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Fig. 2. Responses of ink*/~, §H2-B~!~ or AP§~/~ BMMCs (filled bars)
and of respective control BMMCs (open bars) induced by activation of
<Kit or FceRI. (A} Proliferation upon stimulation with various con-
centrations of SCF. Values shown are the mean cpm = SD of triplicate
determinations. {B) Adhesion to fibronectin induced by various con-
centrations of SCF or 10ng/ml PMA. Shown are average+SD of
triplicate measurements. (C) Degranulation after cross-linking FeeRI,
Cells sensitized with anti-DNP IgE mAb were stimulated with the
various concentrations of DNP-BSA. Shown is the percentage of p-
hexosaminidase activity released into culture supernatants out of the
total B-hexosaminidase initially stored in cells. 4PS-/~ BMMCs
showed augmented degranulation responses (see also Table I). Rep-
resentative results of three independent experiments are shown from
(A) through (C).

mediated by binding of monomeric IgE to FceRI was
also comparable (Fig. 3C). Tyrosine phosphorylation of
various cellular proteins was rapidly induced after cross-
linking FceRI in mast cells and was comparable between

Table 1
Enhancement of FeeRI-induced degranulation in APS~'- BMMC
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APS-/= and wild-type BMMCs. Phosphorylation of
neither Akt nor PKCS molecules was affected in the
absence of APS (data not shown).

Decreased actin assembly in APS~/~ BMMCs

It has been shown that Lnk associates with an actin
binding protein ABP-280 [19] and that SH2-B plays a
role in actin reorganization and cell motility mediated
by growth hormone receptor [20,21]. We recently
found that Lnk facilitates actin reorganization in
transfected fibroblast cells (S.M.K. and S.T., unpub-
lished data). In addition, a negative correlation be-
tween actin polymerization and FceRI-mediated
degranulation from RBL-2H3 mast cell line has been
presented [22,23].

We speculated APS may regulate actin cytoskeleton,
which potentially has regulatory process for degranula-
tion in mast cells, Therefore, we investigated conse-
quences of inhibition of actin polymerization induced by
cross-linking FegRI in BMMCs and its effect on de-
granulation by treatment with latrunculin. Treatment
of sensitized BMMCs with latrunculin resulted in the
reduction of F-actin contents as demonstrated by rho-
damine-phalleidine binding (Fig. 4A, left panel). Cross-
linking FeceRI induced reduction of F-actin contents in
stimulated BMMCs. Consistent with observations using
RBL-2H3 cells, inhibition of actin assembly by treat-
ment with latrunculin enhanced degranulation from
normal BMMCs in a dose-dependent manner (Fig. 4A,
right). Interestingly, sensitized APS~/~ BMMCs showed
reduced F-actin content (about 70% of control) com-
pared to wild-type cells (Fig. 4B, left). The reduction in
F-actin contents became less evident in cells treated
with latrunculin. Finally, the effect of latrunculin on
degranulation was compared between 4PS~/~ and con-
trol BMMCs. As shown in Fig. 48, augmented de-
granulation by 4PS~/- BMMCs became less evident by
treatment with latrunculin, which was well correlated
with difference in F-actin contents between latrunculin
treated APS~/~ and control cells. These results suggested
that 4 PS-deficiency in mast cells made actin assembly at
relatively low levels and that resulted in facilitated de-
granulation process after cross-linking FesRI.

DNP-BSA(ug/ml)

Degranulation (% maximal response induced by PMA plus jonomyein)

0 0.1 0.5 25
++ (7= 11} 56109 19.44+24 289425 294421
== (n=11) 50+07 258139 39.5+£3.9 40.6+3.4
(% +/+ response) (894%) (133%) (136%} (138%)

Sensitized BMMCs were stimulated with the various concentrations of DNP-BSA or 10 ng/ml PMA plus 400 ng/m! ionomycin, Values represent
the mean % SE of % B-hexosaminidase activity normalized by the value induced with PMA plus ionomycin as 100%. *p < .05, **p < 0.01 compared

to +/+ BMMCs by Student’s ¢ test.

