth
conditions. [0149] Human umbilical vein endothelial
cells (HUVEC). HUVEC were obtained from Cambrex
(Walkersville, MD). Cells were grown in separate
cultures in either EBM or 



EGM endothelial cell media (Cambrex). Cells were grown
on standard tissue-cultured plastic under standard
growth conditions. Cells used in the assay were
between passages 4 and 10. [0150] Human coronary
artery endothelial cells (HCAEC). HCAEC were purchased
from Cambrex Incorporated (Walkersville, MD). These
cells were also maintained in separate cultures in
either the EBM or EGM media formulations. Cells were
grown on standard tissue cultured plastic under
standard growth conditions. Cells used for experiments
were between passages 4 and 8. [0151] Endothelial
Network Formation (MATRlGEL,) assays. Culture plates
were coated with MATRIGEL (BD Discovery Labware,
Bedford, MA) according to manufacturer's
specifications. Briefly, MATRIGEL (BD Discovery
Labware, Bedford, MA) was thawed at 40C and
approximately 250 microliters were aliquoted and
distributed evenly onto each well of a chilled 24-wcll
culture plate (Corning). The plate was then incubated
at 37C for 30 minutes to allow the material to
solidify. Actively growing endothelial cell cultures
were trypsinized and counted. Cells were washed twice
in Growth medium with 2% FBS by centrifugation,
resuspension, and aspiration of the supernatant. Cells
were seeded onto the coated wells at 20,000 cells per
well in approximately 0.5 milliliter Growth medium
with 2% (v/v) FBS. Cells were then incubated for
approximately 30 minutes to allow cells to settle.
[0152] Endothelial cell cultures were then treated
with either 10 nanomolar human bFGF (Peprotech, Rocky
Hill, NJ) or 10 nanomolar human VEGF (Peprotech, Rocky
Hill, NJ) to serve as a positive control for
endothelial cell response. Transwell inserts seeded
with postpartum-derived cells were added to
appropriate wells with Growth medium with 2% FBS in
the insert chamber. Cultures were incubated at 370C
with 5% CO2 for approximately 24 hours. The well plate
was removed from the incubator, and images of the
endothelial cell cultures were collected with an
Olympus inverted microscope (Olympus, Melville,
NY).Results [0153] In a co-culture system with
placenta-derived cells or with umbilical cordderived
cells, HUVEC form cell networks (data not shown).
HUVEC cells form limited cell networks in co-culture
experiments with hMSCs and with 10 nanomolar bFGF (not
shown). HUVEC cells without any treatment showed very
little or no network formation (data not shown). These
results suggest that the posrpartum-derived cells
release angiogenic factors that stimulate the HUVEC.
[0154] In a co-culture system with placenta-derived
cells or with umbilical cordderived cells, CAECs form
cell networks (data not shown). [0155] Table 2-1 shows
levels of known angiogenic factors released by the
posrpartumderived cells in Growth medium.
Postpartum-derived cells were seeded onto inserts as
described above. The cells were cultured at 37C in
atmospheric oxygen for 48 hours on the inserts and
then switched to a 2% FBS media and returned at 37C
for 24 hours. Media was removed, immediately frozen
and stored at -80 0C, and analyzed by the Searchlight
multiplex ELISA assay (Pierce Chemical Company,
Rockford, IL). Results shown are the averages of
duplicate measurements. The results show that the
postpartum-derived cells do not release detectable
levels of platelet-derived growth factor-bb (PDGF-bb)
or heparin-binding epidermal growth factor (HBEGF).
The cells do release measurable quantities of tissue
inhibitor of metallinoprotease-1 (TIMP-I),
angiopoietin 2 (ANG2), thrombopoietin (TPO),
keratinocyte growth factor (KGF), hepatocyte growth
factor (HGF), fibroblast growth factor (FGF), and 



vascular endothelial growth factor (VEGF). Table 2-1.
Potential angiogenic factors released from
postpartum-derived cells. Postpartum-derived cells
were cultured in 24 hours in media with 2%FBS in
atmospheric oxygen. Media was removed and assayed by
the SearchLight multiplex ELISA assay (Pierce).Results
are the means of a duplicate analysis. Values are
concentrations in the media reported in picograms per
milliliter of culture media. Plac: placenta derived
cells; Umb cord: umbilical cord derived cells. [0156]
Table 2-2 shows levels of known angiogenic factors
released by the postpartum-derived cells.
Postpartum-derived cells were seeded onto inserts as
described above. The cells were cultured in Growth
medium at 5% oxygen for 48 hours on the inserts and
then switched to a 2% FBS medium and returned to 5% O2
incubation for 24 hours. Media was removed,
immediately frozen, and stored at-800C, and analyzed
by the Searchlight multiplex ELISA assay (Pierce
Chemical Company, Rockford, IL). Results shown are the
averages of duplicate measurements. The results show
that the postpartum-derived cells do not release
detectable levels of platelet-derived growth factor-bb
(PDGF-BB) or heparin-binding epidermal growth factor
(HBEGF). The cells do release measurable quantities of
tissue inhibitor of metallinoprotease- 1 (TIMP-I),
angiopoietin 2 (ANG2), thrombopoietin (TPO),
keratinocyte growth factor (KGF), hepatocyte growth
factor (HGF), fibroblast growth factor (FGF)5 and
vascular endothelial growth factor (VEGF). Table 2-2.
Potential angiogenic factors released from
postpartum-derived cells. Postpartum-derived cells
were cultured in 24 hours in media with 2% FBS in 5%
oxygen. Media was removed and assayed by the
SearchLight multiplex ELISA assay (Pierce). Results
are the means of a duplicate analysis. Values are
concentrations in the media reported in picograms per
milliter of culture media. Plac: placenta derived
cells; Umb cord: umbilical cord derived cells.Summary.
[0157] The results show that postpartum-derived cells
can stimulate both human umbilical vein and coronary
artery endothelial cells to form networks in an in
vitro MATRIGEL (BD Discovery Labware, Bedford, MA)
assay. This effect is similar to that seen with known
angiogenic factors in this assay system. These results
suggest that the postpartum-derived cells are useful
for stimulating angiogenesis in vivo. Example 3 Effect
if h TCs on the in vitro proliferation and migration
of endothelial cells [0158] Studies were undertaken to
determine the effects of human umbilical tissuederived
cells (hUTCs) on the proliferation and migration of
endothelial cells in vitro. These effects were
examined by co-culturing hUTCs and endothelial cells
and by incubating cultures of human umbilical vein
endothelial cells (HUVECs) with hUTC Iysates. The
results presented here show that hUTCs induce
increases in proliferation and migration of
endothelial cells. Furthermore, the data suggest that
these effects are mediated, in part, by fibroblast
growth factor (FGF) and hepatocyte growth factor
(HGF). Materials and Methods Cell culture [0159]
Cryoprcscrvcd human umbilical tissue-derived cells
(hUTCs) lot#120304 were thawed at passage 8-9 and
seeded onto gelatin-coated flasks and cultured in
Hayflick growth media (DMEM - low glucose [Gibco,
catalog numberl 1885-084], 15% v/v fetal bovine serum
[FBS, Hyclone, catalog number SH30070.03], 0.001% v/v
beta-mercaptoethanol [Sigma, catalog 



