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NAFT IR A ROBETHRRERICETIHR

TEBFRE WA ER EIREERYE DY PR
et - MUBFER BE

WEESE: NAF75R /A LB RRAYVAT—F I HIEERICED. B
BIIZN LT MLL #{ETOBFBRESIFE T EMBEINTVNS, MLL #ET0OH
BRRAanRORERESETS o ENS, BERAD BFN B &I6EOTLIB IR
JE L OBEME VBRSNS, FITERETIE, £46N BN 2EELUAEE0O MRS
Higizxtds ML BETOBEBRERICODWTRHL, TORESHEDHERRE O
fBIZOVWTRHATEZEZEHNELTWS, PEEBCHEILE “GEFREIUAERL
e MEMBREEETTIL 2350%HEL. BELAE MEORMAEIZETS BEN O
BMBREERESY 70y METICEDBRS LR, MLL BEFUKS T
AN, EFMERTHEERINRN -/~ £/, RLPCR, ligation-mediated PCR %
EDEEIns MLL BETFTOBEBRIEDWTRFMLEN, BRI E, Zh
FTOoMmFESHE T, BN 3EARTHMERMRIC MLL BETOUVREZHE T,
ZOMBIIRAZMEICEEINTED, FEUHNABZI > THISICHOBREBETFED
BERZECTEHEERERZIZEVWDOL#ERIENS, RAMBOREIZIE BEN X5
MLL BETOUHOATIRTLTREL. ZREMATRA MO shOMOBERL
BETHHEEZOSND, T/, BEO BEN BRI L 2GRS LMENOER OB
=0 “IHRLIZRERET Y ERWZE MNERBMBERETTI” OBIEEEL.
TORNFERELTEERF Y AMBRE Y O— U REOER &FBIT. hoicTs ¥
SENERETORSE, BELffiEiTol.
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£ 1 BREOLEICEEN L IRB MR
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BRSO MLL SETHEHEROB SR
SRRENTWS, JHICEEL T, BirkE
@ R. Stick 5%, BREKZLECEENSN
AF47 5K A R@INMEEL iR H
RAERIZH LT Topoll MIAMEM ZRL. MLL
BETOBMEBEIEREITILEGELT
B, KENH B ZHNCELERLTVWS,
BN AFERPN—THICHBEICEENS
Z &, LRAMKBOFRERBEEIREAIRN
ZEREERERTDE, RYEHN MLL HBH{H
FOBEBECEEERTT6EME, S5
WCEOERNIEEROBHEICETTESICD
WTRBRIHHTS &R END, FC
THEPIETIE. LEgEE2ER 5L 281,
I BEN 285 L8810, ERICniE

FHRZIC MLL BIETBHEENEZZ200E
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ENABEBEETTVe, BRELEAERSE
& OIBRICAFMIC & g ImME T,
BHETIERTT . SERuRitck
STHLMCTATZ LEAMET S,
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EDMEBHELI,
2. WOy BEEET
ZHAF Flavone 22> BEN % 16 BRI
BEEs,. 4 A DNA ZHiH L7, PCR T#
18 L 7= MLL #{5F @ Break point cruster i
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w MR ETO . BT Oy ORI
DIG ELaR-(L ¥R TITo 1=,
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BEFO SO/ % FITC T, 3G O8H
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H\WT, FISH @B E2{To7=,
4__PCR Iz O MLL BiESBEFO
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ZHFE T Topoll A DIERICES T
BHINAEH&EINTWS ML #E5T0
BHRICLSREBEFOI—I IV AER
IZHJE PCR 7514 v—%28/KL. BEN 4
L 7= B35 HREER BV173 OF DNA 12T 5
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5. ligation-mediated PCR
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DEMPL-0L, BEREEEH D T4
INBRETIHY I3 AT 75 —HIcL-T
B VB L. TOHIC, v RS
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WIEREETL, EMOREELY—F—iZ
Lo THmLE. Bon-Miparsy /A
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4) MipgE70%1T5 /- TCEELT/OY
DAL F Y1 RTEDNAZREL, FOM
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RaZEgRE Lz,
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DWT, TYEMBROEAMEEICNT S5
BILEIZEDFODTFREREL . BRE
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1. 55 7 AEERAB IS y/6T
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BAC ZOu—&AL)—-=FL, 7%
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WBTHriST Mgk e2E cDNA 51
TS5 —DRITETY, B NRREERIT,
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cDNA Edx)&#se Ui,
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—EfD BEN {ZX % BV173 123935 MLL it
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BERMEMND D FRMFEHARGE Kse2 4T3
INERDITMO T,

