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cells. The present study revealed a novel function of autoAbs,
which may coniribute to the pathophysiology of BM failure.

Materials and Methods
Study subjects (patients)

Sera were obtmined from 19 panenis with AA and 4 healthy individuals
BM plasma was obtained from five patients with AA and three healthy
individuals. All AA patienis had severe AA and were positive for anti-
moesin Abs. The samples were cryopreserved a1 —80°C uniil use. Pe-
ripheral blood (PB) was obtuned from 7 patients with AA and 10
healthy individuals and BM was aspirated from 3 healihy individuals
The PBMCs were i i using lymphoprep (Nycomed), All patients
and healthy volunteers provided an informed consent before sampling
according 1o the Declaration of Helsinki. This study was approved by
the human research committee of Kanazawa University Graduate
School af Medical Science.

Cell lines

Moli-4, THP-1, U937, K562, Daudi. and Jurkai cell lines were purchased
from the Health Science Research Resources Bank. A megakaryoblastic
leukemia cell line UT-7, a myeloid leukemin cell lines OUN-I, and o
myelodysplastic syndrome cell line TF-1 were provided by Dr. N, Komatsu
of Jichi Medical School. Dr. M.Yasukawa of Ehime University, and Dr, S,
Ogawa of the University of Tokyo, respectively.

Purification af anti-moesin Abs in the sera of patients with AA

The anti-moesin pnlyclmal Abs (pAbn) were purified from the f

molecules by flow cytometry using anti-moesin mAbs (clone 38/87.
Neomarkens).

Isolation of monocytes und T cells

Monocytes were isolated by plastic adherence as previously described
(200, In brief, § x 10* PEBMCs/well were distributed into 1 2-well plates
(Coming) and allowed 10 adhere in a 5% CO; incubalor at 37° for 2h
in RPMI 1640 supplemented with 10% (v/v) heal-inactivated FCS, 100
L/ml penicillin - 0.1 mg/ml streptomycin (Invitrogen: No.15140-148)
and 10 wg/mi polymyxin B (Acrosporin) (Sigma-Aldrich: no. 194538).
Nonadherent cells wene removed and the remaining adherent cells on
the plates were used as monocytes. T cells were purified by negative
selection using the Human T Cell Ennichment Columns (R&D Systems:
no. HTCC-500) following the manufacrer instructions. The punity of
ennched T cells und monocytes was approximately 90% as determined
by flow cytometry using anti-CD3-PE and anti-CD-14-PE mAbs,
respectively.

Stimulation of THP-1 cells, PBMCs, monocytes, and T cells
with anti-moesin Abs

THP-1 cells, PBMCs, monocytes. or T cells were suspended in RPMI
1640) supplemented with 10% (v/v) heat-inactivated FCS. Polymyxin B
M:mspunn} ('ilgmu Aldnch no. 194538) was added at 10 pg!ml o

any ¢ in il in concentration in
the pAbs nml the reagenis uscd for culture was <10 pg/ml as demon-
strated by ch genic Limulus yie lysate assay (Seikagaku).
The cells (5 % 10"} were incubated for 48 h in the presence of 5 pg/ml
of anti in mouse mAbs (clone 3887, 1gG|; Neomarkers) or 5-10

serum with affimity ch phy using a protem G colunn (mhh Trap
kit. no. 171128, GE ch.lthl:arel and rer.‘mnblnmt moesin proiein (11)
fised on an agaruse-gel column |‘1 ml, HiTrap NHS-activated HP, no,
170716-01; GE Healib ) e g 1o the facturer’s instruction,
In brief. 20 ml of serum from AA palu:ms wirs applied 10 the Protein G
column, After washing with the binding buffer, the whole TgG was eluted
with the elution buffer and neutralized with the neutralizing buffer. The
purified 1gG was then applied to the rec ! moesin-fixed affinity
chromatography column. After washing with the binding buffer (75 mM
sodium phosphate (pH 8.0)), anri-moesin pAbs were eluted with the elution
buffer (100 mM glycine-HCl and 500 mM NaCl (pH 2.7)). The purified
anti-moesin pAbs were dialyzed in PBS at 4°C ovemight using a spectry/
Por Float-A-Lyzer colurm (Spectrum Laboratories; no, 2351 18), The pu-
rity of the isolated anti-moesin pAbs was confirmed by PAGE followed by
Coomassie Brlliant Blue staining.

Flow cytometry

Mouse anti-moesin mAb (clone 38/87, Neomarkers) which was labeled
with FITC {Immuno-Biological Laboratones) was vsed i combination
with mAbs specific to CDA-PE (BD Pharmingen: no, 555333),
CDI19-PE (BD Pharmingen; No. $55413), CD4-PE (BD Pharmingen;
No, 347327), CD-8-PE (BD Pharmingen: no. 555367). CD14-PE (BD
Pharmingen; No. 555398), CD11b-PE (BD Pharmingen; No. 555188),
CD34-PE (BD Pharmingen; no. 348057). and CD3-Cy-Chrome (BD
Pharmingen; no. 555334). Isotype-maiched control mAbs (BD Pharm-
ingen) were used us negative controls, For the detection of in-like

ug/ml of pAbs isolated from the serum of AA patients as described
above, Mouse mAbs (Coulter Clone; IgGl. no. 6602872) and control
human 1gG pAbs isolated from healthy individuals were used as neg-
ative controls. This Ab concentration was selecied based on an esli-
muted cone ion of anti in pAbs in the serum of an AA patient
For prestimulution of PBMCs to induce IFN-y secretion, the cells were
incubated for | h in the presence of 100 ng/ml of anti-CD3 mAbs
(Clone OKT3) (eBioscience: funclional grade no. 16-0037). For co-
stimulation of isolated T cells 10 induce 1FN-y secretion, the cells were
cultured for 48 h on a 48-well tissve culture plate that was coated with
100 ng/ml of anii-CD3 mAbs (clone OKT3) (eBioscience: functional
prade no. 16-0037) overnight at 4°C and washed. Then. 100 ng/ml LPS
or 10 ug/ml PHA (Sigma-Aldrich: no. L4144) was included instead of
anti-moesin Abs as the positive controls for the induction of TNF-o or
IFN-y secretion, respectively, and control human lgG pAbs isolated
from healthy individuals were added as o negative control,

Western blorting

Western blotting was performed using THP-1 cell lysates, The specitic
bands were visualized by anti-moesin mAbs. pAbs from AA patients, or
control human IgG pAbs from healihy individuals as described in a pre-
vious report (11), The ion levels of bulin were determined as an
intermal control using Westem bloting with anti-a-tubulin mAbs (Sigma-
Aldrich: no. T 5168).

Ieaaleitss

maolecules on leukocyles and leukemia cell lines, 1 ul of onti-moesin
mAbs and 2 ul of PE-labeled mAbs were added to 50 ul of cell sus-
pension containing 1 % 10" cells and the suspension was incubated on
ice for 30 min, For the detecnion of moesin-like molecules by pAbs. | x
10° THP-1 cells were washed iwice with PBS containing | % BSA (Sig-
mia-Aldrich; no. ABO22) and resuspended in 200 ul of a PBS containing
2% FCS. 2% goat serum, and 2% BSA. The cell suspension was incu-
buted for 30 min ut 4°C. Then, § pg/ml anti-moesin pAbs or isotype
control human 1gG pAbs isolated from healthy individuals were added
to the cell suspension and incubated for | h at 4°C. The cells were
washed twice with PBS conmaining 1% BSA followed by incubation
with a secondary Ab (goat anti-human 1gG FITC-labeled Ab: Sigma-
Aldnch; no. F5512) diluted 1/100 in PBS containing 2% goat serum und
were incubated al 4°C for 30 min, Finally, the cells were wushed twice
wilh PBS containing 1% BSA and subjected to Row cytomelry.

Stinudlation of THP-1 cells with PMA/LPS

THP-1 cells (10") were suspended in 2 ml of RPMI1 1640 containing 10%
FCS and 20 ngfml PMA (Wako Chemicals: no, 545-00261 ) and incubated
for 24 b at 37°C in a CO, incubaor. A totl of 10 ng/ml LPS (Sigma-
Aldrich; no, L2B80) was added 1o the cell suspension und Turther incubated
for 20 h. The cultured cells were analyzed for the expression of moesin-like

of proteins on the surfoce of THP-1 cells

The THP-1 cells were (reated with sulfo-NHS-§S-biotin, and the cell
surface proteins were isolated with avidin-fixed columns according 1o
the manufacturer’s instructions ( Pierce). Thereafter. 1 X 107 cells were
washed twice with 8 ml of ice-cold PBS. The cells were suspended in 10
ml PBS containing 2.5 mg sulfo-NHS-SS5-Biotin and incubated for 30 min
il 4°C, Then, 500 ul of quenching solution was added to the cell suspen-
sion and the cells were washed with 10 ml TBS wice. The cell pcliel was
lysed in SO0 wl of lysis buffer ¢ ining 60 ul of y i
cocktul (Sigmu-Aldrich; no, P-8340) and lhcn nlnmpltd by sonication. The
biotin-labeled membrane proteins were isolated by an immobilized Neu-
trAvidin Gel column. The isolated membrane proteins were subjected ©
Western blotung and peptide mass fingerprinting

Pepride mass fingerprinting

Mass speciromeiric identification of 80- and 75-kDa proteins on the
surfuce of the THP-1 cells was performed as previously described (21),
In brief, the proteins fractionated by SDS-PAGE were visualized by
Coomassie Brilliant Blue staining and the 80- and 75-kDa bands were
excised from gels, followed by in-gel digestions with trypsin ( Promega)
in a buffer containing 50 mM iom bicarbonate (pH 8.0) and 2%
acetonitrile overnight wt 37°C. Molecular mass analyses of the tryptic
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FIGURE 1. Expression of moesin-like molecules on the surface of vanouos blood cells. PB lymphocytes, granulocytes, and monocytes, as well as BM
mononuclear cells, of a healthy individual and a patient with AA were analyzed by flow cytometry. The gate was set up for lymphoeytes (g=d). CD3
Iymphocytes (¢, granulocytes (g and f). and monoeytes (h and k) denived from a healthy individual and monocytes (0 and 1) derived from an AA patient

BM mononuclear cells () of a healthy individual were included in the analysis. One representative result ol three experiments is shown

tides were performed by matrix- ted luser desorptonfiom molecular weights determined by matnx-assisied luser desorplionfion
tme-ol-flight mass spectrometry using an ultraflex TOF/TOF (Bruker ization time-of-flight mass spectrometry and the theoretical peptide
Daltonics). The proteins were identified by comparisons between the masses of proteins registered in NCBlor,
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FIGURE 2.