100



L
(=23
(=)

C. Kubo-Akashi et al. | Biochemical and Biophysical Research Comnumications 315 (2004) 356-362

A B 16 Wi C ] .
g 100 g . APS~/~ medium 1gE 1 pg/mt IgE 5 pg/m!
@ [ DNP.BSA 100
[7] 2 )
G g 12t y <
32 50 w = b
£ £ 8 50
3 & 08 2
8 o , -
o o o n F onomycin
& P = 0;
& 3 3 750 o~ 6 4 80 4 80 4 8
DNP-BSA (ug/ml) time (seconds) . Days
D
kD

250-
150-

100~

anti-pTyr
Fig. 3. Cellular responses of 4PS~/~ BMMCs mediated through cross-linking FegR1. (A) Proportion of degranulated cells after cross-linking FceRI
with various concentrations of antigens was determined by cytochemistry. Percentages of degranulated cells were comparable between APS~1- (closed
bars) and wild-type control mice (open bars). The average + SD of three independent experiments are shown. (B) Calcium influx induced upon cross-
linking FceR1 in 4PS~/~ (lower line) and wild-type (upper line) BMMCs. After IgE sensitization, BMMCs were loaded with Fura PE3 and stimulated
with 5 pg/ml DNP-BSA and 10 pg/m! ionomycin at the indicated titme points (arrows), and fluorescence intensity ratio at 340-380 nm was measured.
Representative results of two independent experiments are shown. (C) Survival of AR5/~ (closed circles) and wild-type {open circles) BMMCs by
binding of monomeric IgE to FesRL Cells were cultivated in the absence or in the presence of various concentrations of monomeric IgE and
percentages of live cells were measured. The average £SD of three independent experiments are shown. (D} Tyrosine phosphorylation of total
cellular proteins after cross-linking FeeR1. Sensitized BMMCs were stimulated with 2.5 pgfm] DNP-BSA for the indicated times. Total cell lysates

were separated through SDS-PAGE and subjected to immunoblot using anti-phosphotyrosine mAb (4G10). Representative results of three
experiments are shown.

Discussion published data). It is likely that lnk-deficiency alone
hardly affects mast cell function because of low ex-
We investigated functions of Lnk, SH2-B or APS in pression of Lok in mast cells.
mast cells, since possible regulatory roles of Lnk-family APS had been cloned as a possible candidate sub-
adaptor proteins in signaling through c-Kit or FceR1 had strate for the c-Kit [7). However, 4PS~/~ BMMCs did
been suggested. We established BMMCs lacking either not show any altered responses upon stimulation with
Lnk, SH2-B or APS and examined their cellular re- SCF. Instead, they showed enhanced FeeRI-mediated
sponses. Note of those mutant BMMCs showed altered degranulation. APS-/~ BMMCs showed reduced actin
responses against IL-3 or SCF, the c¢-Kit ligand. APS- assembly at steady state compared to normal BMMCs,
deficiency resulted in enhanced FeeRI-mediated degran- Inhibition of actin assembly in normal BMMCs by la-
ulation, while both Ink~/~ and SH2-8~/- BMMCs did not trunculin resulted in enhanced degranulation similar to
show any abnormal responses induced by cross-linking APS~/- BMMCs. In APS~/~ mice, B-1 cells in peritoneal
FceR1. cavity increased and showed reduced F-actin contents.
We have shown that Lnk negatively regulates c-Kit Conversely, in transgenic mice overexpressing APS in
signaling in B cell precursors and hematopoietic pro- lymphocytes, B cells were reduced and showed enhanced
genitor cells [8,10]. We did not observe significant actin assembly [17]. These results suggest that APS may
enhancement in SCF-dependent growth of Ink™/~ negatively regulate degranulation process by controlling
BMMCs in contrast to a previous report by Velazquez actin dynamics in mast cells. In RBL-2H3 mast cells, -
et al. [11]. SCF-dependent adherence was also com- actin assembly induced by cross-linking FceRI nega-
parable to normal cells. Expression levels of /nk tively controls degranulation as well as calcium signaling
transcripts are rather low in BMMCs compared to [22.23]. Oka et al. [24] recently reported that monomeric
B-lineage cells or hematopoietic progenitor cells (un- IgE binding induced actin assembly and that inhibition
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Fig. 4. Enhanced degranulation correlated with reduced F-actin con-
tents in BMMCs treated with inhibitor of actin assembly, latrunculin
or by APS-deficiency. (A) Treatment with latrunculin inhibited actin
assembly and resulted in reduced F-actin content in BMMGs. Sensi-
tized wild-type BMMCs were incubated with the various concentra-
tions of latrunculin, kept unstimulated (squares) or stimulated with
2.5 pg/ml DNP-BSA (circles). F-actin contents of cells were then an-
alyzed by rhodamine—phalloidin staining and flow cytometry, and the
results are shown as relative F-actin contents compared with that of
unstimulated cells in the absence of latrunculin {left). Degranulation
was determined by measuring P-hexosaminidase activity released into
culture supernatants. and results were shown as percent maximal re-
sponses induced by PMA and ionomycin treatment (right). (B) F-actin
content of APS~/~ BMMCs in the absence or the presence of various
concentrations of latrunculin was measured and relative F-actin con-
tents compared with those of control cells treated with the same con-
centrations of latrunculin were shown (left). Degranulation from
APS~'= BMMC s treated with latrunculin was measured, and shown as
percent reaction compared with those from wild-type control cells in
the same conditions (right). Results shown are means £+ SE of values
obtained from three independent experiments.