B ERTIE. MLL #EFOUITR
RTELN., MMOBETLOBHRICEST
AU EETICODVTIIRRTSZ &4
TERW, FIT. hoFEZRA VAR E
oz, 9, BVI73 2L T MLL BEF
@ BFN I Xk % {5 F U 5 2 47 o8
Breakpoint cruster region (BCR) @ 5'F] & 3
EFENTNRALLIBEORAEAZRTS~LL
o7 n—7% R\ FISH i X 54T 17
o724, Flavone 8512k 5 7N Ok
2RO, o T, KELOHBETIX
BFN {2 &> T MLL BETFOUENEZ - T
b, TOTERAEIEC ST, Fox T
EHIZETEL THA iR RE E N,

Eir, IRETIZHE IR TWS MLL &
EHETFIIOVWT TS —2{ERL.
Flavone Z#¥51%0 BV173 B DNA 2L T
PCR %{To 74, BBL-HETILEETY
FoBtEEEniahol &b, BaoR
G~ b —EOBEFEEHIIEZ >TW
IR EE AR X s,

I5IT, BEN 1245 MLL #EnFo8mo
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N—hr—BET-OBETFHIBROBRED
L EOHAEHEORMNVVELRFEELT.
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Topoll HIFIHIC &% MLL #ETOTEO
BCR % BamHI iz X% 82kB EfH @ SfHH S
¥ 7kB O BEICEEINTWA &S,
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AV TART7I—CFRBLTTFY S 5—%
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s I naho i,
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AML EF AR Z A=, & AR
% FISH fRtiD# %, FITC & PE O F)1
DEEMARDH LN, MLL #EFOHREO
insertion 25%’) Wit duplication AURM I =,

F/z. RI-PCR DFEHR. 250bp & 450bp O 2
D band RFESN=, FNTFNROI—H T
ADERE MLL #{5F® Exon 8 & Exon 2
BLExon 6 & Exon 2 12 2 O St
Beshizc/zn, ML #{EF ® tandem
duplication 7S ¥ B U /=, ¥ 7~ KOPMsS #*
NODISCID ¥ AKBM L& AH1E
MEDES, HMEERDTE,
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BT F) (UM - fH - EE)

b bl ERRAIA B S NOD/SCID, NOG 7
AW BN 28450, £ MRREERLT
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T E{TFo-#E, BIN BSH O MAI0LF
YR BVIT3 Tl MLL B EFOUEIHE
A NN PCR. IMPCRIY—2 L3
Tz LA CIIMLOBETFLEOBEBRER
Heaz&ixeEihol, £, CD34 B
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RTIE, ML BTN EZHETELRM

RO o):@f%"c* BV173 ﬁﬁﬂﬂé‘: BFN 4L
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DNA OWHF SR LEEZ S,
Flavone %@ BEN ' BVI73 2 &3 3%
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BHoheEhol, £, HxOMEK, EYE
MR DWTREROBRME LEFR, £2<0
RO BN W& 2RHEO E S mMER AR
P, BB S MEER L ARG
BRARMARE LU B AIRMRSEOEY £ hER
HIZC 7R - A2BETE I LM
ol

T/, IR X BIN 2REERESEL -
EZB, EENTELFIUATIR., WHEE
TR LT, HELEHNEERD=,
7 RERE T OERBEIREOMIFV AT

D] .
A3 TIIRHEN BEN 2R LB EOMK

RS AOERIC O WTHN TS BT,

HEL Z0BRe Y ORI Mg
JBEBELTE MNEMRZHEE TS TFIE
REFIINOHIEETELE, YHOHET
2. B2 EEORRTEERETYOHERAMN
AREL BB EAABTH N, FOERICT
L EICRERS AN D, RN ERT
BZLEMTERIOE, TNETIZ. RAG
BETOKRTIZLD U NBRODE - A
HEINSVATAZHBEL, chEzHEAL
P27 YRR EE L, BEXED
R Fr—LEEKEL, ZOMREOKE
BHL- RAG BEI O~ 75 OEHER
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TDSB, BicU URBRO—EERET S
7G3 BLU 6F10 DWW, FNFNORH
HEN T #EFESEETCR) 6 81, CD8a
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Abstract