Expression of moesin-like molecules on the surface of T cell and monoeyric leukemia cell lines. A-C, Three leukemia cell lines were examined

Tor the cell surfoce expression of moesin-like molecules. Left lines. mouse 196 used ax negative control; nght linex, FITC-lubeled anti-moesin mAbs, D, THP-1
cells were cultured in the presence or absence of 20 ng/ml PMA Tor 24 h and then the PMA-stimulaied cells were further cultured in the presence of 1) ng/ml
LPS for 20 h. The cultured cells were analyzed for the expression of moesin-like molecules by Mow cytometiy, One representative result is shown

Transfection of moesin shory hairpin (shRNA )

Muesin shENA plsmid (pENTR/moesin-shRNA-264) (22) was kindly
prowided by Dr. G. M. Kelly of the University of Western Ontario (Ontanao,
Canada), THP-1 cells were trunsfected by electroporation using a Gene
Pulser 11 Electroporation System (Bio-Rad). In briel, -5 ug of moesin
shRNA plasmid or control shRNA (pENTR/UG-GW/acZ™"™™*) was mixed
with 800 pl of Opo-Mem I mediom (Invitrogen) containing | x 107
THP-1 cells and meubied on ice for 10 min. The cells were electroporated
m o d-mm cuvetie (Bio-Rad) at the semng of 3K V of volage pulse and
960 uF of copocitance. Tmmedintely after electroporation, the ransfecied

B n &)

Anti-moesin pAbs

THP-1 cells were left on ice for 10 min and then 3 ml of RPMI 1640 con-
taining 10% FCS was added o the cell suspension followed by overnight
incubation at 37°C. The cells were rinsad and cultured in 3 ml of fresh RPMI
1640 containing 10% FCS for 72 h at 37°C in o €O, incubator and were
analyed Tor the expression of moesine-like molecules by fow cytometry using
FITCHabeled ant-moesin mAb (clone I8M7; Neomarkers)

ELISA

The TNF-o and IFN-v concentration in the culture supematant, ax well as
in PB serum and BM plasma was measured using ELISA kits {Mabiech:

Ehstion cell wrlace proteny
e,

Human pAbs
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FIGURE 3.

and the cell surface protems were wolated with avidin-fixed columns. 8, Three different protein lysates (0, whole cells: b, cytoplusmic proteins:

Isolation and identification of proteins on THP: | cells recogmized by anti-moesin Abs. A, THP-1 cells were treated with sulfo-NHS-55-bionn

and ¢,

surfuce proteins) were subjected 10 Wesiern blotting with anti-moesin mAbs, €, THP-1 cell lysates (o) und surfoce proteins (¢} isolated from THP-1 cells

were subjected to Western blotting using
purified from two healthy individuals” sera (HE) and HI12)

moesin pAbs purilied from Iwo AA patients” sera (AA L and AA2) of non-specitie control hunun 1pG pAbs
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AB. No. 3510-1H-20, and Mabtech: AB, No. 3420-1H-6) according to the
manufacturer's instructions, The OD absorbance at 450 nm was determined
using @ SLTEAR 340 ATELISA reader (SLT-Labinsiruments). For deter-
mination of cytokine levels in the PB serum and BM plasma, the following
additional procedures were performed. Samples were centrifuged a 10,060
rpm for 10 min. ELISA plates were covered with 200 pliwell of TNF-a
assay dilvent (eBioscience: No. 00-4202-AD) or 1FN-y assay diluent
(Mabiech; No. 3652-D) for | h at room temperature before adding samples
to block nonspecific reactions. TNF-o assay dilvent (eBioscience; No, 00-
4202-AD) and IFN-v assay diluent (Mabtech: No. 3652-D) were used 1o
dilute biotinylated mAb TNF-a-11 solution and biotinylated mAb 7-B6-1.
respectively

Statistics

The results are given as the mean = SD. Compansons were made using the
paired 1 test.

Results
Expresston of moesin-like molecules on the surface of various
blood cells

To confirm the expression of moesin-like molecules on the PB and
BM cells. various leukocyte subsets were examined using How
eytometry with anti-moesin mAbs. Fig. | shows the representative
results of flow cytometry on one healthy individual, Moesin-like
molecules were detectable on T cells, NK cells, and monocytes on
their surface but not on B cells, neutrophils, and BM CD347 cells
as shown in Fig. 1. All three healthy individuals and the three AA
patienis showed similar results except that moesin-like molecules
were not detectable on monocytes derived from the three AA pa-
tients. The mean Nuorescence mtensity values of the monocyles
from healthy individuals and AA patients were 11.5 £ 2.2 and
6.6 = 2.1, respectively, and the difference was signilicant (mean
fluorescence intensity = SD, p < 0.05, unpaired 7 test), In addition
1o the leukoeyte subsets from the healthy individuals, moesin-like
molecules were detectable on a T cell leukemia cell line Molt-4 as
well as on monocytic leukemia cell lines U937 and THP-1 (Fig. 2),
while they were undetectable on myeloid leukemia cell lines such
as K562, UT-7, OUN-1, and TF-1. They were either undetectable
on the Burkitt lymphoma cell line, Daudi, or T cell lymphoma cell
line, Jurkat (data not shown). The treatment of THP-1 with 20
ng/ml PMA for 24 h and/or 10 ng/ml LPS for 20 h augmented the
expression of moesin-like molecules (Fig, 202), thus, indicating an
up-regulation of the moesin-like molecules associated with the dif-
ferentiation of THP-1 cells into macrophages.

Identification of moesin on the surface of THP-1 cells

To identify the proteins on THP-1 cells recognized by anti-moesin
Abs, the THP-1 cells were treated with sulfo-NHS-S5-biotin and
the cell surface proteins were isolated with avidin-lixed columns
(Fig. 3A). Westem bloting of the isolated proteins with anti-
moesin mAbs showed two clear bunds of which the sizes were 75
and 80 kDa (Fig. 38). Mass fingerprinting of the eluted protein
revealed the 80 kDa protein to be moesin. The 75 kD band proved
1o be nucleolin and eukaryotic translation elongation factor 2. To
contirm that anti-moesin pAbs in the serum of AA patients can
bind to this cell surface moesin, anti-moesin pAbs were purified from
the AA patients” sera (AA L and AAZ) with recombinant moesin pro-
tems using affinity chromatography and then were used for Westem
blowing. As shown in Fig. 3C, the serum-derived anti-moesin pAbs
bound 10 moesin denved from the surface proteins of THP-1.

Effect of moesin-specific shRNA on the expression of moesin on
THP-1 cells

To further confinm the expression of moesin on the surface of
THP-1 cells, the cells were trunsfected with moesin shRNA using
electroporation, Flow eytometry showed a decrease in the moesin
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FIGURE 4. Effect of moesin shRNA tion on the exp of

maesin by THP-1 cells. A, THP-1 cells mansfected with 5 ug of moesin
shRNA or control shRNA were examined for the expression of moesin
with flow cylometry. The blue line, non-transfected THP-1 cells stained
with control mouse IgGl mAbs: the green line, moesin shRNA transfected
cells stained with anti-moesin IgG1 mAbs: the red ling, negative control
shRNA transtected cells stained with anti-moesin IgG 1 mAbs, B. Negative
control shRNA or moesin-specific ShRNA ransfected THP-1 cell lysates
were examined by Western blowing. 1, 3 pg control shRNA: 2, 3 up
moesin shRNA; 3, 5 ug moesin shRNA

expression level on the surface of the THP-1 cells transfected with
moesin sShRNA in comparison to the THP-1 cells transfected with
negative control shRNA (Fig. 44). When the THP-1 cells trans-
fected with different dosages of moesin-specific shRNA were ex-
amined by Westem blotting, the moesin expression by the THP-|
cells was decreased in a dose-dependent manner. The control
shRNA specific to LacZ had no effect on moesin expression.

Effect of anti-moesin Abs on THP-1 cells

To determine whether anti-moesin Abs have some effects on
THP-1 cells. the THP-1 cells were cultured in the presence of
anti-moesin Abs or control 1gG for 48 h and the TNF-a concen-
tration of the culture supematant was measured using ELISA, Bath
the anti-moesin mAbs and pAbs iduced a significantly greater
amount of TNF-a from the THP-1 cells than did the control 1gG
(Fig. 5A). The amount of TNF-a induced by anti-moesin pAbs (5
pg/ml) was almost comparable to that induced by LPS (100 ng/mi)
(Fig. 5A). The anti-moesin pAbs” binding to moesin on the THP- |
cells was ascertined by low cytomeltry (Fig. 5B).