of IgE-induced actin assembly by cytochalasin D initi-
ates calcium influx and degranulation. Although en-
hancement of calcium influx in APS~/~ BMMCs was not
observed, reduction of actin assembly in APS~/-
BMMCs may lead to augmented degranulation m
analogy with those observed in RBL-2H3 mast cells,
The molecular mechanisms for APS-mediated actin as-
sembly as well as APS function downstream of cross-
linking FceRI remain to be elucidated.

APS function in insulin-R signaling has been also
indicated in wvarious experiments using cell lines
{15,16,25-27]. APS~/~ mice exhibited increased sensitiv-
ity to insulin and enhanced glucose tolerance [28]. It is
intriguing to examine whether effect of 4PS-deficiency

on insulin sensitivity is also mediated by actin dynamics.
Regulation of actin cytoskeleton seems one of the
common functions of Lnk-family adaptor proteins. Lnk
associates with an actin binding protein ABP-280 [19]
and facilitates actin assembly in overexpressed fibro-
blasts by activating Vav and Rac (SM.K. and 8.T,,
unpublished data). SH2-B is required for actin reorga-
nization and regulates cell motility induced by GH-R
activation [20,21}.

SH2-B has been identified as a possible adaptor
binding to ITAMs of FceRI vy chain [6]. However, all
examined responses induced by FceRI ligation were
normal with SH2-B~/~ BMMCs. 1t seems SH2-B-defi-
ciency do not affect mast cell function. However, it
should be notified that interaction of SH2 domains of
Lnk-family proteins with ¢-Kit or ITAM of FceRI ¥
chain had been demonstrated in overexpression systems
with different combinations, for example, SH2-B with
FceR1I y chain, APS with ¢-Kit. SH2-B~/~ mice showed
mild growth retardation and infertility due to impaired
maturation of gonad organs [12]. Thus, SH2-B seemed
to have a true target except FegRI, worked as a positive
regulator of signal transduction in contrast to Lnk and
APS that function as negative regulators as shown in
previous studies and in this study. Despite the significant
structural similarities between APS, Lnk, and SH2-B,
their functions appear to be quite different from each
other. However, possible common functions of those
adaptor proteins in vivo should be examined by gener-
ating mutant mice lacking APS, Lnk or SH2-B in vari-
ous combinations.

In conclusion, our studies describe roles of Lnk
family adaptor proteins on BMMCs. Both Lnk and
SH2-B were dispensable for various mast cell responses
mediated through c-Kit, FceRI as well as IL-3-R. APS
plays a role in controlling FceRI-induced degranulation
response but not in c-Kit-mediated proliferation or ad-
hesion. APS may regulate degranulation by controlling
actin dynamics in mast cells.
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“Homing to Niche,”
a New Criterion
for Hematopoietic Stem Cells?