number M7154], and 50 U/ml penicillin and 50
micrograms/ml streptomycin [Gibco, catalog number
3810-74-0]). For studies detailed here, cells used
were at passage 10 or 11. Human umbilical vein
endothelial cells (HUVECs, catalog number C2517A),
human coronary artery endothelial cells (HCAECs,
catalog number CC2585), and human iliac artery
endothelial cells (HIAECs, catalog number CC2545) were
obtained from Cambrex and were cultured in endothelial
growth medium (EGM-2MV, catalog number 3202) according
to manufacturer's recommendations. Human mesenchymal
stem cells (MSCs, catalog number PT-2501) were also
purchased from Cambrex and were maintained in
mesenchymal stem cell growth medium (MSCGM, catalog
number PT-3001) according to manufacturer's
recommendations. Humandermal fibroblasts (CCD9) were
from ATCC and were maintained in DMEM/F12 media
containing 10% FBS and lU/ml penicillin-streptomycin.
[0160] For routine passage, cells were washed once
with phosphate buffered saline (PBS, Invitrogen,
catalog number 14190) and detached by trypsinization
(0.25% trypsin-EDTA, Invitrogen, catalog number
25200-056). Cells were counted using a Guava
instrument (Guava Technologies, Hayward, CA) and
seeded at a density of 5000 cells/cm2. Cells were
routinely passaged every 3-4 days. Growth factors and
antibodies [0161] Recombinant human basic fibroblast
growth factor (bFGF, catalog number 100- 18B) and
recombinant human hepatocyte growth factor (HGF,
catalog number 100-39) were from Peprotech and
recombinant human vascular endothelial growth factor
(VEGF, catalog number 293-VE) was from R and D
Systems. Antibodies to bFGF (catalog number ab 11937),
HGF (catalog number ab 10678), and VEGF (catalog
number ab9570) were purchased from Abeam (Cambridge,
MA). Preparation of cell lysate [0162] Cell lysates
were prepared from frozen hUTC lot#120304 cell pellets
from previous grow-ups. Briefly, hUTC lot#120304 were
cultured for 4 days, harvested by trypsinization, and
pelleted by centrifugation. Cells were then washed
with PBS 3 times and rcsuspcndcd in PBS at 1 x 107
cells/ml. Aliquots of 1ml suspensions were placed into
1.5 mi sterile siliconized microcentrifuge tubes and
centrifuged at 300 rcf for 5 ruin. PBS was aspirated
and cell pellets stored at -80 0C until use. [0163] To
prepare cell lysates, tubes containing cell pellets
were immersed in liquid nitrogen (LN2) for 60 sec and
then immediately immersed in a 37C water bath for 60
sec or until thawed but not longer than 3 min. This
step was repeated 3 times. Following this step, the
freeze-thawed samples were centrifuged at 13000 rcf at
4C for 10 min and then placed on ice. The supernatant
was carefully removed and transferred to a fresh
sterile siliconized 1.5 ml tube. The centrifugation
step was repeated 3 times and the resulting
supernatant pooled. Protein concentration was
determined using the microassay protocol of the
Quickstart Bradford protein assay kit (Bio-rad,
catalog number 500-0201). For studying the effect of
cell lysate on the proliferation of HUVECs,
Measurement of Cell Proliferation[0164] Cells were
harvested and plated directly into the indicated media
formulation at a concentration of 5000 cells/cm2. For
co-culture experiments, 24-well transwells (Corning
catalog number 3413) were used with endothelial cells
plated on the bottom of the well (10,000 cells/well)
and hUTCs, MSCs, or fibroblasts plated inside the
transwell inserts (1650 cells/transwell inserts). At
the indicated time periods, inserts containing hUTCS,
MSCs, or 



fibroblasts were removed and discarded. Endothelial
cells were harvested by adding 90 ml of trypsin to
each well. Cells were released by pipetting up and
down and then transferred to a clean 96-well plate.
Trypsin was inhibited by the addition of 90 ml of
media. Cells were stained by addition of 20 ml of
staining solution (18 ml of media + 1 ml Guava
Viacount Flex Reagent + 1 ml of DMSO) and quantitated
using a Guava instrument (Guava Technologies, Hayward,
CA). [0165] For studies on the effect of hUTC
lot#120304 cell lysate on the proliferation of HUVECs,
HUVECs were seeded onto 24-well tissue culture dishes
at a density of 10,000 cells/well in EGM-2MV media for
8h. Cells were then serum-starved by overnight
incubation in 0.5 ml of EGM-2MV media containing 0.5%
FBS and without growth factors. Afterwards, FBS,
freshly prepared hUTC lot#l 20304 cell lysate
containing 62.5 mg or 125 mg of protein, and
neutralizing antibodies to FGF (7 mg/ml) or HGF ( 1
mg/ml) were added. After 4 days of culture, cells were
harvested and counted using a Guava instrument. [0166]
For studies on the potential mechanisms of
hUTC-mediated increase in endothelial cell
proliferation, neutralizing antibodies to FGF (7
mg/ml), HGF ( 1 mg/ml), and VEGF ( 1mg/ml) were
included in co-cultures of HUVECs and HCAECs with
hUTCs. The antibodies were added to the cell culture
media when the cells were initially plated. After 7
days of co-culture, cells were harvested and counted
using a Guava instrument. Assessment of cell migration
[0167] For measurement of cell migration, a 6-wcll
transwell (Corning catalog number 3428) set-up was
used. Cells were seeded directly into the indicated
media formulation at a density of 5000 cells/cm2.
Endothelial cells were seeded inside the transwell
inserts (23,000 cells/transwell insert) and hUTC
lot#120304 or MSCs plated onto the bottom of the well
(48,000 cells/well). Migration was assessed after 7
days of co-culture by counting the number of cells on
the underside of the transwell. Briefly, transwells
were transferred to a clean well and washed once with
PBS. Cells from the underside of the well were
harvested by adding trypsin to the bottom of the well.
Trypsin was inhibited by the addition of complete
growth media and cells collected by centrifugation.
Cells were then resuspended in 25 ml of media and 20
ml of this used to obtain cell counts using a Guava
instrument.[0168] For studies on the potential
mechanisms of hUTC-mediated increase in endothelial
cell migration, neutralizing antibodies to FGF (7
mg/ml) and HGF (1 mg/ml) were included in co-cultures
of FIUVECs and HCAECs with hUTC lot#120304. The
antibodies were added to the cell culture media when
the cells were initially plated. After 7 days of
co-culture, cells that were on the underside of the
transwell insert were harvested and counted using a
Guava instrument. Results Effect of hUTCs on
proliferation of endothelial cells [0169] A co-culture
system was utilized to study the effects of hUTCs on
the proliferation of endothelial cells. This was
performed using a transwell set-up with endothelial
cells plated on the bottom of a 24-well tissue culture
dish and hUTCs plated inside the transwell inserts. In
these experiments, two different media formulations
were used (media composition detailed in Materials and
Methods): Hayflick 80% + EGM-2MV 20% (H80) or Hayflick
50% + EGM-2MV 50% (H50). After 6 or 7 days of
co-culture, the transwell inserts were removed,
endothelial cells harvested by trypsinization, and
counted using the Guava instrument. [0170] The effect
of hUTC lot#120304 on the proliferation of endothelial
cells cultured 