Effect of anti-moesin pAbs on PBMCs, monocytes, and T cells
Sfrom healthy individuals and AA patients

The expression of moesin on the T cells and monocytes as well as
the TNF-ur secretion from the THP-1 cells induced by anti-moesin
pAbs suggested that anti-moesin pAbs in the AA patients’ sera
might also stimulate these immune cells from healthy individuals
and AA patients 1o secrete cytokines. When the PEMCs from
healthy individuals were incubated for 48 h in the presence of 5
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FIGURE 5. TNF-a release from THP-1 cells stimulated by anti-moesin
Abs. A, THP-1 cells were cultured for 48 h with 5 pgfml of anti-moesin
Abs or control Abs. Anti-moesin pAbs, anti-moesin polyclonal 1gG iso-
luted from the serum of AA patients; control human pAbs. control human
IpG pAbs wsolaed from healthy individuals: anti-moesin mAbs, anti
muoesin mouse [pGl mAbs (clone 38/8T7), control mouse mAbs, control
mouse IpGl mAbs, Then, 100 ng/ml LPS was used as o positive control
The daty represent the mean THNF-o concentration = SD of three experi-
ments. =, < 001 vs control Abs, B, The detection of moesin on THP-1
cells by anti-moesin pAbs purified from the serum of an AA patient

pg/ml of anti-moesin pAbs, the amount of TNF-« in the culture
medium was approximately 10 times more than those of control
cultures and was more than half of that of the culture stimulated by
100 ng/ml of LPS (Fig. 64), The same concentration of anti-moesin
pAbs induced a similar amount of TNF-ar from the PBMCs from AA
patients (Fig. 68). On the other hand. when monocytes isolated from
the PBMC of healthy individuals or AA patients were used as o target,
amti-moesin pAbs induced less than half the amount of TNF-a of that
nduced from whole PBMCs (Fig. 6, C and D),

The unexpectedly high inducibility of TNF-ar secretion from the
PBMCs by the anti-moesin pAbs prompied studies on the induc-
ibility of IFN-y secretion from the PBMCs by the Abs. Fig. 7. A
and B, shows the effect of anti-moesin Abs on the IFN-y secretion
from PBMCs. Although anti-moesin pAbs alone could not induce
IFN-y secretion from the PBMCs derived from healthy individu-
als, the Abs stimulated PBMCs that were prestimulated with anti-
CD3 mAbs to secrete nearly as much TFN-y as that PHA did. In
contrast, the PBMCs from the AA patienis could secrete IFN-v in
response 1o anti-moesin pAbs without the prestimulation by anti-
CD3 mAbs. and the amount of IFN-y was approximatcly 40% as
much as that of the culture stimulated by 10 pg/ml of PHA. In
contrast, T cells isolated from the PBMC of healihy individuals or
AA patients could not secrete a sigmificantly larger simount of TFN-y

in response o anti-mocsin pAbs compared with that in response to
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FIGURE 6. TNF-u relense from PBMCs or monocytes stimulated by
anti-moesin pAbs, The PBMCs or isolated monocytes were cultured for
48 hin the presence of § pp/ml of anti-moesin 1gG pAbs or human control
lgG pAbs solated from the serum of AA patients or healthy individuals,
Then, 100 ngfml of LPS was used a8 a positive control. PBMCs isolated
from 10 bealthy individoals (A) and 7 AA puients (B), and monocyies
separated Trom the PBMCs of 7 healthy individuals (C) and 7 AA patients
(11, were used us targets. The data represent the mean TNF- concenta-

tion = SD. o+, p < DS vs control Abs

control 1gG pAbs (Fig. 7, C and £), and the amount of TFN-y secreted
hy T cells was one-<tenth as much as that by PBMCs.

When the sera of the 16 AA patients comprising 7 anti-moesin
Ab-positive and 9 anti-moesin Ab-negative patients were exam-
med using ELISA. no sigmicam differences in TNF-a and 1FN-y
concentrations were observed between the 2 groups (TNF-ur:
88.0 = 106.3 pg/ml in anti-moesin Abs-positive patients, 9.1 =
161.3 in ami-moesin Abs-negative patients; IFN-y: 44.6 = 338
pe/ml in anti-moesin Abs-positive patients, 47.5 = 44.9 pg/ml in
anti-moesin Abs-negative paticnts). None of the sera derived [rom
Tour healthy donors showed detectable levels of TNF-a (>5 pg/
ml) and IFN-y (=5 pg/ml). On the other hand, when the BM
a from five patients with AA was examined using ELISA,

pla
three anti-moesin Abs-positive patients showed higher levels of
TNF-ar (129, 338, and 349 pg/ml) compared with those of TNF-a
(13 and 128 pg/ml) in two anti-moesin Abs-negative patients.
IFN-y concentrations of three anti-moesin Abs-positive paticnts
were 29, 123, and 133 pg/ml, while those of two anti-moesin Abs
negative patients were |3 and 80 pg/ml. None of the BM plasma
derived Trom three healthy donors showed detectable levels of
TNF-ir (=5 pg/ml) und TFN-y (>5 pg/mi),

Discussion

The present study revealed that the proteins recognized by the
anti-moesin Abs are detectable on the surface of various leuko-
cyles subsets including T cells, NK cells, and monocyles as well as
on T lymphocytic and monocytic leukemia cell lines. Moesin is an
mtracellular protein that links the cell membrane and cytoskeleton,
tion of microtubules and cell adhesion sites

and mediates the fom
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FIGURE 7. IFN-y release from A 5000
PBMCs or T cells stmulaied by anu-

moesin Abs. The FBMCs or isolated T = 4000 -
cells were cultured for 48 h in the pres- =
ence of 5 pp/ml of anti-moesin 1gG =
pAbs or human control 1gG pAbs iso- ;."
lated from the serum of AA patients or =
healthy individuals. Then, 10 pgfml

PHA was used #s @ positive control.
Unprimed PBMCs (L) or CD3-primed 0
PBMCs () were used for the culture.

e C pin ple
PBMCs were isolated from seven 500 -

healthy individuals (A) and six AA pa-
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as well as ruffling of the cell membrane (17). This membrane-
linking protein is expressed by various blood cells including
megakaryocytes and granulocytes (23), but its expression was
thought to be localized inside the cell membranc and not on the
cell surface. Some studies revealed that anti-moesin Abs could
bind to the surface of T cells (18) and macrophages (19) in keeping
with our observation, However, none of the previous studies char-
acterized the cell surface protein recognized by the anti-moesin Abs.
Using biotin-labeled membrane proteins coupled with an avidin gel
column and peptide massfinger pnnting. the present study wentified
the cell surface 80 kDa protein to be moesin. The decrease in the cell
surface moesin induced by moesin shRNA has substantiated the pres-
ence of moesin on the cell surface of THP-1 cells.

Little is known about the function of anti-moesin Abs in vitro
and in vivo. In contrast o our results, Amar et al. (24, 25) found
that anti-moesin mAbs (clone 38) suppressed LPS-induced TNF-«
secretion from monocytes through binding of moesin-like mole-
cules on the cell surface. They used a different anti-moesin mAbs
(clone 38) from the mAbs (clone 38/87) used in the present study.
When we examined the effect of clone 38 mAbs on TNF-w secre-
tion from THP-1 cells induced by LPS using the same condition as
the one described by Amar et al. (24), a dose-dependent inhibition
of TNF-« secretion was observed (data not shown). In contract to
clone 38/87 mAb and pAbs from AA patients’ sera, the clone 38
mAbs alone did not induce TNF-a secretion from THP-1 cells,
Because the clone 38 preparation contains 1.5 mM sodium azide as
a preservative, it is most likely that the dose-dependent inhibition of
TNF-a secretion by clone 38 mAbs was due to toxic effect of sodium
azide. Altematively, clone 38 mAb which recognizes the C-terminal
portion (554-564 amino acid residues) of moesin may exen a differ-
ent effect on THP-1 cells from the effect of mAb clone 38/87 which
recognizes the middle portion (317-398 amino acid residues) of moe-
sin and from the effect of pAbs punified from AA patients’ sera,

The present study revealed that both mAbs and pAbs specific to
moesin stimulated the THP-1 cells to secrete TNF-ar at an Ab
concentration compatible to that in the serum of the AA patients.
Moreover, anti-moesin pAbs were as potent as LPS in inducing
TNF-ur seeretion from the PBMCs derived from healthy individ-
uals and the AA patients. Our preliminary analyses on the activa-
tion of signaling pathways leading to TNF-e secretion from THP-1
cells showed the phosphorylation of ERKI/2 kinase induced by
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anti-moesin Abs (49™ American Society of Hematology annual
meeting abstract #1690, 2007 and submitted). In two patients from
whom anti-moesin pAbs were purified, the Abs induced TNF-a
release from autologous PBMCs, High concentrations of TNF-a
were indeed present in the BM sera of two patients with high
anti-moesin Ab titer, Although no difference in the serum TNF-a
level was observed between anti-moesin Ab-positive and -negative
patients. these findings suggest that anti-moesim Abs may induce a
subtle amount of TNF-a from the monocytes or macrophages in
the BM, thereby contributing to the pathogenesis of AA,

In contrast to TNF-a, IFN-y was not induced by the anti-moesin
pAbs alone from the PBMCs from healthy individuals, though anu-
moesin pAbs augmented TFN-y secretion from the PBMCs prestimu-
lated with ani-CD3 mAbs. On the other hand, anti-moesin pAbs stim-
ulated the PBMCs from the AA patients to secrete as much TFN-y as
did PHA, It has been shown that T cells from AA patients are in an
activated state and are prone to produce IFN-y in response to subop-
tmal stimuli (26). The amount of secreted TNF-«r from isolated
monocytes as well as the amount of secreted [FN-y from isolated T
cells was greatly reduced compared with those from unfractionated
PBMCs. The inability to secrete a sufficient amount TNF-a and
TFN-y of isolated monocytes and T cells suggests that the interaction
between monocytes and T cells may be required to efliciently respond
to extrinsic stimuli as described by previous reponts (27, 28). When
the anti-moesin Abs titers in the serum were longitudinally measured
in three patients, the Abs titer decreased in two patients in association
with the response to immunosuppressive therapy, while the Abs titer
increased in one patient who became dependent on transfusions due to
the relapse of AA in comparison 1o the titer deected in remission
(data not shown). The high titer TNF-a levels in BM plasma of pa-
tients showing high anti-moesin Abs titers and the decrease in the Ab
titers in parallel with disease amelioration support the hypothesis that
anti-moesin Abs are involved in the pathogenesis of AA by way of
myelosuppressive cytokine induction from immunocompetent cells.
CUne may wonder why high titer anti-moesin Abs in some AA patients do
not induce hypercytokinemia. However, inability of T cell-stimulating
Abs such as anu-CD3 Abs 10 induce TFN-y secretion in vivo has been
shown by previous reports (29, 30). There may be some regulatory mech-
anisms that mitigate T cell activation by sumulating Abs in vivo,