To investigate the behavior of hematopoietic stem cells (HSCs) in cord blood (CB), we analyzed the expression and function of
TIE2, a tyrosine kinase receptor. A subpopulation of Lineage (Lin) ~M*¥CD34% cells in CB expressed TIE2 (18.8%). Assays for long-
term culture-initiating cells (LTC-IC) and cobble-stone formation revealed that Lin~*CD34*TIE2* cells showed to have a ca-
pacity of primitive hematopoietic precursor cells in vitro. When Lin"**CD34*TIE2* cells were cultured on the stromal cells, they
transmigrated under the stromal layers and kept an immature character for a few weeks. By contrast, Lin~"**CD34* TIE2~ cells
differentiated immediately within a few weeks. Finally, we confirmed that t x 10* Lin™*"CD34+TIE2* cells were engrafted in non-
obese diabetic/severe combined immunodeficiency (NOD/SCID) mice, while 1 x 10* Lin™**CD34*TIE2™ cells were not. Taken
together, we conclude that TIE2 is a marker of HSCs in CB. A ligand for TIE2, Ang-1 promoted the adhesion of sorted primary

Lin™"*"CD34*TIE2* cells to fibronectin (FN), and this adhesion may play a critical role in keeping HSCs in an immature status

under the stromal cetlls,
© 2002 Elsevier Science (USA). All rights reserved.
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Hematopoietic stem cells (HSCs) are defined as cells
having hematopoietic reconstitution capacities after
transplantation [1,2]. In mice, stem cell assays have been
developed to evaluate the repopulating capacity in bone
marrow cells [3]. On the other hand, human hemato-
poietic stem cell assays have been limited. Several in
vitre assays have been designed in parallel to better
characterize the hierarchy of human hematopoietic
primitive cells. One of these is the long-term culture-
initiating cell (LTC-IC) assay, which defines a popula-
tion of primitive progenitors remaining after long-term
culture [4-7). More recently, xenograft assays have been
developed to test the engrafting capacities of human
cells in non-obese diabetic/severe combined immunode-
ficient (NOD/SCID) mice [8-12].

* Corresponding author. Fax: +81-3-5363-3474.
E-mail address: sudato@sc.itc.keio.ac.jp (T. Suda).

Definition of the hematopoietic hierarchy has been
facilitated by the identification of differentiation anti-
gens [13-16). It has been generally considered that
primitive hematopoietic cells lack lineage makers, as-
suming that they appear after commitment or during
late stages of differentiation. Development of the he-
matopoietic cells is closely related to angiogenesis,
suggesting the existence of common progenitors, he-
mangioblasts [17]. Endothelial cells are thought to be
critical for hematopoiesis, since mice lacking the vas-
cular endothelial growth factor (VEGF) receptor ty-
rosine kinase Flk-1 and Flt-1 die of defects in
endothelial and hematopoietic cell function [18,19].
Furthermore, Flk-1 has been shown to be essential for
both endothelial and hematopoietic stem cell develop-
ment [20]. We and other groups have characterized the
other subfamilies of endothelial receptor tyrosine kin-
ases {21,22], TIE2/Tek. Mice lacking TIE2 die from
defects in angiogenesis and vascular remodeling, as

0006-291X/02/% - see front matter © 2002 Elsevier Science (USA). All rights reserved.
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well as vessel integrity between 9.5 and 10.5 days
postcoitum (d:p.c.) [23,24]. Our previous study also

suggested that TIE2 plays an essential role in the de-

velopment of definitive hematopoiesis in the aorta~
gonad-mesonephros (AGM) region [25], including
omphalomesenteric/vitelline artery at 9.5 d.p.c. TIE2
expressing celis from the AGM region differentiate into
hematopoietic and endothelial cells in vitro [26).
Moreover, mice lacking a ligand for the TIE2 receptor,
angiopoietin-1 (Ang-1), display angiogenic deficits
similar to but slightly less severe than mice lacking
TIE2 [27]. TIE2 controls the ability of endothelial cells
to recruit periendothelial supporting cells to stabilize
the structure of blood vessels and modulate their
function. In this study, we characterize human HSCs
in CB, which express TIE2 and clarify the effect of
Ang-1 on H8C s,

Materials and methods

Cell preparation. Human umbilical CB cells were harvested in
sterile blood bags containing citrate-dextrose solution as the anti-
coagulant (SC-207; Terumo, Tokyo, Japan). Writien informed con-
sent was obtained from all pregnant women. Cells were centrifuged
over Ficoll-Paque PLUS (Amersham Pharmacia Biotech) for 30 min
at 400¢ [28]. Obtained mononuclear cells were suspended in staining
medium containing 5% of fetal bovine serum (FBS; JRH Bio-

sciences, Lenexa, KS) in ph@sphate-buffered saline (PBS) and used
in the following experiment, Before staining, Fc receptors on cells
were blocked with 5pg/10° cells of purified anti-monse CD16/CD32
Fc receptor (FcR) (Becton-Dickinson PharMingen, San Diego, CA)
for 30min on ice. Cells were stained with CD34-FITC (Nichirei,
Tokyo, Japan) and incubated for 20 min on ice, After being washed
twice with PBS, the cells were mixed with anti-fluorescein isothio-
cyanate (FITC) MicroBeads and incubated with for !5min on ice.
CD34* cells were isolated by magnetic cell separation {(auto MACS;
Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Separation
of CD34% cells was carried out according to manufacturer’s rec-
ommendations. The residual depleted mononuclear cells served as
CD34™ cells, :