in H80 compared with H50 is shown in Figure 1. The
proliferation of HUVECs maintained in H50 was higher
than those kept in H80 (Figure IA) while HCAECs and
HIAECs exhibited similar growth in these co-culture
media formulations (Figure IB and Figure 1C). In both
media formulations, co-culture of endothelial cells
with hUTC lot#120304 resulted in significant increases
in cell number after 7 days. All subsequent co-culture
studies of hUTCs and endothelial cells were performed
in the Hayflick 50% + EGM-2MV 50% (H50) media
formulation. [0171] MSCs and fibroblasts were also
tested in co-cultures with endothelial cells to
determine whether other cell types have the ability to
influence the proliferation of endothelial cells. As
shown in Figure IA, there was no difference in the
proliferation of HUVECs in coculture media (H50 or
H80) and those that were co-cultured with MSCs or with
fibroblasts. The same was true of HCAECs (Figure IB)
and HIAECs (Figure 1C) where co-culture with hUTC
lot#l 20304 resulted in increased cell proliferation
while no differences can be observed between cells in
co-culture media (H50 or H80) and those that were
co-cultured with MSCs. [0172] To investigate the
potential mechanisms of hUTC-mediated increase in
endothelial cell proliferation, neutralizing
antibodies to FGF (7 mg/ml), HGF ( 1 mg/ml), and VEGF
( 1mg/ml) were included in co-cultures of HUVECs and
HCAECs with hUTCs. Results inFigure 2A and 2B show
that in both HUVECs and HCAECs, the addition of
neutralizing antibodies to FGF and HGF reduced the
increase in cell number induced by hUTC lot#120304. At
the concentrations that were used for these studies,
these neutralizing antibodies blocked proliferation of
HUVECs induced by the growth factors (Figure 2A). It
is interesting to note that a neutralizing antibody to
VEGF did not have a significant effect on the cell
proliferation induced by co-culture of both HUVECs
(Figure 2A) and HCAECs (Figure 2B) with hUTC
lot#120304. In separate studies, the proliferation of
hUTC lot#120304 was not affected by the addition of
neutralizing antibodies to FGF and VEGF to the culture
media (data not shown). Effect of hUTC lot#120304 cell
lysate on proliferation of HUVECs [0173] Studies were
also conducted to determine the effect of cell lysate
on the proliferation of HUVECs. HUVECs were seeded
onto 24-well plates in EGM-2MV media for 8h at a
density of 5000 cells/cm2. The cells were then
serum-starved by an overnight incubation in 0.5 ml of
EGM-2MV media containing 0.5% fetal bovine serum (FBS)
and without growth factors. Following the incubation,
varying concentrations of freshly prepared hUTC lot#l
20304 cell lysate were added. In some instances, FGF,
HGF, and neutralizing antibodies were also included.
After 4 days of culture, HUVECs were harvested and
counted using a Guava instrument. [0174] Figure 3
shows that the addition of cell lysates led to an
increase in HUVECs cell number compared to cells kept
in low serum (0.5% FBS) and the increase in cell
number was proportional to the amount of added cell
lysate. The lower concentration of cell lysate used
(62.5 mg/ml) resulted in a cell number comparable to
cells incubated in optimal media condition (10% FBS).
Furthermore, the addition of a neutralizing antibody
to either FGF or HGF moderated the increase in cell
number induced by the 2 different concentrations of
cell lysate. These results arc consistent with the
results obtained in co-cultures of HUVECs with hUTC
lot#120304. Effect of hUTCs on migration of
endothelial cells [0175] The migration of endothelial
cells was assessed by determining the number of 