A previous study demonstrated the presence of anti-moesin Abs
in 14-34% of patients with rheumatoid arthritis (11, 31), and a



7

10

case-control study on AA conducted by the International Agran-
ulocytosis and Aplastic Anemia Swdy Group revealed that a past

s

istory of rheumatoid arthritis 1s significantly associated with the

later development of AA (32). The anti-moesin pAbs denived from
patients with rheumatoid arthntis also enhanced TNF-a secretion
from THP-1 cells (data not shown). It is, therefore, possible that
AA and rheumatoid arthritis may share pathogenetic mechanisms
leading to a breakdown of immunologic tolerance to moesin. Anti-
TNF-a therapy has been successfully used for patients with rheu-
matoid arthritis (33-35) as well as for some patients with myelo-
dysplastic syndrome (36, 37). Recent reports have shown the efficicy

o

f anu-CD20 Abs in restoning hematopoietic functions of AA (38,

39). Therefore, autoAbs capable of inducing cytokine secretion fike
anti-moesin Abs may be a new target of therapy for AA.
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Allo-SCT using reduced-intensity conditioning against advanced pancreatic

cancer: a Japanese survey
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Pancreatic cancer is a frequent cause of cancer-related
mortality and has an extremely poor prognosis. To
evaluate the efficacy of allogeneic hematopoietic SCT
with reduced-intensity conditioning (RICT) against pan-
creatic cancer, we analyzed the clinical data of 22
patients. After a fludarabine-based conditioning regimen
followed by the infusion of PBSCs, all but two achieved
engraftment. Complete, partial and minor response was
observed in 1, 2 and 2 patients, respectively, with an
overall response rate of 23%. Median survival was only
139 days and the major cause of death was tumor
progression. Poor performance status before RICT and a
lower number of infused CD34-positive cells were
associated with shorter survival after RICT. Patients
who developed chronic GVHD tended to survive longer
than those who did not. These findings support the
investigation of a novel treatment strategy to enhance
the immunological effect against pancreatic cancer.

Bone Marrow Transplantation (2008) 42, 99-103;
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Keywords: reduced-intensity conditioning; SCT; mini-
transplantation; pancreatic cancer; graft-versus-tumor effect

Introduction

Allogeneic hematopoietic SCT is an established treatment
for a variety of hematological disorders. However, its
application has been limited 10 young patients because of
various complications including regimen-related toxicities,
GVHD, infection and so on. Therefore, SCT with reduced-
intensity conditioning (RICT) has been investigated for use
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in older or clinically infirm patients. The antitumor effect of
this therapeutic approach depends not only on the
antineoplastic agents and/or irradiation in the conditioning
regimen, but also on the immunological graft-versus-tumor
effect after RICT.' Although RICT has not been clearly
shown to have a clinical advantage over conventional
chemotherapy, some studies have suggested that RICT
may be beneficial in elderly patients with hematological
malignancies.”

Since the late 19905, several studies of RICT against
advanced solid tumors have been performed to harness the
graft-versus-tumor effect.” A clinical tumor response after
RICT was observed in several solid tumors, especially in
renal cell cancer and breast cancer.* ® Pancreatic cancer is
the fifth most common cause of cancer-related mortality in
Japan and the United States, and carries an extremely poor
prognosis. The median duration of survival in advanced
pancreatic cancer is less than 6 months, even when
patients are treated with gemcitabine.” The combination
of gemcitabine with the other chemotherapeutic agents
failed to significantly improve survival.® ' Furthermore,
although the combination of gemcitabine and erlotinib,
a molecular targeting agent against epidermal growth
factor receptor, significantly prolonged survival, the
difference in median survival was only 2 weeks."" Because
of this poor prognosis by chemotherapy, treatment
strategies to enhance immunological effects against pan-
creatic cancer have been investigated. One of these is a
vaccination largeling tumor-specific antigens such as
CA19-9 and CEA.'* Another strategy is RICT 1o harness
a strong allogeneic immunological antitumor effect. The
first successful application of RICT against pancreatic
cancer was reported in 2001."* Several other reports
have suggested the existence of an immunological graft-
versus-tumor effect against pancreatic cancer, but the
number of patients in each report was too small to draw
any meaningful conclusion.'*'* Therefore, we collected the
chimical results of RICT against pancreatic cancer
from transplantation centers in Japan, in which a
prospective clinical trial of RICT against pancreatic cancer
had been performed.




SCT sgaingt pancreatic cancer
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Patients and methods

We surveyed transplantation centers in Japan and identified
three centers (Komagome Hospital, Kyushu University and
National Cancer Center Hospital) that were performing a
prospective clinical trial against vanous advanced solid lumors
including pancreatic cancer. The University of Tokyo Hospital
was performing a tnal that exclusively included patients with
advanced pancreatic cancer. Two of these tnals have already
been published.'*"* We collected the clinical results of all
patients with pancreatic cancer who participated in these
studies from the published papers or using a questionnaire.

The reduced-intensity conditioning regimens were exclu-
sively fludarabine-based, but varied among centers. The
most intensive regimen was the combination of fludarabine
(30 mg/m*/day for 6 days), BU (4 mg/kg/day for 2 days)
and gemcitabine (1000 mg/m*/day for 3 days) at the
University of Tokyo Hospital, whereas the combination
of fludarabine (30 mg/m*/day for 3 days) and TBI at 2 Gy
(Kyushu University) was the least intensive. CY (60mg/kg/
day for 2 days) was combined with Audarabine (25mg/m"/
day for 5 days) in the Komagome Hospital. Prophylaxis
against GVHD was performed with CYA either alone or in
combination with MTX or mycophenolate mofetil. PBSCs
were mobilized with G-CSF, cryopreserved using standard
techniques without ex vive manipulation, thawed and
infused on day 0. Host/donor T-cell chimerism was
analyzed by sex-chromosome FISH or the short tandem
repeat method after transplantation.'®

The tumor response lo treatment was evaluated as
described previously.'® Briefly, CR (complete response)
was defined as disappearance of all clinical evidence of
tumor for a minimum of 4 weeks by computed tomography
scan. MR (minor response) and PR (partial response) were
defined as decreases of 25-50% and greater than 50%,
respectively, in the sum of the products of the maximum
diameter and its perpendicular diameter of all measurable
lesions for a minimum of 4 weeks.”

Engraftment was defined as a neutrophil count more
than 500/mm’ for 3 consecutive days after RICT, Engraft-
ment failure was diagnosed as when engraftment was not
achieved at any time after transplantation. The probability
of survival was calculated using the Kaplan-Meier method.
The incidence of chronic GVHD was evaluated in 13
patients who survived longer than 100 days after RICT.
Univariate comparisons for dichotomous and time-to-event
variables between groups were performed with the Fisher
exact test and the log-rank test, respectively, and multi-
variate analyses were performed using logistic regression
analysis and proportional hazards modeling, respectively.
Factors associated with at least borderline significance
(P<0,10) in the univariate analysis were subjected 1o a
multivariate analysis using backward stepwise selection of
covanates. All P-values were two sided and values of 0.05
or less were considered statstically significani.

Results

Chinical data of 22 patients with o median age of 57 years
(range: 36-68 years) were collected (Table 1). There were 15

Bone Marrow Transplantation

male and seven female patients. Fifteen patients had
metastatic disease, whereas 7 had locally advanced diseases.
All but one patient had received chemotherapy with
gemcitabine either alone or in combination with other
antineoplastic agents before RICT. In all, 10 had received
local irradiation in addition to chemotherapy. Eastern
Coaoperative Oncology Group performance status (ECOG-
PS) was equal to or greater than 2 in 10 patients. The
conditioning regimen was flodarabine-BU-based in 10,
fludarabine-CY in 7 and fludarabine-TBI in 5. The donors
were HLA-matched relatives except in one patient who
received graft from an HLA-mismatched family donor. The
number of CD34-positive cells infused was greater than
4.0 x 10° cells/recipient body weight (kg) in 10 patients.
CYA was used for GVHD prophylaxis: alone in 8,
combined with MTX in 10 and combined with mycophe-
nolate mofetil in 4.

Engraftment was observed in all but two patients with a
median duration from RICT of 12 days (range: 6-42 days).
Complete donor-type T-cell chimerism was confinmed in 18
patients, whereas mixed chimerism persisted in 4 patients.
A total of 12 patients developed grade I1-1V acute GVHD.
Limited and extensive chronic GVHD was observed in
three and five patients, respectively. among the 13 patients
who survived longer than 100 days after RICT.