By combining cell surface staining with fluorochrome-
conjugated monoclonal antibodies and Hoachst 33342
dye supravital staining, Matsuzaki et al. have suc-
ceeded in enriching hematopoletic stem cells {HSCs)
essentially to homogeneity. When single-call trans-
plantation analysis was performed using the isolated
cells, over 95% of the recipient mice showed long-
term multilineage engraftment, The work demon-
strates unexpectedly high marrow seeding efficiency
of HSCs and proposes high marrow homing capacity
as a new criterion for HSCs.

Stem cells are generally defined as cells capable of both
self-renewal and multilineage differentiation. During de-
velopment and regeneration of a given tissue, such cells
give rise to non-self-renewing progenitors with re-
stricted differentiation potential, and finally to function-

ally mature cells, while maintaining primitive stem cells.

Because of these unique properties, stem cells offer the
novel and exciting possibility of organ reconstitution in
place of transplanted or artificial organs in the treatment
of organ failure, Among different stem cells, hematopoi-
etic stem cells (HSCs) are the best studied.

Purification of HSCs has progressed significantly over
the last two decades, strongly assisted by well-estab-
lished assay techniques. Technological advances in
flow cytometry and electronic cell sorting have also
aided in stem cell purification. The frequency of HSCs
in sorted cells is determined using In vivo long-term
marrow reconstitution assays, counting competitive re-
population units (CRUs) by limiting-dilution analysis, Pu-
rity of HSCs in the sorted fraction Is estimated by divid-
ing GRU frequency by seeding efficiency, a probability
representing homing of tail-vein-infused HSCs to the
bone marrow. The seeding efficiency of HSCs, like that
of CFU-8 (Siminovitch et al.,, 1963), was estimated to be
between 10% and 20%, based on the 48 hr bone marrow
seading of cells capable of long-term reconstitution
(Lanzkron et al., 1998). Using seeding efficiency as a
“fudge factor,” previous reports tended to overestimate
the purity of HSCs in a given fraction. In 1996, however,
Osawa et al. showed that transplantation of single
CDaqemwieKit*Sca*Lin~ (CD34-KSL) cells into lethally
irradiated congenic mice resulted in engraftment of 20%
of the recipients, clearly indicating that the seeding
efficiency must be higher than 20%. Single-cel! trans-
plantation experiments subsequently demonstrated en-
graftment rates of 30%-40% {Ema et al., 2000; Wagers
et al,, 2002}, but the actual seeding efficiency of HSCs
remained unclear.

In this issue, Matsuzaki et al. have demonstrated ab-
solute engraftment of lethally iradiated syngenic recipi-
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ents transplanted with sorted single HSCs from GFP-
transgenic mice. While this study can be regarded as
cnly another lap around the HSC-purification racstrack,
itis a remarkable achievement, demonstrating over 95%
long-term multilineage reconstitution after transplanta-
tlon of a single purified HSC. The key to this success is
six-color FACS analysis and cell sorting, using a combi-
nation of cell surface stalning with monoclonal antibod-
ies and Hoechst 33342 dye efflux analysis. The cells
that have the strongest dye efflux capacity (Tip-SP cells),
with a CD34-KSL phenotype, are HSCs with nearly
100% long-term marrow reconstitution capacity after
single cell transplantation. One of three sets of experi-
ments revealed long-term multifineage reconstitution in
all 33 recipients after transplantation, The study proves
that the marrow seeding efficiency of HSCs is nearly
100%.

These results highlight some intriguing features of
HSCs. The efficiency of HSCs (among Tip-SP CD34-KSL
cells) in seeding their bone marrow niche was nearly
100%, consistent with recent observations made by Is-
cove et al. (Benveniste et al.,, 2003). Based on these
results, Matsuzaki et al, propose the capacity to home
to bone marrow as a third criterion in defining HSCs.
However, it may be too early to include homing capacity
among the criteria for HSCs since it Is not yet clear
whether Tip-SP CD34-KSL cells constitute all HSCs in
bone marrow. HSCs may exist that lack homing capacity
and whose stem cell activity can be tested only by intra-
bone marrow injection. Perhaps HSCs and early hema-
topoietic progenitor cells differ simply in their ability to
home to a bone marrow niche where HSCs can self-
renew. This unexpectedly high homing capacity of HSCs
Is a significant and intriguing aspect of stem cell biology.
Although ostecblastic cells reportedly have a role in the
HSC bone mamow niche (Calvi et al., 2003; Zhang et al,,
2003}, not much Is known about the site to which HSCs
homg, The molecular mechanisms regulating HSC hom-
ing deserve more intensive study, especially given the
importance of such homing in a varlety of medical appli-
cations.