cells that have moved through a transwell membrane
(pore size = 8 microns). The responder cells,
endothelial cells, were seeded onto 6-well transwell
inserts and hUTCs were plated on the bottom of the
well. After a period of co-culture, cells that were on
the underside of the transwell were harvested and
counted. Figure 4A shows the migration of HUVECs that
were co-cultured with hUTCs and MSCs. hUTC lot#120304
induced the movement of HUVECs to the undersideof the
transwell while MSCs did not (Figure 4A). The same
result was observed with HCAECs where co-culture with
hUTC lot#120304 resulted in more cells migrating
through the transwell relative to media control
(Figure 4B). [0176] The effect of hUTC lot#120304 on
the migratory behavior of HUVECs and HCAECs was
further tested with the use of neutralizing antibodies
to FGF and HGF. As shown in Figure 5A, these
antibodies reduced the migration of HUVECs induced by
hUTC lot#120304. In co-cultures of HCAECs with hUTC
lot#120304, a neutralizing antibody to HGF blocked
hUTC lot#120304-mediated increase in cell migration
while a neutralizing antibody to FGF did not (Figure
5B). Summary [0177] The results outlined here describe
the effects of hUTCs on the proliferative and
migratory behavior of endothelial cells in vitro. The
studies were performed using co-cultures of hUTC
lot#120304 and endothelial cells or direct incubation
of endothelial cells with cell lysate prepared from
hUTC lot#120304. [0178] For studies of proliferation,
the effects of hUTC lot#120304 were tested and three
endothelial cell types from different vascular beds
were used as responder cells. Co-culture with hUTCs
resulted in enhanced proliferation of endothelial
cells. Co-culture with MSCs or fibroblasts resulted in
cell numbers comparable to media controls. The
proliferative response of HUVECs to hUTC lot#120304
was dampened by the addition of neutralizing
antibodies to FGF and HGF, but not by neutralizing
antibody to VEGF. This implies that the induction of
proliferation by hUTC lot#120304 is mediated by FGF
and HGF. It is worth noting that incubation of HUVECs
with hUTC lot#l 20304 lysate mirrored the effect
observed with cocultures. [0179] Migration was
quantitatcd by counting the number of cells that were
on the underside of a transwell and both HUVECs and
HCAECs were used as responder cells. Unlike the
studies with proliferation, the migratory responses of
these cells are slightly different. HUTC lot#120304
induced the migration of both HUVECs and HCAECs. MSCs
did not induce the migration of HUVECs suggesting
specificity of this response to hUTCs. Antibodies to
FGF and HGF negated the effect of hUTC Iot#l 20304 on
the migration of HUVECs while only antibody to HGF
affected the migration of HCAECs suggesting
differences between the two endothelial cell types.
[0180] In summary, the data show that hUTCs induce
proliferation and migration of endothelial cells in
vitro. The use of neutralizing antibodies implicates
both FGF and HGF inthese observed effects. However,
other factors may also be involved in the
proliferative and migratory behavior of endothelial
cells. [0181] The present invention is not limited to
the embodiments described and exemplified above. It is
capable of variation and modification within the scope
of the appended claims.What is Claimed: 1. A method of
treating a patient having peripheral vascular disease,
the method comprising administering to the patient
postpartum-derived cells in an amount effective to
treat the peripheral vascular disease, wherein the
postpartum-derived cells are derived from human 



placental or umbilical cord tissue substantially free
of blood, wherein the cells are capable of
sclf-rcncwal and expansion in culture and have the
potential to differentiate into cells of at least a
skeletal muscle, vascular smooth muscle, pericyte, or
vascular endothelium phenotype; wherein the cells
require L-valine for growth and can grow in at least
about 5% oxygen; wherein the cells further comprise at
least one of the following characteristics: a)
potential for at least about 40 doublings in culture;
b) attachment and expansion on a coated or uncoated
tissue culture vessel, wherein the coated tissue
culture vessel comprises a coating of gelatin,
laminin, collagen, polyornithine, vitronectin, or
fibronectin; c) production of at least one of tissue
factor, vimentin, and alpha-smooth muscle actin; d)
production of at least one of CDl 0, CD13, CD44, CD73,
CD90, PDGFr-alpha, PD-L2 and HLA-A B C; e) lack of
production of at least one of CD31, CD34, CD45, CD80,
CD86, CDl 17, CD141, CD178, B7-H2, HLA-G, and
HLA-DR,DP,DQ, as detected by flow cytometry; f)
expression of a gene, which relative to a human cell
that is a fibroblast, a mesenchymal stem cell, or an
ileac crest bone marrow cell, is increased for at
least one of a gene encoding: interleukin 8; reticulon
1; chemokine (C-X-C motif) ligand 1 (melonoma growth
stimulating activity, alpha); chemokine (C-X-C motif)
ligand 6 (granulocyte chemotactic protein 2);
chemokine (C-X-C motif) ligand 3; tumor necrosis
factor, alpha-induced protein 3; C-typc lectin
superfamily member 2; Wilms tumor 1; aldehyde
dehydrogenase 1 family member A2; renin; oxidized low
density lipoprotein receptor 1; Homo sapiens clone
IMAGE :4 179671; protein kinase C zeta; hypothetical
protein DKFZp564F013; downregulated in ovarian cancer
1; and Homo sapiens gene from clone DK-PZp 547k1113.
g) expression of a gene, which relative to a human
cell that is a fibroblast, a mesenchymal stem cell, or
an ileac crest bone marrow cell, is reduced for at
least one of a gene encoding: short stature homeobox
2; heat shock 27 kDa protein 2; chemokine (C-X-C
motif) ligand 12 (stromal cell-derived factor 1);
elastin (supravalvular aortic stenosis,
Williams-Beuren syndrome); Homo sapiens mRNA; cDNA
DKFZp586M2022 (from clone DKFZp586M2022); mesenchyme
homeo box 2 (growth arrest-specific homeo box); sine
oculis homeobox homolog 1(Drosophila); ciystallin,
alpha B; disheveled associated activator of
morphogenesis 2; DKFZP586B2420 protein; similar to
neuralin 1; tetranectin (plasminogen binding protein);
src homology three (SH3) and cysteine rich domain;
cholesterol 25-hydroxylase; runt-related transcription
factor 3; interleukin 11 receptor, alpha; procollagen
C-endopeptidase enhancer; frizzled homolog 7
(Drosophila); hypothetical gene BC008967; collagen,
type VIII, alpha 1; tenascin C (hexabrachion);
iroquois homeobox protein 5; hephaestin; integrin,
beta 8; synaptic vesicle glycoprotein 2;
neuroblastoma, suppression of tumorigenicity 1;
insulin-like growth factor binding protein 2, 36kDa;
Homo sapiens cDNA FLJ12280 fs, clone MAMMAl 001744;
cytokine receptor-like factor 1; potassium
intermediate/small conductance calcium-activated
channel, subfamily N, member 4; integrin, beta 7;
transcriptional co-activator with PDZ-binding motif
(TAZ); sine oculis homeobox homolog 2 (Drosophila);
KIAA1034 protein; vesicleassociated membrane protein 5
(myobrevin); EGF-containing f bulin-like extracellular
matrix protein 1; early growth response 3; distal-less
homeo box 5; hypothetical protein FLJ20373; aldo-keto
reductase family 1, member C3 (3-alpha hydroxysteroid
dehydrogenase, type II); biglycan; transcriptional
co-activator with PDZ-binding motif (TAZ); flbronectin
1; 