The best response after RICT was CR in one, PR in two,
MR in two and stable disease in eight. The overall response

Table 1 Characteristics of the patients
Age ( vears)
Median 57
Range 36-68
Sex
Male 15
Female ¥
Disease
Locally advanced
Metastatic 15
ECOG-FS
0-1 12
2-4 10
Regimen
Flu+ BU + Gem 7
Flu+CY 6
Flu+TBI 6
Flu + BU 3
Donor
HLA-matched sibling b |
Mismatched family donor I
CD34+ cells in graft
<4.0 = 10%kg 12
> 4.0 10rMkg 10
GVHD prophylaxi
CsA alone 8
CsA+ MTX 0
CaA + MMF 4

Abbreviations: ECOG-PS = Eastern Cooperative Oncology Group perfor-
mance status, Flu = fludarabine; Gem = gemeitabineg; MMF = mycopheno-
late mofetil




rate (CR + PR + MR) was 23%. A univaniate analysis to
identify possible relationships between clinical parameters
and overall response failed to show any statistically
significant factors. The conditioning regimen did not
significantly affect the response rate, although the statistical
power was not enough due to the small number of patients
in each group. Response was observed in two of the seven
patients who received the most intensive regimen including
fludarabine, BU and gemeitabine, while it was seen in one
of the six patients who received the least intensive regimen
with fludarabine and low-dose TBL. None of the patients
with mixed chimerism showed a response, but this
difference was not statistically significant. DLI (donor
Iymphocyte infusion) was performed in four patients who
had progressive discase after RICT, and the number of
infused CD3-positive cells was between 2.7 x 107 and
1.8 x 10" cells/kg. One patient showed tumor shrinkage
after DLI, but the response was transient.

Figure la shows overall survival after RICT. Median
survival was only 139 days and the major cause of death
was tumor progression. Other causes of death included
infection in one and chronic GVHD in two. In a univariate
analysis, ECOG-PS below 2 and infused CD34-positive cell
dose greater than 4.0 x 10° cells/kg were associated with
significantly longer survival after RICT (Table 2; Figures
Ib and ¢). A multivariate analysis revealed that these two
factors were almost independently significant (Table 2).
With regard to post transplantation factors, while the
development of grade I1-1V acute GVHD did not
significantly affect survival (F=0.76), the eight patients
who developed chronic GVHD tended to survive longer
than those who survived longer than 100 days after RICT
but did not develop chronic GVHD (P =0.092; Figure 2).
This analysis was unlikely 1o be biased by the fact that
patients who survived longer had more chance to develop
chronic GVHD, as most of the patients developed chronic
GVHD as a progressive type from acute GVHD.

Discussion

To summarize these findings, 23% of the 22 patients in this
series showed a response 1o RICT. However, the duration
of the response was generally short and most of the patients
eventually died with progressive disease. The median
survival after RICT was only 139 days and only one
survived longer than | year after transplantation. Good
ECOG-PS and higher number of CD34-positive cells in the
graft were independently associated with longer survival,
The relationship between the number of infused CD34-
positive cells and transplant outcome has been studied in
PBSC transplantation for hematological malignancies.'”
The infusion of a higher number of CD34-positive cells has
been associated with faster recovery of neutrophils and plts,
but chronic GVHD was more frequently observed in
patients who received a very high dose of CD34-positive
cells (that is, >8.0x 10" cells/kg). In this study, two
patients failed to achieve engraftment, and both had
received less than 4.0 = 10° cells/kg of CD34-positive cells,
However, a statistically significant survival advantage was
confirmed even after these two patients were excluded from
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the analysis. If we consider that the major cause of death in
this study was progressive discase, the infusion of a higher
number of CD34-positive cells might have protected
patients from disease progression by a graft-versus-host
reaction, although we failed to show a significant difference
between the number of infused CD34-positive cells and
tumor response or the incidence of chronic GVHD,
probably due to the small number of patients. Patients
who developed chronic GVIHD showed better survival than
those who did not, with a borderline significance, suggest-
ing that they had some immunological protection against
the progression of pancreatic cancer.

Bone Marrow Transplantation
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Table 2 Univariate and multivaniate analyses for overall survival
Factor Medvan survival (days) P-value
A. Univariate
Age [ yeara)
<355 113 063
=55 180
Sex
Male 87 0.69
Female 70
ECOG-PS
-] 211 00067
-4 B0
Srage
Locally advanced 192 0.21
Metastatic 121
Serum CEA
Negative 12 0.70
Positive 192
Serum CAI9-9
Negative 157 .84
Positive 132
Regimen
Flu+ BU based 19 0.2
Flu+ CY 156
Flu+TBI T
CD+ cell dose
<40 x il‘?,lkg 85 nnig
>4.0 x 10%kg 201
GVHD prophylaxis
CsA alone 132 0.55
CsA + MTX 191
CsA + MMF 96
B Multivariare Relative risk (95" Cl) P-valie
ECOG-PS
0-1 1060 0032
24 33901.11-10.3)
CDI+ eell dose
w40 % 10°kg | .00 0.068
>4.0 % 10%kg 0,37 (0.13-1.07)

Abbreviations: Cl = confidence interval; ECOG-PS = Eastern Cooperative
Oncology Group performance status, Flu = fudarabine; MMF = myco-
phenolate mofetil.

This study was limited by the heterogeneity of trans-
plantation procedures among centers. However, consider-
ing the difficulty of performing a large-scale prospective
study on RICT against pancreatic cancer, this small survey
may currently represent the best evidence of the efficacy of
this novel treatment strategy against advanced pancreatic
cancer and may suggest a future direction for improving
the treatment outcome. We showed that pancreatic cancer
can be a possible target for allogeneic immunotherapy.
However, the immunological effect was not strong or durable
enough to prevent tumor progression. A possible siralegy
for enhancing a grafl-versus-tumor effect against pancrea-
tic cancer without enhancing GVHD is a combination with
specific immunotherapy using antigens including CA19-9,
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CA242, CEA, Her-2, mutated K-ras and MUC-1."* Among
these, CEA is attractive, since it is expressed in 85-90% of
pancreatic cancer, and a specific immunotherapy against
CEA could also be applied to other gastrointestinal
cancers. An increase in the serum anti-CEA antibody level
associated with a tumor response was observed in the
University of Tokyo Study.'* In addition, Kim er al'®
showed that a peptide CEA652, TYACFVSNL, binds to
HLA-A24 and induces CEA-specific cytotoxic T cells.
Therefore, vaccination with such a peptide may be
promising as a post transplantation immunotherapy
against pancreatic cancer. Another approach is to add
molecular targeting agents such as erlotinib after RICT,
This may induce tumor cell death, leading to the enhanced
presentation of tumor antigens to donor T cells. In
addition. RICT can be combined with surgical resection,
since the prognosis of pancreatic cancer is very poor even
after complete resection.'”* Maximum grafl-versus-tumor
effect can be expected when the tumor load is at us
lowest level.

In conclusion, a tumor response was observed n
approximately one-fourth of the patients who underwent
RICT against advanced pancreatic cancer, Although the
response was not durable, our findings, such as the
relationship between longer survival and the infusion of a
higher number of CD34-positive cells or the development
of chronic GVHD, should support a future study to
enhance the specific immunological effect against pancrealic
cancer.
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Human FIt3 Is Expressed at the Hematopoietic Stem Cell and
the Granulocyte/Macrophage Progenitor Stages to Maintain
Cell Survival'

Yoshikane Kikushige,*' Goichi Yoshimoto,*' Toshihiro Miyamoto,” Tadafumi lino,"*
Yasuo Mori,*" Hiromi Iwasaki,” Hiroaki Niiro," Katsuto Takenaka,* Koji Nagafuji,*
Mine Harada,* Fumihiko Ishikawa,’ and Koichi Akashi®*™

FLT3/FLK2, a member of the receptor tyrosine kinase family, plays a critical role in maintenance of hematopoietic homeostasis,
and the constitutively active form of the FLT3 mutation is one of the most common genetic abnormalities in acute myelogenous
leukemisa, In murine hematopoiesis, FIt3 is not expressed in self-renewing hematopoietic stem cells, but its expression is restricted
to the multipotent and the lymphoid progenitor stages at which cells are incapable of self-renewal. We extensively analyzed the
expression of FIt3 in human (h) hematopoiesis. Strikingly, in both the bone marrow and the cord blood, the human hematopoietic stem
cell population capable of long-term reconstitution in xenogencic hosts uniformly expressed Fit3, Furthermore, human FI3 is expressed
not only in early lymphoid progenitors, but also in progenitors continuously along the granulocyte/macrophage pathway, including the
common myeloid progenitor and the granulocyte/macrophage progenitor, We further found that human FI3 signaling prevents siem
and progenitors from spontaneous apoptotic cell death at least through up-regulating Mcl-1, an indispensable survival factor for
hematopoiesis. Thus, the distribution of FIit3 expression is considerably different in human and I poiesis, and h FLT3
signaling might play an important role in cell survival, especially at stem and progenitor cells that are critical cellular targets for acute

myelogenous leukemia transformation.  The Journal of Immunology, 2008, 180: 7358 -7367.

ematopoiesis is one of the most intensely studied stem
H cell systems where hematopoietic stem cells (HSCs)'

self-renew, generate a vaniety of lineage-resinciled pro-
genitors, and continuously supply all types of mature blood cells.
The technical advances of the multicolor FACS and the use of
mAbs have enabled the prospective isolation of hematopoietic
stem and progenitor cells according to the surface marker expres-
sion, In mice, multipotent hematopoietic activity resides in a small
fraction of bone marrow (BM) cells lacking the expression of lin-
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eage-associated surface marker (Lin) but expressing high levels of
Sca-1 and ¢-Kit (1, 2). Within the ¢-Kit "Lin~ Sca-1" (KLS) frac-
tion, the most primitive self-renewing HSCs with long-term re-
constituting activity (LT-HSCs) do not express murine (m) CD34,
but they do express mCD38 and a low level of mCD90 (Thyl).
whereas mCD34”, mCD387, ormThy |~ KLS cells are shon-term
HSCs (ST-HSCs) or multipotent progenitors that do not self-renew
(3-5). Downstream of the mCD34" ST-HSC stage, commaon lym-
phoid progenitors (CLPs) (6) and common myeloid progenitors
(CMPs) (7) that can differentiate into all lymphoid cells and my-
elo-erythroid cells, respectively, have been punihied. CMPs differ-
entiate nto granulocyte/macrophage progenitors (GMPs) and
megakaryocyte/erythrocyte progenitors (MEPs), both of which are
also prospectively isolatable by FACS (7),