Antibodies and reagents. The following antibodies (all antibodies
are mouse anti-human monoclonal antibodies (mAbs) unless other-
wise stated) and reagents were used for immunofluorescent staining:
mouse IgGIk-FITC, mouse IgGlx-phycoerythrin (PE), mouse
IgGlx-biotin, CD45-FITC, CD45-PE, CD45-biotin, streptavidin-
APC, CD4-PE, CD8-PE, CD!3-PE, CD14-PE, CDI19-PE, CD20-PE,
CD33-PE, Glycohorin A-PE, CD34-FITC, and purified TIE2
(Nichirei, Tokyo, Japan). A mixture of CD4, CD8, CDI13, CD14,
CD19, CD20, CD33, and Glycohorin A were used as lineage makers
(Lin).

Cell staining and flow . cytometry. MACS-selected CD34* cells
were flushed, resuspended in staining buffer (PBS containing 5%
FBS), and stained with FITC-CD34 mAb (NU-4A), PE-lineage
markers, and the biotinylated anti-TIE2 mAb, followed by allo-
phycocyanin-conjugated streptavidin (Becton-Dickinson PharMin-
gen). FACS analysis and cell sorting were performed on a FACS
vantage (Becton-Dickinson, San Jose, CA) equipped with 488 argon
and 632 He/Ne lasers. About 1x 10° cells were analyzed using
CellQuest software (Becton—Dickinson). The fluorescence intensity of
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Fig. 1. Flow cytometry of TIE2-positive cells in CD34* hematopoietic progenitors in cord blood. R1 defines a blast gate which excludes cells with
high SCC and debris with low FSC. R2 and R3 define Lin™"" cells and Lin* cells, respectively. The lower panels show the FACS pattern of CD34*
cells separated by MACS. Percentage of cells in each quadrant indicated is a representative of triplicate experiments,
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individual cells was measured and dead cells were gated out using
forward/side scatter chanpels at the time of data analysis and
sorting.

Colony assay in methylcel[u!ose culture Sorted cells were plated in
methylcellulose medium [29). Briefly, cells were embedded in [ ml of
1.3% methylcellulose (Aldrich Chemical, Milwaukee, WI), 30% FBS,
1% deionized BSA (Sigma), 50mM 2-mercaptoethano! (2-ME), 20ng/
ml IL-3, 2 U/ml recombinant human erythropoietin (Epo), and 50ng/
ml SCF in Iscove’s modified Dulbecco’s medium (IMDM; Life Tech-
nologies). The culture dishes were incubated in a humidified atmo-
sphere at 37°C with 5% CO,. ’

Limiting dilution assay. Sorted cells were cultured on a stroma cell
line, MSS5 cells in IMDM containing SCF, IL-6, G-CSF, and Epo.
Cultures were scaled down from 100 to 0.5 in 0.2ml for a [imiting
dilution assay. When the recovered cells were composed of at least
three lineages, such as erythioid, myeloid, and lymphoid ‘cells, we
scored these as positive wells containing mu]upoten’ual hematopoietic
progenitors.

Culture of L:;vz""‘""CD&‘4“HEZ+ and LG'ﬂ""CD34+HE2' CD34-
enriched cells were incubated. with antibodies to CD34, lineage
markers and TIE2, and  divided 'by a FACS vantage into
Lin/¥CD34*TIE2* and Lin™™"CD34*TIE2" populations. The
stromal cell line, MS5, was maintained in o-modified minimum es-
sential media («-MEM, Gibco-BRL, Gaithersburg, MD) supple-
mented with 10% FBS. Sorted cells were seeded on MS5 feeder layers
(200 cetls/well on a 6-well dish) in IMDM supplemented with 10% FBS
containing SCF, IL-6, G-CSF, arid Epo. The cells were incubated in a
humidified incubator in the presence of 5% CO,.