proenkephalin; integrin, beta-like 1 (with EGF-like
repeat domains); Homo sapiens mRNA full length insert
cDNA clone EUROlMAGE 1968422; phA3; K1AA0367 protein;
natriuretic peptide receptor C/guanylate cyclase C
(atrionatriuretic peptide receptor C); hypothetical
protein FLJ14054; Homo sapiens mRNA; cDNA DKFZp564B222
(from clone DKFZp564B222); BCL2/adenovirus ElB 19kDa
interacting protein 3-like; AE binding protein 1;
cytochrome c oxidase subunit Vila polypeptide 1
(muscle); similar to neuralin 1; B cell translocation
gene 1; hypothetical protein FLJ23191; and
DKFZp586L151; h) secretion of at least one of MCP- 1,
IL-6, IL-8, GCP-2, HGF, KGF, FGF, HBEGF, BDNF, TPO,
MIPIa, RANTES, and TIMPl; and i) lack of secretion of
at least one of TGF-bcta2, ANG2, PDGFbb, MIPIb, 1309,
MDC, and VEGF, as detected by ELISA. 2. The method of
claim I 5wherein the peripheral vascular disease is
peripheral ischemia. 3. The method of claim 1, wherein
the cells arc induced in vitro to differentiate into a
skeletal muscle, vascular smooth muscle, pericyte, or
vascular endothelium lineage cells prior to
administration.4. The method of claim 1, wherein the
cells are genetically engineered to produce a gene
product that promotes treatment of peripheral vascular
disease. 5. The method of claim 1, wherein the cells
are administered with at least one other cell type. 6.
The method of claim 5, wherein the other cell type is
a skeletal muscle cell, skeletal muscle progenitor
cell, vascular smooth muscle cell, vascular smooth
muscle progenitor cell, pericyte, vascular endothelial
cell, vascular endothelium progenitor cell, or other
multipotcnt or pluripotcnt stem cell. 7. The method of
claim 5, wherein the at least one other cell type is
administered simultaneously with, or before, or after,
the postpartum-derived cells. 8. The method of claim
1, wherein the cells are administered with at least
one other agent. 9. The method of claim 8, wherein the
agent is an antithrombogenic agent, an
antiinflammatory agent, an immunosuppressive agent, an
immunomodulatory agent, proangiogenic, or an
antiapoptotic agent. 10. The method of claim 8,
wherein the agent is administered simultaneously with,
or before, or after, the postpartum-derived cells. 11.
The method of claim 2, wherein the cells are
administered at the sites of the peripheral ischemia.
12. The method of claim 1, wherein the postpartum
derived cells are administered by injection, infusion,
a device implanted in the patient, or by implantation
of a matrix or scaffold containing the cells. 13. The
method of claim 1 wherein the cells exert a trophic
effect on the skeletal muscle of the patient. 14. The
method of claim 1, wherein the cells exert a trophic
effect on the vascular smooth muscle of the
patient.15. The method of claim 14, wherein the
trophic effect is proliferation of the vascular smooth
muscle cells 16. The method of claim 1, wherein the
cells exert a trophic effect on the vascular 



endothelium of the patient. 17. The method of claim
16, wherein the trophic effect is proliferation of the
vascular endothelial cells. 18. The method of claim 1.
wherein the cells induce migration of vascular
endothelial cells to the sites of the peripheral
vascular disease. 19. The method of claim 1, wherein
the cells induce migration of vascular endothelium
progenitor cells to the sites of the peripheral
vascular disease. 20. The method of claim 1, wherein
the cells induce migration of vascular smooth muscle
cells to the sites of the peripheral vascular disease.
21. The method of claim 1, wherein the cells induce
migration of vascular smooth muscle progenitor cells
to the sites of the peripheral vascular disease. 22.
The method of claim 1, wherein the cells induce
migration of pericytes to the sites of the peripheral
vascular disease. 23. A pharmaceutical composition for
treating a patient having a peripheral vascular
disease, comprising a pharmaceutically acceptable
carrier and postpartum-derived cells in an amount
effective to treat the peripheral vascular disease
wherein the postpartum-derived cells are derived from
human placental or umbilical cord tissue substantially
free of blood, wherein the cells are capable of
self-renewal and expansion in culture and have the
potential to differentiate into cells of at least a
skeletal muscle, vascular smooth muscle, pericyte, or
vascular endothelium phenotype; wherein the cells
require L-valine for growth and can grow in at least
about 5% oxygen; wherein the cells further comprise at
least one of the following characteristics:a)
potential for at least about 40 doublings in culture;
b) attachment and expansion on a coated or uncoated
tissue culture vessel, wherein the coated tissue
culture vessel comprises a coating of gelatin,
laminin, collagen, polyornithine, vitronectin, or
fibronectin; c) production of at least one of tissue
factor, vimentin, and alpha-smooth muscle actin; d)
production of at least one of CD10, CD13, CD44, CD73,
CD90, PDGFralpha, PD-L2 and HLA-A B C; e) lack of
production of at least one of CD3 1, CD34, CD45, CD80,
CD86, CDl 17, CD141, CD178, B7-H2, HLA-G, and
HLA-DR,DP,DQ, as detected by flow cytometry; f)
expression of a gene, which relative to a human cell
that is a fibroblast, a mesenchymal stem cell, or an
ileac crest bone marrow cell, is increased for at
least one of a gene encoding: interleukin 8; reticulon
1; chemokine (C-X-C motif) ligand 1 (melonoma growth
stimulating activity, alpha); chemokine (C-X-C motif)
ligand 6 (granulocyte chemotactic protein 2);
chemokine (C-X-C motif) ligand 3; tumor necrosis
factor, alpha-induced protein 3; C-type lectin
superfamily member 2; Wilms tumor 1; aldehyde
dehydrogenase 1 family member A2; renin; oxidized low
density lipoprotein receptor 1; Homo sapiens clone
IMAGE:4 179671; protein kinase C zeta; hypothetical
protein DKFZp564F013; downregulated in ovarian cancer
1; and o sapiens gene from clone DKFZp547kl 113. 