Interestingly, the expression patiern of these surface markers in
carly stem and progenitor populations are considerably different in
human (h) hematopoiesis. In humans, LT-HSCs express hCD34
(8). The hLT-HSC resides in the hCD34 "hCD38™ (9. 10) or the
hCD347hCD20" (11-13) fractions in both human BM and cord
blood (CB). 1t is still unclear what percent of hCD34" hCD38 ™ or
hCD34" hCDY0" cells are LT-HSCs in human hematopoiesis. The
human counterpart for mCMPs, mGMPs, mMEPs, or mCLPs is
also isolatable in the BM and the CB within the hCD34" hCD38"
progenitor fraction ( 14, 15), It has thus been suggesied thal, despite
the difference in the expression pattems of key Ags in human and
mouse hematopoicsis, lineage commitment processes from HSCs
to mature blood cells might be generally preserved in both species,
For example. the exisience ol prospectively tsolutable CMPs and
CLPs suggests that lineage commitment from HSCs involves my-
eloid vs lymphoid bifurcation in both mouse and human

Recently, two independent groups have reponed that in muring
hematopoiesis, FIB/FIK2, a tyrosine kinase receptor, is expressed in
ST-HSCs but not in LT-HSCs. One group showed that mCD34
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levels, und CLPs at a low level, Rep-
ative data of independent five
experiments are shown here.
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KLS cells (LT-HSCs) are mFIG3 (16). and the other showed that
only the mAIB ™ fraction of mCDYW"™ KLS cells possesses LT-HSC
aetivity (17). Each group further studied the detuled dilferentiation
activity of mFIi3 " KLS cells, but drew different conclusions. Adolf-
sson et wl. (18) reponted that the mFI3 "'mCD34 " KLS population
maintamns the granuloeyte/macrophage (GM) and the T/B lymphoid,
but not the megakaryoeyte/erythrocyte (MegE) potential. if any. This
result suggests that, in addition o the lymphoid vs myeloid develop-
mental pathway represented by CLPs and CMPs, respectively, there is
a enocal stage common 10 GM. T, and B lymphoid cells. The other
group, however, showed thst mFI3 " mCD90™ KLS cells are multi-
potent. thus claiming that the stage common 1o GMAymphoid lin-
cages proposed by Adolfsson et al. (18) does not constitute a major
pathway Tor hemalopoietic development (19), In contrast, down-
stream of the mST-HSC stage, there is a general agreement that mFIL3
15 expressed in progenitors with lymphoid potennial. such as the ma-
Jority of CLPs and a minor fraction of CMPs, that retain a weak B cell
potential (20}, whereas it is down-regulated in late myeloid stages,
such as GMPs and MEPs (20, 21). The FI3 ligand (FL) is required for
development of CLPs from mFI3™ KLS cells, whereas mFI3 is dis-
pensable for HSC maintenance and myeloid development (22), These
resulls suggest that in mouse hematopoiesis, FIt3 signaling plays an
important ole in lymphoid, but not in HSC or myeloid. development.

The precise expression and the role of hFI3 i human hematopoi-
esis, however, renun unclear, Around 40-80% of hCD34 ™ BM and
CB cells express hFIG3 (23, 24). Although u fraction of both the
hAB " and the hFI3 T populations gave nse (o multilineage “mixed"
colonies  containing  all  myelo-erythroid components, the
hEL3 "hCD34 " and hFlt3 hCD347 populations predominantly
formed GM and erythroid colonies. respectively (23-25). It has also
been shown that cells with NOD/SCID reconstitution activity reside
in the hCD34 " hFNA T Iraction (24), These data collectively suggest
that LT-HSCs and GMPs may reside mainly in the hFIG3 ™ hCD34 "
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fraction, whereas MEPs may be contined in the hFIii3 " hCD34™ frac-
tion, Therelore, the expression pattem of FIL3 could be quite different
in mouse and human hematopoiesis. Fl3 expression has also been
implicated in developmen of human acute myelogeneous leukemia
(AML). Fi3 is expressed in leukemic blasts in most cases with AML
(26, 27). Furthermore, FLT3 is one of the most frequently mutated
genes in AML (28, 29), and the FLT3 mutants transduce (he consti-
tutively active FLT3 signaling. that could be the cause ol poor prog-
nosis in AML with FLT3 mutations (30-32),

In this study. we extensively analyzed the expression and func-
tion of hFI3 in steady-state human BM and CB hematopoiesis,
Interestingly, hF1I3 was expressed in the entire human BM and CB
HSC population. and punfied hFIt3" HSCs could reconstitute mul-
tilineage cells for a long-term in our xenogeneic transplantation
system (33). Therefore. unlike mouse hematopoiesis, the negative
expression of Flt3 does not mark LT-HSCs in human. Further-
more. in striking contrast o mouse hematopoiesis where mFld is
expressed in CLPs but not GMPs (20, 21), hFl3 was expressed in
GMPs as well as in CLPs at a high level. The hFlt3 signaling did
not affect the lineage Fate decision of hKHSCs, but supported cell
survival of hFit3 " stem and progenitor cells, at least through the
up-regulation of Mcl-1, a survival promoting Bel-2 homologue
(34). These data collectively suggest that FI3 signaling pluys a
critical role in maintenance of self-renewing LT-HSCs. and of GM
and lymphoid progenitors in human hemuatopoiesis,

Materials and Methods
BM and CB sumples

Fresh human sieady -staie BM and CB samples were collecied Iom healthy
wlults and newboms after normal deliveries, Informed consent was ob-
tuined from all subjects, The Institutional Review Board of each institution
participating in this project approved all research on human subjects.
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FIGURE 2. The expression patiems of hFI are similar in early human BM (A) and CB (B) hematspoiesis. In the myeloid pathway in both the BM and
CB. hFIt3 was up-regulated into the GM pathway, but was down-repulited in the MegE pathway: GMPs expressed hFIt3 at a high level, whereas MEPs

did not express hFI. CMPx contained both hFIG™ and hFI3 ™ fractions, In the lymphoid pathway. CLPs expressed hFIt3 at a high level in BM (A) and
a low level in CB (8), whereus hCDI0"HCDI9™ proB cells did not express hEI in cither the BM or the CB. Rey

experiments are shown here

Cell preparation, flow cvtomerric analysis, and cell sorting

The BM and CB mononuclear cells were prepared by gradient fugation
and ihe CD34" cells were enriched fim momonuclear cells by using the In-
direet CDM MicraBead kit (Millenyi Biotec ) as described previosly (14), e
the analyses and sorting of myeloid progenitons, cells were stamed with a
Cy5-PE- or PCS-conjugated lincage mixture, including anti-hCD3 (HIT3a),
hCDM (RPA-T4), hCD7. hCDE (RPA-TE). hCDI0 (HI 10w, hCDI9 (HIB19),
hCD20 (2HT7). hCD1 b (ICFR44), hCD14 (RMO52). hCD56 (NKH-1),
and hGPA (GA-R2), FITC-conjugated anti-hCD34 (8G12), or anti-hCD4SRA
(HI00), PEconjugated anti-hFi3 (CD135) (4G8), or anti-hCD123 (6H6),
allophycocyanin-conjugated anti-hCD34 (8GI2), or anti-hCD38 (HIT2),
Pacific Blue-conjugated anti-hCD4SRA (HI00), and iotinylated anti-
hCD3R (HIT2) or anni-hCD123 (9F5), The lymphoid progenitors were
stamed with the same lineage mixmure except for the omission of ann-
WCRIO and hCDI9 followed by FITC-conjugated anti-hCDI0 (SS2/36),
PE-CyT-conjugated anti-hCD19 (SI25CT), and anti-hFlid. hCD34, hCD38,
and hCDYSRA as described above. For addinonal analyses, PE-Cy7-con-
jugated ani-hCD34 (BGI2), ATCconjugated anti-hCD90 (SE10), PE-
conjugated anti- hCD117 (YB3 BE), biotinylawed anii-hFii3 (BVI0A4H2).
und PEconjugated anti-hCDI27 (R34, 34) mAbs were used. Streplavidin-
conjugated allophycocyunin-Cy7 or PE-Cy7 was used for visualization of
the bintinylated Abs (BD Pharmingen). The dead cells were exclided by
propidium iodide (P1) suining. Appropnaie sotype-maiched. irrelevani
control mAbs were used to determine the level of background staining. The
cells were sorted and analyzed by FACS Aria {BD Biosciences). The sored
cells were subyecied w an additional round of sofing using the same gaile
to eliminate contaminating cells and doublets. For single-cell assays, the

ve data of five

re-sort was performed by using an aulomatic cell-deposition umil sysiem
(BD Biosciences )

In vitro assays to determine the differentiation potential of
progenitors

Clonogenic CFU assays were performed using o methylcellulose culrure
system that was set up 1o detect all possible outcomes of myelod differ-
entiation as reported previously (14, 35). For myeloid colony formation.
cells were culured in IMDM-based methylcellulose medium (Methocull
HA100; StemCell Technologies) supplemented with 20% FCS. 1% BSA. 2
mM -glutamine, 50 uM 2-ME. and antibiotics in the presence of human
cytokines soch as 1L-3 (20 ngfml). stem cell factor (SCF) (200 ng/ml). FL
(20 ng/mi), TL-11 (10 ng/ml), thrombopoetin (Tpo) (50 ng/mil), erythro-
poietin (Epo) (4 Umly, and GM-CSF (30 ng/ml). All eyiokines were ob-
tained from R&D Systems. Colony numbers were enumerated on day 14 of
culture, For the shon-tem liquid cell culrure, cells were cultured in TIMDM
with 10% ICS in the presence of the eytokines described above. All of the
cultures were incubated al 37°C i a humidified chamber under 5% CO,