Aftef 10 days, cocultured cells were subcultured using 0.05%
trypsin—EDTA (Gibco-BRL). Following removal of spent culture,
the cell sheet was coated with trypsin for approximately Smin, the
dish then stood upright. Following removal of trypsin, the dishes
were observed using a phase contrast microscope to confirm com-
plete cell detachment. Then, dishes were rinsed with an appropriate
volume of IMDM supplemented with 10% FBS. Cell suspension
collected in a polypropylene tube was washed twice. Then the cells
were seeded on MSS feeder layers in IMDM supplemented with
10% FBS containing SCF, IL-6, G-CSF, and Epo. After more than
10 days of culture, 10% of them were subcultured as described
above,

Production of recombinant fusion protein. Recombinant fusion
proteins of the extracellular domain of human surface molecules and
the Fc part of human lg were designed. TIE2-Fc¢ and CD4-Fc were
produced by COS7 cells in serum-free conditioned medium as previ-
ously described [22] and purified over protein A-Sepharose columns
(Bio-Rad, Hercules, CA). Their purity and disulfide-linked dimeriza-
tion were assessed by Coomassie brilliant blue staining of SDS gels.

Adhesion of TIE2* cells in culture. Lin™**CD34* TIE2* cells and
Lin~*CD34*TIEZ™ cells were sorted by FACS vantage. Both were
incubated in the presence or absence of human recombinant Ang-1*
[30] (300 ng/ml, provided by G.D. Yancopoulos in Regeneron Phar-
maceuticals, Tarrytown, NY) with or without TIE2-Fc (10 pg/ml) for
10min at 37 °C. Cells incubated as above were cultured on human FN-
coated (coated for 1h at 10 pg/ml, IWAKI glass, Chiba, Japan) plate
for [0min at 37°C. Before applying the cell to the plate, FN-coated
plate was preincubated with 2% BSA in PBS prior to receiving ceils,
For the evaluation of adherence to FN, floating cells were harvested by
gentle pipeting after culturing for 10min and then counted under mi-
croscope.

Detection of LTC-ICs in the sorted fractions. The presence of
long-term culture-initiating cells (LTC-IC) was assessed by culturing
the sorted fractions on the murine MS-5 stromal cells as previously
described [31]. Cultures were initiated at limiting dilutions by plating
0.5-100 cells per well (96-well plates). Wells were maintained at
37°C, 5% COQy, and fed weekly by half medium change. The content
in clonogenic progenitors of each well was assessed after 5 weeks in
culture by plating non-adherent and adherent cells in methylcellulose

assay supplemented with IL-3, Epo, and SCF. A positive well was
defined as a well that contained at least one clonogenic progenitor
cell.

old NOD/SCID mice were kept in specific pathogen-free conditions
and maintained on acidified water and irradiated food. Animal ex-

periments were petformed in accordance with institutional guidelines .

approved by the Animal Care Committee of Kumamoto University
School of Medicine. Mice received a sublethal dose of 300 cGy total
body irradiation using a Gamma Cell 40 (Nordion International,
Kanata, Ont., Canada equipped with two opposing !¥'Cs sources. In
each experlment six donors were used. Human Lin~/**CD34*TIE2*
cord blood eells or Lin™**CD34*TIE2* cord blood cells were re-
suspended in RPMI1640 (Gibco-BRL} containing 0.1% BSA, and a
cell dose from 2 x 10? to I x 10° cells/mouse was transplanted into
mice by tail vein injection within 2h after irradiation in a volume of
200 pl RPMI1640/0.1% BSA per mouse. Bone marrow (BM) cells from
the recipient mice were analyzed after 12 weeks by flow cytometry. A
mouse was considered positive if at least 0.1% human cells (CD45%)
were detected in comparison with the isotype control.

Statistical analysis. Data are expressed as means == SD (standard
deviation). When comparing the data from two populations, paired,
two-tailed Student’s ¢ tests were used to determine levels of signifi-
cance. A p value of <0.05 was considered statistically significant.
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Fig. 2. (A) Colony formations in rmethylcellulose medium by 200

Lin™/**CD34*TIE2* and Lin™/*"CD34*TIE2™ cells in the presence
of 30% FBS and SCF, IL-3, and Epo. The Lin~"¥CD34*TIEZ* cell
population contained all types of committed progenitors containing
GFU-GM (including CFU-G, CFU-M, and CFU-GM), BFU-E, and
CFU-Mix. In contrast, the Lin™/**CD34*TIE2~ cell population
contained a few CFU-GM. (B) Limiting dilution analysis of the
Lin™**CD34*TIE2* cells and TIEZ™ cells. The frequencies of mul-
tipotential hematopoietic progenitors in Lin™/*"CD34*TIE2* cells
and TIE2™ cells were 1/3.1 and 1/8.5 according to the Poisson analysis,
respectively.