g) expression of a gene, which relative to a human
cell that is a fibroblast, a mesenchymal stem cell, or
an ileac crest bone marrow cell, is reduced for at
least one of a gene encoding: short stature homeobox
2; heat shock 27 kDa protein 2; chemokine (C-X-C
motif) ligand 12 (stromal ccll-dcrivcd factor 1);
clastin (supravalvular aortic stenosis,
Williams-Beuren syndrome); Homo sapiens mRNA; cDNA
DKFZp586M2022 (from clone DKFZp586M2022); mesenchyme
homeo box 2 (growth arrest-specific homeo box); sine
oculis homeobox homolog 1 (Drosophila); crystallin,
alpha B; disheveled associated activator of
morphogenesis 2; DKFZP586B2420 protein; similar to
neuralin 1; tetranectin (plasminogen binding protein);
src homology three (SH3) and cysteine rich domain;
cholesterol 25- hydroxylase; runt-related
transcription factor 3; interleukin 11 receptor,
alpha; procollagen C-endopeptidase enhancer; frizzled
homolog 7 (Drosophila); hypothetical gene BC008967;
collagen, type VJlI, alpha 1; tenascin C
(hexabrachion);iroquois homeobox protein 5;
hephaestin; integrin, beta 8; synaptic vesicle
glycoprotein 2; neuroblastoma, suppression of
turnorigenicity 1; insulin-like growth factor binding
protein 2, 36kDa; Homo sapiens cDNA FLJ12280 fis,
clone MAMMA 1001744; cytokine receptor-like factor 1;
potassium intermediate/small conductance
calcium-activated channel, subfamily N, member 4;
integrin, beta 7; transcriptional co-activator with
PDZ-binding motif (TAZ); sine oculis homeobox homolog
2 (Drosophila); KIAAl 034 protein; vesicle-associated
membrane protein 5 (myobrevin); EGF-containing
fibulin-like extracellular matrix protein 1; early
growth response 3; distal-less homeo box 5;
hypothetical protein FLJ20373; aldo-keto reductase
family 1, member C3 (3-alpha hydroxysteroid
dehydrogenase, type II); biglycan; transcriptional
co-activator with PDZ-binding motif (TAZ); fibronectin
1; proenkephalin; integrin, beta-like 1 (with EGF-like
repeat domains); Homo sapiens mRNA full length insert
cDNA clone EUROTMAGE 1968422; EphA3; KTAA0367 protein;
natriuretic peptide receptor C/guanylate cyclase C
(atrionatriuretic peptide receptor C); hypothetical
protein FLJ 14054; Homo sapiens mRNA; cDNA
DKFZp564B222 (from clone DKFZp564B222);
BCL2/adenovirus ElB 19kDa interacting protein 3-like;
AE binding protein 1; cytochrome c oxidase subunit
Vila polypeptide 1 (muscle); similar to neuralin 1; B
cell translocation gene 1; hypothetical protein FLJ23
191; and DKFZp586L151; h) secretion of at least one of
MCP-I , IL-6, IL-8, GCP-2, HGF, KGF, FGF, HB-EGF,
BDNF, TPO, MIPIa, RANTES, and TIMPl; and i) lack of
secretion of at least one of TGF-beta2, ANG2, PDGFbb,
MIPIb, 1309, MDC, and VEGF, as detected by ELISA. 24.
The pharmaceutical composition of claim 23, wherein
the peripheral vascular disease is peripheral
ischemia. 25. The pharmaceutical composition of claim
23, wherein the cells are induced in vitro to
differentiate into a skeletal muscle lineage prior to
formulation of the composition. 26. The pharmaceutical
composition of claim 23, wherein the cells are induced
in vitro to differentiate into a vascular smooth
muscle lineage prior to formulation of the
composition.27. The pharmaceutical composition of
claim 23, wherein the cells are induced in vitro to
differentiate into a vascular endothelium lineage
prior to formulation of the 



composition. 28. The pharmaceutical composition of
claim 23, wherein the cells are genetically engineered
to produce a gene product that promotes treatment of
peripheral vascular disease. 29. The pharmaceutical
composition of claim 23, comprising at least one other
cell type. 30. The pharmaceutical composition of claim
29, wherein the other cell type is a skeletal muscle
cell, skeletal muscle progenitor cell, vascular smooth
muscle ceil, vascular smooth muscle progenitor cell,
pericyte, vascular endothelial cell, vascular
endothelium progenitor cell, or other multipotent or
pluripotent stem cell. 31. The pharmaceutical
composition of claim 23, comprising at least one other
agent. 32. The pharmaceutical composition of claim 31,
wherein the agent is an antithrombogenic agent, an
anti -inflammatory agent, an immunosuppressive agent,
an immunomodulatory agent, or an antiapoptotic agent.
33. The pharmaceutical composition of claim 23,
formulated for administration by injection or
infusion. 34. The pharmaceutical composition of claim
23, wherein the cells are encapsulated within an
implantable device. 35. The pharmaceutical composition
of claim 23, wherein the cells are contained within a
matrix or scaffold. 36. The pharmaceutical composition
of claim 23, wherein the cells exert a trophic effect
on the skeletal muscle of a patient. 37. The
pharmaceutical composition of claim 23, wherein the
cells exert a trophic effect on the vascular smooth
muscle of a patient.38. The pharmaceutical composition
of claim 37, wherein the trophic effect is
proliferation of the vascular smooth muscle cells. 39.
The pharmaceutical composition of claim 23, wherein
the cells exert a trophic effect on the vascular
endothelium of a patient. 40. The pharmaceutical
composition of claim 39, wherein the trophic effect is
proliferation of the vascular endothelial cells. 4 1.
The pharmaceutical composition of claim 23, wherein
the cells induce migration of vascular endothelial
cells to the sites of the peripheral vascular disease.
42. The pharmaceutical composition of claim 23,
wherein the cells induce migration of vascular
endothelium progenitor cells to the sites of the
peripheral vascular disease. 43. The pharmaceutical
composition of claim 23, wherein the cells induce
migration of vascular smooth muscle cells to the sites
of the peripheral vascular disease. 44. The
pharmaceutical composition of claim 23, wherein the
cells induce migration of vascular smooth muscle
progenitor cells to the sites of the peripheral
vascular disease. 45. The pharmaceutical composition
of claim 23, wherein the cells induce migration of
pericytes to the sites of the peripheral vascular
disease. 46. A kit for treating a patient having
peripheral vascular disease, the kit comprising a
pharmaceutically acceptable carrier, a population of
postpartum-derived cells and instructions for using
the kit in a method of treating the patient, wherein
the postpartum-derived cells are derived from human
placental or umbilical cord tissue substantially free
of blood, wherein the cells are capable of
self-renewal and 