Apaoptosis assav and ovtokine stimulation assayy in the
serum-free medivm
To exclude the unexpecied effects of FCS and to evaluate the effects of

cytokine stimulation precisely. the cells were prepared in the FCS-free
condition, The anti-apoptotic ¢ffect of FL and SCF was eviluaed after 24 h
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relutive expression levels of hFIA transcript by real-time PCR. Each bar shows the n-fold difference of the level of hFU3 mRNA in comparison i that of
the whole CMP, The mean value and SD of BM sumples from three independent normal donors are shown. Note that the levels of hFILY transcripts are

well correlated with those of surface hFIL expression determined by FACS (Fig. 240, 8, The long-term and multilineage ruumumlmn af h
mice injected with 1 % 10* hFI3 ' hCD34 hCD3I8 ™ Lin~ CB cells 4 (upper panels) or 6 (mwer panels) mo alier transpl - Rey
Muliilineage reconstitution 6 (upper panels) and 15 wk GUower panels) ofter v,

oul of five experiments are shown, C,

man cells in
ative two results
injection of § ®% 10"

A hCD3 " hCD3E hCDW” Lin~ BM HSCs into NOD/SCITVIL2e3"™" newborms, Donor-derived viable human cells were evaluated as hCD45 Pl

cells. D33 pranulocyies. D14 monocytes, hCD41 "
BM ol recipent mice. D, Sten

megukaryocytes, hCDI9" B cells. hCD3™ T cells, und hCDS6 ™ NK cells were detected in the
nd progenitor analyses of BM Irom mice reconstimted with hIFi3 ™ HSCs, The BM contained hFi3 ™ hCD34 "hCD38 ™

HSCs. and all types of myeloid progenitors within the hCD3 *hCDIL* population. including hCD4SRA hCD123% CMPys, hCD4SRA * hCD 234

GMPs, and hCD4SRA "hCD123

MEPs. The expression patterns of hFIE3 in each population were identical with those of freshly isolated siem and

progemitor cells. A representative experiment by using BM samples from (hree independent normal donors is shown

serum-free liquid culiure, using Annexin V and P1 staining (BD Pharmin-
gen). The sorted cells were culured in the serum-Tree medium
(STEMPRO-34 SFM: Invitrogen) with or without FL (20 ng/mi) andéor SCF
(20 ngfmd) for 24 b The living cells were defined as Annexin V- /PL among
the live-gated cells (as shown in Fig. S8). For the eytokine simulation assays.
cells were sored in the IMDM umd then the eytokines were added

In viver assays to determine the diffeventiation potential and
recensiitistien capacity

The NOD.Cg-Pride™*'IL-2rg""™"/Sz (NODISCIDAL2ry™") mice were
developed at The Jackson Laboratory. The NODUSCIDAL 2™ strin was
established by backerossing a complete null mutation at yv locus (36) anto
the NOD.Cg-Prkde™™" stram, The estblishment of this mouse line has
been reported elsewhere (37), For the reconstitution assays. the saned cells
were transplanted into irradinted (100cGy ) NODSCIDAL2 0™ newboms
via a facial vein within 48 h of birth. To confirm the long-term reconsti-
tution by hHSCs, the chimenism of crculating hbuman blood cells were
amalyzed until af least 24 wk after transplantation, us previously reponed
(331 In mddition 1o the Abs described above, the following mAbs were
used: allophycocyamin-conjogated anti-hCD4S (133, PE-CyT-conjugated
anii-hCD123 (6H6). FITC-conjugated anti-hCD33 (HIM3-4) ar hCDI14
(MSE2), and PE-<conjugated anti-hCD41 (VIPL3), hCDS6 (B159), an-
hGlycophorm A (GPA) (GA-R2), or ani-hCD3 (HIT 30

Quamtitative real-time PCR

To examine the gene expression profile of each populalion, RNA was
mwolated from 2.000-s0red cells using lsogen reagent (Nippon gene) ac-
cording 10 the munufacturer’s instructions, The total RNA was reverse
transeribed 10 ¢cDNA using o TaKaRa RNA PCR kit (Takara Shuzo). The
mRNA levels were guantified in triplicate using a real-time PCR (7500
Real-Time PCR systeni: Applied Biosystems). hZ-microglobulin mRNA
was separately amplitied m the same plate w be used for internal control.
The primer and probes were designed by Primer Express soliware (Applicd
Binsystems).

Results
The hCD34" WCO3I& HSC fraction express WFU3 at a low level
in both BM and CB

The hCD34"Lin~ population was divided into hCD38" and
hCD38" populations (Fig. 1, A and B). It has been shown that
HSCs with long-term reconstitution activity reside in the
hCD3I8 fraction within the hCD34" BM and CB populations
9, 10). As shown in Fig. 1A, in the BM, hCD38" cells con-
stituted only ~5% of the Lin " hCD34" population, This pop-
ulution uniformly expressed hFlt3 at a low level. More than
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with their phenotypic definition. The mean value of four independent experiments 1s shown.

60% of the hCD34"hCD38 BM cells also expressed hCDY0,
another ¢ritical marker for hHSCs (11-13), whereas the
hCD34"hCD38 " Lin~ fraction was constituted of hCDY0 ~ lin-
eage-commitied progenitors

In the CB, only ~30% of hCD34"hCD38  cells expressed
hCDY0 (Fig. 18). In the NOD/SCID/AL2ry™" newborn system,
the hCD34 "hCD38 hCD90" population was highly enriched lor
HSCs capable of long-term reconstitution as compared with the
hCD34" hCD38 hCDY) CB fraction (F. Ishikawa, unpublished
dmta). The vast majority of hCD34"hCD38 ™ cells expressed hF13
al u low level as previously reponed (38). Fumhermore, the
hCD34" hCD38™ hCDY0" CB population expressed hFlt3.

These data clearly show that hFl3 is expressed in all cells with
the hHSC phenotype in both the BM and the CB, and suggest that
Fli3 expression does not discnminate ST-HSCs from LT-HSCs
in human as it does in mouse (16, 17), In contrast, the BM and
the CB hCD34"hCD38" progenitor fraction expressed negative
to high levels of hFl13. We thus further subfractionated the
hCD34" WCD38" population 1o evaluate the hFIL3 expression in
a variety of lineage-restricted progenitors,

The expression of W3 within the hCD34" hCD3I8™ progenitor
fructiem

In mouse hematopoiesis, the expression of mFIG is associated with
carly lymphoid progenitor activities: it is expressed in the majority

of CLPs. and in the minority of CMPs with weak B cell potential
(200, but not in MEPs or GMPs (20) (21). Fig. 2 shows the ex-
pression of hFI3 in the myeloid and lymphoid progenitor popu-
Iations. According to the phenotypic defintion of human myelow
and lymphoid progenitors (14, 15, 39, 40), hCD34 " hCD38 " cells
were subfractionated into myeloid and lymphoid progenitors,
including the hCD4SRA hCDI23 (IL-3Ra)"™ CMP, the
hCD45RA "hCDI23" MEP, the hCD45SRAhCDI23"™ GMP.
the hCD10"hCDI1Y CLP, and the hCDIO"hCD19" proB popu-
lations. Interestingly, in both the human BM and CB, ~70-80%
of CMPs expressed hFI3, whose level was progressively up-reg-
ulated ot the GMP stage. In conirast. hFIt3 expression was com-
pletely shut down in MEPs. In the lymphoid lineage, the
hCD34" hCD38 " hCDIO" CLP (15) swrongly expressed hFIG,
whereas hFIG3 was down-regulated in the proB cells. The expres-
sion level of hFI3 in GMPs and CLPs appears to be higher than
that in hCD34" hCD38 hCD90" HSCs (Fig. 2). We also tested
the level of hFIS transenpts in punihed hBM HSCs and progenitor
populations (Fig. 34), The pattem of hFit3 mRNA expression was
generally consistent with that in hFI3 protein, as evaluated by
using anti-hFlt3 Abs on FACS (Figs, | and 2), Consistent with a
previous report (41), MEPs and hFlii3 ™ CMPs had the lowest lev-
els. GMPs and CLPs had the highest levels. and the
hCD34"hCD38" HSC population had a medium level of hFIS3
mRNA. Collectively. functional hLT-HSCs express hFlIt3 mRNA
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and surluce protein, and the distribution of FIt3 is quite different
between human and mouse in early hematopoiesis.

In contrast, ¢-Kit was expressed at high levels in human HSCs
and myelo-erythroid progenitors, while at a low level in CLPs
iFig. 1C). The expression patiermn of ¢-Kit in human hematopoietic
stem and progenitor cells is generally consistent with that in mouse
hematopoiesis (4, 6, 7), suggesting that the ¢-Kit expression pro-
gram is preserved in mouse and human hematopoiesis.

ItFltd is expressed in funcrional hHSCs capable of reconstinging
mewnurl] hemrtopoiesis in the NODYSCHWIL-2 recepror y-chain
il (NODSCHWIL2ey™ ) mionese model

In the NOD/SCIDAL2ry™" newbom system, hCD34” hCD38

BM and CB cells are capable of reconstitution of all hematopoictic
lincages for a long term (33). The entire hCD34 " hCD38 BM
population expressed hFI3 (Fig 1A), suggesting thal Tunctional
hBM  HSCs possess hFIt3 on  their surface. In contrast,
hCD34"hCD38 ™ CB cells contained some hCDYO cells that did
not express hFlt. To formally test whether Flt3-expressing
hCD34"hCD38 ™ CB cells possess LT-HSC activity, we trans-
planted hFli3 "hCD34 " hCD38 hCD90" CB cells in 10 NOD/
SCIDAL2ry™" newboms. As shown in Fig. 38, NOD/SCID/
IL2ry™" mice transplanted with | X 10" hFI3*hCD34"
hCD38 hCD90" CB cells reconstitutied all hematolymphoid

lineages for =6 mo. indicating that hFIL3 is expressed in functional
hHSCs in CB as well as in BM.