The results here also may provide new Insights into
the debate about stem cell fate. Both stochastic and
deterministic models have been proposed for the alter-
native fates of self-renewal versus lineage commitment.
Till et al. suggested that stem cell fate is determined
stochastically with an average frequency of ~60% for
self-renewal (Till et al., 1964; Vogel et al., 1968). The
findings of Matsuzaki et al. do not support this model;
they favor the nonrandom, deterministic model. Be-
cause each transplanted single HSC reconstituted the
recipient’s bone marrow long-term, every individual HSG
must have taken the path of self-renewal at the first
cell division. Presumably, external signals promote this
self-renewal.

The data of Matsuzaki et al. also implicate the cells
with highest dye efflux capacity as the most primitive
HSCs. Although Tip-SP CD34-KSL cells may notinclude
all HSCs in the bone marrow, they represent a selected
population for pure HSCs. Thus, at a minimum these
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findings suggest a relationship among dye efflux capac-
ity, repopulating ecapacity, 'and stem call, homing.
Whether thesa stem cell functions are relatéd'to berp-1
(Zhou et al., 2001}, a transporter responsible for the SP
phenotype In HSCs and possibly other adult stem cells,
poses a challenging question for stem cell biology.

Matsuzaki et al. have not only shown us how to isolats
pure HSCs, which should aid studies of cell fate decision
and stem cell regulation. They have provided important
clues to understanding stem cell homing and the HSC
niche.

Hideo Ema and Hiromitsu Nakauchi
Laboratory of Stem Cell Therapy
Center for Experimental Medicine
Institute of Madical Science
University of Tokyo

4-6-1 Shirokanedai, Minato-ku
Tokyo 108-28639

Japan

Selected Reading

Benvaniste, P., Cantin, C., Hyam, D., and Iscove, N.N. {2003). Nat,
Immunol, 4, 708-713,

Calvi, L.M., Adams, G.B,, Welbraecht, K.W., Weber, J.M., Olson, D.P.,
Knight, M.C., Martin, R.P., Schipani, E., Divieti, P., Bringhurst, F.R.,
ot al. (2003). Nature 425, 841-846.

Ema, H., Takano, H., Suda, K., and Nakauchl, H. {2000). J. Exp. Med,
192, 1281-1288.

Lanzkron, S.M., Collector, M.I., and Sharkis, $.J. (1999). Blocd 93,
1916-1921. '

Matsuzaki, Y., Kinjo, K., Mulligan, R.C., and Okane, H. Immunity
20, 87-93.

Osawa, M., Hanada, K., Hamada, H., and Nakauchi, H. (1996),
Sclence 273, 242-245,

Siminovitch, L., MeGulloch, E.A., and Till, J.E. (1963). J. Call. Physiol,
62, 327-336.

Till, J.E., McCulloch, E.A., and Siminovitch, L. (1964). Proc. Nal.
Acad, Scl. USA 51, 29-36,

Vogel, H., Niewisch, H,, and Matioli, G. (1988). J, Cell, Physlol. 72,
221-228,

Wagers, A.J.,, Sherwood, R.l., Christensen, J L., and Weissman, L.
(2002), Science 297, 2256-2259.

Zhang, J., Niy, C.,, Ye, L., Huang, H., He, X., Tong, W.G., Ross, J.,
Haug, J., Johnson, T., Feng, J.Q., et al. {2003). Nature 425, 836-841.
Zhou, 8., Schuetz, J.D., Bunting, K.D., Colapteire, A.M., Sampath,
J., Morris, J.J., Laguting, I, Grosveld, G.C., Osawa, M., Nakauchi,
H., st al. (2001). Nat. Med. 7, 1025-1034.

105