expansion in culture and have the potential to
differentiate into cells of at least a skeletal
muscle, vascular smooth muscle, pericyte, or vascular
endothelium phenotype; wherein the cells require
L-valine for growth and can grow in at least about 5%
oxygen; wherein the cells further comprise at least
one of the following characteristics: a) potential for
at least about 40 doublings in culture;b) attachment
and expansion on a coated or imcoated tissue culture
vessel, wherein the coated tissue culture vessel
comprises a coating of gelatin, laminin, collagen,
polyornithine, vitronectin, or fibronectin; c)
production of at least one of tissue factor, vimentin,
and alpha-smooth muscle actin; d) production of at
least one of CDlO, CD13, CD44, CD73, CD90, PDGFralpha,
PD-L2 and HLA-A B C; e) lack of production of at least
one of CD31, CD34, CD45, CD80, CD86, CDl 17, CD141,
CD178, B7-H2, HLA-G, and HLA-DR5DP DQ, as detected by
flow cytometry; f) expression of a gene, which
relative to a human cell that is a fibroblast, a
mesenchymal stem cell, or an ileac crest bone marrow
cell, is increased for at least one of a gene
encoding: interleukin 8; reticulon 1; chemokne (C-X-C
motif) ligand 1 (melonoma growth stimulating activity,
alpha); chemokine (C-X-C motif) ligand 6 (granulocyte
chemotactic protein 2); chemokine (C-X-C motif) ligand
3; tumor necrosis factor, alpha-induced protein 3;
C-type lectin superfamily member 2; Wilms tumor 1;
aldehyde dehydrogenase 1 family member A2; renin;
oxidized low density lipoprotein receptor 1; Homo
sapiens clone IMAGE:4179671; protein kinase C zeta;
hypothetical protein DKFZp564F013; downregulated in
ovarian cancer 1; and Homo sapiens gene from clone
DKFZp547kl 113. g) expression of a gene, which
relative to a human cell that is a fibroblast, a
mesenchymal stem cell, or an ileac crest bone marrow
cell, is reduced for at least one of a gene encoding:
short stature homeobox 2; heat shock 27 kDa protein 2;
chemokine (C-X-C motif) ligand 12 (stromal
cell-derived factor 1); elastin (supravalvular aortic
stenosis, Williams-Bcurcn syndrome); Homo sapiens
mKNA; cDNA DKFZp586M2022 (from clone DKFZp586M2022);
mesenchyme homeo box 2 (growth arrest-specific homeo
box); sine oculis homeobox homolog 1 (Drosophilci);
crystallin, alpha B; disheveled associated activator
of morphogenesis 2; DKFZP586B2420 protein; similar to
neuralin 1; tetranectin (plasminogen binding protein);
src homology three (SH3) and cysteine rich domain;
cholesterol 25- hydroxylase; runt-related
transcription factor 3; interleukin 11 receptor,
alpha; procollagen C-endopeptidase enhancer; frizzled
homolog 7 (Drosophil) ; hypothetical gene BC008967;
collagen, type VIII alpha 1; tenascin C
(hexabrachion); iroquois homeobox protein 5;
hephaestin; integrin, beta 8; synaptic
vesicleglycoprotein 2; neuroblastoma, suppression of
tumorigenicity 1; insulin-like growth factor binding
protein 2, 36kDa; Homo sapiens cDNA FLJ12280 f s,
clone MAMMA 100 1744; cytokine receptor-like factor 1;
potassium intermediate/small conductance
calcium-activated channel, subfamily N, member 4;
integrin, beta 7; transcriptional co-activator with
PDZ-binding motif (TAZ); sine oculis homeobox 



homolog 2 (Drosophila); BGAAl034 protein;
vesicle-associated membrane protein 5 (myobrevin);
EGF-containing fibulin-like extracellular matrix
protein 1; early growth response 3; distal-less homeo
box 5; hypothetical protein FLJ20373; aldo-keto
reductase family 1, member C3 (3-alpha hydroxysteroid
dehydrogenase, type II); biglycan; transcriptional
co-activator with PDZ-binding motif (TAZ); flbronectin
1; proenkephalin; integrin, beta-like 1 (with EGF-like
repeat domains); Homo sapiens mKNA full length insert
cDNA clone EUROIMAGE 1968422; EphA3; KIAA0367 protein;
natriuretic peptide receptor C/guanylate cyclase C
(atrionatriuretic peptide receptor C); hypothetical
protein FLJ14054; Homo sapiens mRNA; cDNA DKFZp564B222
(from clone DKFZp564B222); BCL2/adenovirus ElB 19kDa
interacting protein 3-like; AE binding protein 1;
cytochrome c oxidase subunit Vila polypeptide 1
(muscle); similar to neuralin 1; B cell translocation
gene 1; hypothetical protein FLJ23191; and
DKFZp586L151; h) secretion of at least one of MCP-I ,
IL-6, IL-8, GCP-2, HGF, KGF, FGF, HB-EGF, BDNF, TPO,
MIPIa, RANTES5 and TIMPl; and i) lack of secretion of
at least one of TGF-bcta2, ANG2, PDGFbb, MIP Ib, 1309,
MDC, and VEGF, as detected by ELISA. 47. The kit of
claim 46, which further comprises at least one reagent
and instructions for culturing the postpartum-derived
cells. 48. The kit of claim 46, which further
comprises a population of at least one other cell
type. 49. The kit of claim 46, which further comprises
at least one other agent for treating peripheral
vascular disease. 50. A pharmaceutical composition for
treating a patient having peripheral vascular disease,
which comprises a pharmaceutically acceptable carrier
and a preparation made from postpartum-derived cells,
wherein the postpartum derived cells arederived from
human placental or umbilical cord tissue substantially
free of blood, are capable of self-renewal and
expansion in culture, have the potential to
differentiate into cells of at least a skeletal
muscle, vascular smooth muscle, pericyte, or vascular
endothelium phenotype, require L-Valine for growth,
are capable of growth in an atmosphere containing at
least about 5% oxygen, and comprise at least one of
the following characteristics: a. potential for at
least about 40 doublings in culture; b. attachment and
expansion on a coated or uncoatcd tissue culture
vessel, wherein a coated tissue culture vessel
comprises a coating of gelatin, laminin, collagen,
polyornithine, vitronectin, or fbronectin; c.
production of at least one of tissue factor, vimentin,
and alpha-smooth muscle actin; d. production of at
least one of CDlO, CD13, CD44, CD73, CD90,
PDGFr-alpha, PD-L2 and HLA-A B5C; e. lack of
production of at least one of CD31, CD34, CD45, CD80,
CD86, CDl 17, CD141, CD178, B7-H2, HLA-G, and
HLA-DR,DP,DQ, as detected by flow cytometry; f .
expression of at least one of interleukin 8; reticulon
1; chemokine (C-X-C motif) 