Fig. 3C shows the phenotypic analysis of human progeny from
5 % 10" hF3 ™ hCD34" hCD38 “hCDY0 " BM cells 6 (upper pan-
els) or 15 wk Uower panels) alter ransplantation into NODYSCIDY
IL2ey™" newborns (33). hFI3"hCD34 hCD3R hCDYD" BM
cells differentiated ino all hematopoietic lineage cells, including
hCD33" granulocytes, hCD14™ monocytes. hCD41 " megakaryo-
eytes. hCD19" B cells, hCD3™ T cells, hCD56™ NK cells (Fig.
3C). and hGPA " erythroeytes (not shown), Furthermore, trans-
planted hF3 " hCD34 " hCD38 HSCs purified from primary re-
cipients developed secondary hFI3 " HSCs and hFitd /" CMPs,
hFI3 ™ MEPs, and hFlt3 ™ GMPs recapitulating normal human he-
matopoietic development. Thus, the hCD34 hCD3% hCDY0”
BM population containg cells with long-term SCID reconstitution
potential as reported (33, 42). and all cells within this population
express hFIE3 on their surface (Fig, 3D).

The up- or dovwn-regulation of BFI3 in the myveloid pathway is
assoctated with GM or MegE differentiation activiey,

respectively

Fig. 4A shows the differentintion potentinl of purified BM progen-
itors in vitro in the presence of the myeloid cytokine mixiure con-
mwimng SCF. FL. IL-3. 1L-11. Tpo. Epo. and GM-CSF. hFii¥”
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FIGURE 6.

A. Quantitative RT-PCR assuys for human anti-apoptotic genes such as Mel-1. Bel-2, and Bel-x, in purified HSCs and each progenitor

populanon. Each bar represents an n-fold difference in the amount of anti-upopiotic gene expression relative 1o that in Fltd™ CMPs, Note that Mel-1
expression level is highest in HSCs. whereas Bel-2 and Bel-x, expression is most pronounced in GMPs and MEPs, respectively. B. Changes in anti-
apoplolic gene expression m each progenitor after incubation with FL and/or SCF, Significant up-repulation of Mcl-1 mRNA was seen m HS5Cs, Flid”
CMPs. GMPs. and CLPs after incubation with FL. andfor SCF, Each bar represemis the mean value and the SD of sixe independent samples

CMPs lformed a vaniety of myelo-erythroid colonies including clo-
nogenic  CFU-granulocyie/erythroid/macrophage/me gakaryocyte
(CFU-GEMM), whereas hFlIt3™ CMPs did not form CFU-GEMM,
but preferentially differentiated into the MegE lincage. Since
GMPs (hFIG3 ") and MEPs (hFlt3 ) exclusively gave rise 1o GM-
and MegE-related colonies, respectively, hFlt3 expression could
be associaled with GM lineage development, These results sug-
gested that hFIG T CMPs might diffierentiate into MEPs via hFlid ™
CMPs. We thus directly tested the lineage relationship of these
purified myelo-erythroid progenitor populations (Fig. 48), hFlid™
and hF3 ™ CMPs were purified and cultured in vitro, Then, 72 h
after the initiation of culture, hF3" CMPs gave nise to hFl3
CMPs, hFI3™ GMPs and hFii3” MEPs, whereas hFitd CMPs
did not up-regulate hFI3, differentiating only into hFlid ™ MEPs
Such phenotypically defined secondary myeloid progemtors dis-
played differentiation activity consistent with their phenotypic del-
inition (Fig. 4C). These data suggest that multipotent hFIG*
CMPs can differeniate into both GMPs and MEPs, whereas
hFI3 ™ CMPs represent a transitional stage into MEPs

Fied signuling prevects himan hematopaietic stem and
progenitor cells from apoptoric cell death

We wished to elucidate the role of FIt3 signaling in human hema-
topeiesis. We first tested the effect of FIL3 signaling on the differ-

ennanon of HSCs, CMPs, and GMPs. Punfied hFI3® HSCs,
CMPs, and GMPs were cultured in methylcellulose in the presence
of the myeloid cytokine mixture, with or without hFL. As shown
in Fig. 54, the addition of FL in the culture did not affect the
pereentage of GM, MegE. or mix colonies in any of these popu-
lations. Interestingly, however, the colony numbers significantly
increased in all cases when FL was added to the culture, This effect
was dose-dependent, and the stimulatory activity of FL reached its
peak at a concentration of 5 ng/ml (not shown). The plating effi-
ciencies of hFI3 " HSCs, CMPs, and GMPs cultured with the ey-
tokine mixture contaimng FL (20 ng/ml) were significantly higher
than those cultured without FL, suggesting that FL signaling may
enhunce the viability of cells (Fig. 54). We then directly tested the
viability of HSCs. CMPs, and GMPs 24 h afier the initiation of
culre in serum-free media, with or without FL. The live, apo-
potic, and dead cells after cullure were enumerated by the An-
nexin/Pl staining (43). In this stwning, live cells are Annexin /
PI" . whereas Annexin“ /Pl and Annexin ™ /P1" cells are apoptotic
and dead cells, respectively (Fig. 58). Withow FL, a considerable
proportion of punfied HSCs. CMPs. and GMPs rapadly became
Annexin” /Pl and Annexin " /P17 cells undergoing apoptotic cell
death, The addinon of FL sigmificantly blocked apoptotic cell death
in all of these populations, indicating that FL plays a critical role
in human hematopoietic stem and progenitor cell survival (Fig.
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SB). These data strongly suggest that Flt3 signaling does not in-
struet hematopoietic lincage commitment in hFl3-expressing my-
eloid progenitors, but it does promoie their survival.

SCF, the ligand for ¢-Kii, has also been shown 1o play o critical
role in the maintenance of survival in early hematopoiesis. Both
c-Kit and Fii3 belong to the class 111 receptor tyrosine Kinase
(RTK) Laumily, shanng their major signaling cascade (44), Human
HSCs, CMPs, and GMPs expressed both ¢-Kit and Flt3 a the
single cell level (Fig. 1) Thus, we tested the anu-apoptotic effect
of SCF in this system. As shown in Fig. 5C, in all HSC, CMP, and
GMP populwions, SCF also displayed anti-apoptotic effects whose
impact on cell survival is similar 1o that of FL. Furthermore. in
HSCs and CMPs, the combinaton of FL and SCF further increased

IK.‘IL'L'I'I
either FL. or SCF alone, suggesting that SCF and FL signals col-
laborate to maintain cell survival of HSCs and CMPs,

Flid signuling wp-vegulates Mol-1, bur nor Bel-2 or Bel-y,,
expression i human hematopeietic stem and progenitor cells

The question: is the mechanism of cell survival enhancemem by
signaling of RTKs, such as FIU3 and ¢-Kit? We have shown that in
murine hematopoiesis, Mcl-1. a Bel-2 homologue, is indispensable
tor bematopoiete stem and progenior cell survival, and thar e-Ki
signaling is one of the most eritical inducers for Mcl-1 expression
in mHSCs (45), We therefore hypothesized that FIt3, as well as
¢-Kir signaling may up-regulate Mcl-1 1o maintain cell survival in
human henuopoiesis as well

Fig. 64 shows the disiribution of the transenpts of Bel-2 family
molecules including Mcl-1. Bel-2, and Bel-x, in human stem and
progenitor cells. Mel-1 s expressed at the lghest level in HSCs
CMPs and CLPs expressed similar levels of Mcl-1, and MEPs
expressed Mcl-1 at the lowest level. This expression patterm ol

ages of live cells as compared with those in the presence of

Mel-1 transcript in human hematopoiesis is consistent with that in
murine hematopoiesis (45). In contrast, Bel-2 was highly ex-
pressed in GMPs and CLPs, whereas Bel-x, was expressed in
MEPs at the highest level,

Purified stem and progemitor populations were incubated with
FL and/or SCF in serum-free media. Both FL and SCF dramati-
cally up-regulated the expression of Mel-1 in u dose-dependent
manner, and it reached its peak 30 min afier initiation of culture at
a concentration of § ng/ml (data not shown). Fig. 08 shows the
relative expression level of Mcl-1, Bel-2, and Bel-x, in the pres-
enee of 20 ng/ml FL and/or SCF. We found that both FL and SCF
significantly up-regulated the expression of Mcl-1, but not of Bel-2
or Bel-x,, in HSCs, CMPs, und GMPs, These data collectively
suggest that one of the important functions of these class 111 RTKs
is to specifically activate Mel-1 expression. Interestingly. in HSCs,
FL and SCF displayed an additive effect on the up-regulation of
Mcl-1. Therefore, Flt3 and c-Kit signaling colluborate to protect
Fli3" HSCs and early myeloid progenitors from apoptotic cell
death. presumably through activating anti-upoptotic Mel-1 tran-
scription, In CLPs, however, FL activated not only Mcl-1 but also
Bel-2 transeription.

Discussion

In this study, by using
xenograft system, we provide evidence that the distribution of Fit3
RTK is quite different in human and mouse hematopoiesis. First,
although mouse LT-HSCs do not express mFl3, the HSC-enriched
hCD34 "hCD38 hLin~ population, that can reconstitute human
hematopotesis Tor a long-term in our xenogenic mouse madel. uni-
formly expresses hFltd in both BM and CB. It is still unclear
whether SCID-repopulating cells directly correspond to hLT-
HSCs. However, because the hCD34 hCD38 " hLin

multicolor FACS and a lnghly efiicient

cells never