ligand 1 (melanoma growth stimulating activity,
alpha); chemokine (C-X-C motif) ligand 6 (granulocyte
chemotactic protein 2); chemokine (C-X-C motif) ligand
3; and tumor necrosis factor, alpha-induced protein 3;
g. expression of at least one of C-type (calcium
dependent, carbohydrate-recognition domain) lectin,
superfamily member 2 (activation-induced); Wilms tumor
1; aldehyde dehydrogenase 1 family, member A2; and
renin; oxidized low density lipoprotein (lectin-like)
receptor 1; Homo sapiens, clone IMAGE:4 179671, mRJMA,
partial cds; protein kinase C, zeta; hypothetical
protein DKFZp564F013; downregulated in ovarian cancer
1; Homo sapiens mRNA; and cDNA DKFZp547Kl 113 (from
clone DKPZp547Kl 113);expression of a gene, which
relative to a human cell that is a fibroblast, a
mesenchymal stem cell, or an ileac crest bone marrow
cell, is reduced for at least one of: short stature
homeobox 2; heat shock 27kDa protein 2; chemokine
(C-X-C motif) ligand 12 (stromal cell-derived factor
1); elastin (supravalvular aortic stenosis,
Williams-Beuren syndrome); Homo sapiens mRNA; cDNA
DKFZp586M2022 (from clone DKFZp586M2022); mesenchyme
homeobox 2 (growth arrest-specific homeobox); sine
oculis homeobox homolog 1 (Drosophila); crystallin,
alpha B; dishevelled associated activator of
morphogenesis 2; DKFZP586B2420 protein; similar to
neuralin 1; tetranectin (plasminogen binding protein);
src homology three (SH3) and cysteine rich domain;
B-cell translocation gene 1, antiproliferative;
cholesterol 25- hydroxylase; runt-related
transcription factor 3; hypothetical protein FLJ23
191; interleukin 11receptor, alpha; procollagen
C-endopeptidase enhancer; frizzled homolog 7
(Drosophila); hypothetical gene BC008967; collagen,
type VIII, alpha 1; tenascin C (hexabrachion);
iroquois homeobox protein 5; hephaestin; integral,
beta 8; synaptic vesicle glycoprotein 2; Homo sapiens
cDNA FLJ12280 fis, clone MAMMA1001744; cytokine
receptor-like factor 1; potassium intermediate/small
conductance calcium-activated channel, subfamily N,
member 4; integrin, alpha 7; DKFZP586L151 protein;
transcriptional co-activator with PDZ-binding motif
(TAZ); sine oculis homeobox homolog 2 (Drosophila);
KIAAl 034 protein; early growth response 3;
distal-lcss homeobox 5; hypothetical protein FLJ20373;
aldoketo reductase family 1, member C3 (3-alpha
hydroxysteroid dehydrogenase, type II); biglycan; f
bronectin 1; proenkephalin; integrin, beta-like 1
(with EGF-like repeat domains); Homo sapiens mRNA full
length insert cDNA clone EIJROIMAGE 1968422; EphA3;
KIAA0367 protein; natriuretic peptide receptor
C/guanylate cyclase C (atrionatriuretic peptide
receptor C); hypothetical protein FLJ 14054; Homo
sapiens mRNA; cDNA DKFZp564B222 (from clone
DKFZp564B222); vesicle-associated membrane protein 5
(myobrevin); EGFcontaining fibulin-like extracellular
matrix protein 1; BCL2/adenovirus ElB 19kDa
interacting protein 3-like; AE binding protein 1;
cytochrome c oxidase subunit Vila polypeptide 1
(muscle); neuroblastoma, suppression of tumorigenicity
1; insulin-like growth factor binding protein 2,
36kDa;i . secretion of at least one of MCP-I, IL-6,
IL-8, GCP-2, HGF, KGF, FGF, HBEGF, BDNF, TPO, MIPIa,
RANTES, and TIMPl; and j . lack of secretion of at
least one of TGF-beta2, ANG2, PDGFbb, MIPIb, 1309, 



MDC, and VEGF, as detected by ELISA; and wherein the
preparation comprises a cell lysate of the
postpartum-derived cells, an extracellular matrix of
the postpartum-derived cells or a conditioned medium
in which the postpartum-derived cells were grown. 51.
The pharmaceutical composition of claim 50, wherein
the preparation made from postpartum derived cells
exerts a trophic effect on the vascular endothelium.
52. The pharmaceutical composition of claim 51,
wherein the trophic effect is proliferation of the
vascular endothelial cells. 53. The pharmaceutical
composition of claim 50, wherein the preparation made
from postpartum derived cells induces migration of
vascular endothelial cells to the sites of the
peripheral vascular disease. 54. The pharmaceutical
composition of claim 50, wherein the preparation made
from postpartum derived cells induces migration of
vascular endothelium progenitor cells to the sites of
the peripheral vascular disease. 55. The
pharmaceutical composition of claim 50, wherein the
preparation made from postpartum derived cells induces
migration of vascular smooth muscle cells to the sites
of the peripheral vascular disease. 56. The
pharmaceutical composition of claim 50, wherein the
preparation made from postpartum derived cells induces
migration of vascular smooth muscle progenitor cells
to the sites of the peripheral vascular disease. 57.
The pharmaceutical composition of claim 50, wherein
the peripheral vascular disease is peripheral
ischemia.58. The pharmaceutical composition of claim
50, wherein the composition comprises FGF and HGF. 59.
A method of treating a patient having peripheral
vascular disease, comprising administering to the
patient the pharmaceutical composition of claim 42 in
an amount effective to treat the peripheral vascular
disease. 60. A kit for treating a patient having
peripheral vascular disease, which comprises a
pharmaceutically acceptable carrier, the
pharmaceutical preparation of claim 42, instructions
for using the kit components for treatment of the
peripheral vascular disease. 


