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Abstract

Dock?2 has been shown to be indispensable for chemotaxis of mature lymphocytes as a critical Rac activator. However, the functional
expression of Dock2 in immature hematopoietic cells is unclear. In this study, we demonstrate that Dock2 is broadly expressed in bone
marrow (BM) hematopoietic compartment, including hematopoietic stem/progenitor cell (HSC/HPC) fraction. Response of Dock2—/—
HPCs to CXCL12 in chemotaxis and actin polymerization in vitro was impaired, although o4 integrin activation by CXCL12 was not
altered. Myelosuppressive stress on HSCs in vivo, such as consecutive 5-FU administration and serial bone marrow transplantation, did
not show hematopoietic defect in Dock2—/— mice. Long-term engraftment of transplanted Dock2—/— BM cells was severely impaired in
competitive reconstitution. However, this was not intrinsic to HSCs but originated from the defective competition of Dock2—/— lym-
phoid precursors. These results suggest that Dock?2 plays a significant role in BM lymphopoiesis, but is dispensable for HSC engraftment

and self-renewal.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Hematopoietic stem/progenitor cells; Dock2; CXCR4; CXCL12

Hematopoietic stem/progenitor cells (HSCs/HPCs) are
mainly found in the bone marrow (BM) and are largely
absent from the peripheral blood (PB) [1]. The dynamic
travel from the BM to the PB is a characteristic feature
of HSCs [2]. The critical retention axis for HSCs is believed
to be chemokine CXCL12, which is produced in the BM
microenvironment and its cognate receptor CXCR4, which
is expressed on the HSCs, because AMD3100, a specific
antagonist for CXCR4, induces HSC egress from the BM
[3]. Clinically, granulocyte-colony stimulating factor (G-
CSF) is most widely used to induce mobilization of HSCs
from the BM to the circulation [2]. Recent studies have
revealed that G-CSF induces marked reduction of
CXCL12 in BM and bone [4-7]. CXCLI12 plays a critical
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role in BM engraftment of HSCs following transplantation
[8,9]. Among known chemokine receptors, CXCR4 is
solely functional on HSCs [10]. Thus, identification of mol-
ecules, which work in the signaling cascade downstream of
CXCRA4, is necessary to understand the mechanism of HSC
migration.

Cytoskeleton rearrangements are controlled by the
members of the Rho guanosinetriphosphatases (GTPases)
family [11,12]. The Rho family of small monomeric GTP-
ases includes 22 genes coding for at least 25 proteins which
can be divided into 6 families [13]. Among these, the Rac
GTPase subfamily has been reported to play an important
role in the integration of signals from cell surface receptors,
such as CXCR4, c-kit, and B1 integrins leading to the con-
trol of cytoskeleton, and the proliferation and survival of
HSCs [13].

The CDM family proteins, Caenorhabditis elegans CED-
5, human Dock180 and Drosophila melanogaster Myoblast
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City, are implicated to mediate membrane extension by
facilitating upstream function of Rac [14-19]. Dock2, a
hematopoietic cell-specific CDM family protein, has been
shown to be an essential Rac activator in mature lympho-
cytes [20]. Dock2-deficient (Dock2—/—) mice exhibit
migration defects of T and B lymphocytes, but not of
monocytes, in response to chemokines, resulting in several
abnormalities, including T lymphocytopenia, atrophy of
lymphoid follicles, and loss of marginal-zone B cells.

In this study, we found that Dock?2 is broadly expressed
in BM hematopoietic compartment including stem/progen-
itor cell fraction, and assessed its role in BM lympho-
hematopoiesis.

Materials and methods

Mice. C57BL/6 mice were purchased from Charles River Japan
(Tsukuba, Japan) and used as wild-type (WT) controls. Dock2—/— mice
were generated by gene targeting [20] and backcrossed with C57BL/6
mice for more than eight generations before use. Dock2-GFP knock-in
mice were generated as previously described [21]. C57BL6-CD45.1 con-
genic mice were purchased from Charles River Laboratories (Frederick
Cancer Research Center, Frederick, MD). All animals used in this study
were matched for sex and age in each experiment for comparison purpose
(6- to 8-week-old). All experiments involving animals were performed
under the auspices of the Institutional Animal Care and Research Advi-
sory Committee at the Department of Animal Resources, Okayama
University Advanced Science Research Center.
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Competitive reconstitution. BM nucleated cells (1 x 10° cells) from WT
or Dock2—/— mice (CD45.2) were mixed with the same number of com-
petitor CD45.1-BM cells (1 x 10 cells) and then transplanted into lethally
irradiated (12 Gy, 2 split doses with 3 h-interval) CD45.1 recipients. Blood
was harvested monthly and the origin (CD45.1 or CD45.2) of total leu-
kocytes and each leukocyte subset were evaluated by flow cytometry. To
assess the origin of BM hematopoietic reconstitution, mice were sacrificed
at one, three, and six months after transplantation. Cell origin was simi-
larly evaluated in B-lineage cells (IgM+B220+ and IgM-B220+), common
lymphoid progenitors (CLPs: lineage-IL-7Ro+Sca-19""c-kit®"!"), and
HSCs (lineage-IL-7Ra-Sca-1+c-kit+) in the BM, and Pro-T cells (CD3-
CD4-CDS8-c-kit+CD25-) in the thymus.

Serial BM transplantation. Lethally irradiated (13 Gy, 2 split doses
with 3 h-interval) WT mice transplanted with WT or Dock2—/— BM cells
(4 million cells) were maintained for 1 month, and the BM cells (4 million)
from these mice were harvested for secondary transplantation into lethally
irradiated WT mice. Mice were observed in this manner of serial trans-
plantation until 4 months (1 month after 4th transplantation).

Antibodies and flow cytometry, transwell migration assay, actin poly-
merization, static adhesion assay, RT-PCR, 5-fluorouracil (5-FU) expo-
sure in vivo, and Statistical analysis. These methods can be found in online
supplemental materials.

Results

We first examined Dock2 expression in HSCs/HPCs.
RT-PCR revealed that Dock2 mRNA was detectable in
mouse hematopoietic progenitor cell line FDCP-mix and
lineage-Sca-1+c-kit+ (LSK) cells sorted from the BM of
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Fig. 1. Impaired CXCR4 function in Dock2—/— progenitors. (A) RT-PCR. 1: FDCP-mix, 2: lineage-Sca-1-+c-kit+ (LSK) cells. (B) Flow cytometric
analysis of bone marrow cells in Dock2-GFP knock-in mice. (C) Transwell migration toward CXCL12 of lineage- cells (n = 6), LSK cells (n = 6), and
CFU-Cs (n = 4). (D) F-actin polymerization in lineage-c-kit+ cells evaluated by Alexa488-phalloidin binding following CXCL12 stimulation (n = 3). (E)
Static adhesion of wild-type and Dock2—/— CFU-Cs to immobilized VCAM-1 (n =4). *p <0.05.
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wild-type C57BL/6 mice (Fig. 1A). We confirmed this at
protein level by using Dock2-GFP knock-in mice. As
shown in Fig. 1B, flow cytometric analysis revealed that
vast majority of BM cells, including both lineage-positive
and -negative mononuclear cell fractions, expressed Dock?2.
Common lymphoid progenitors (CLPs: lincage-IL-
TRa+Sca-19c-kit?") and HSCs (lineage-IL-7Ra-Sca-
1+c-kit+) also expressed Dock?2 at high level (Fig. 1B).

We determined the response of Dock2—/— stem/progen-
itor cells to CXCLI12 in vitro. Transwell migration of line-
age-negative cells (n = 6, p < 0.05), colony-forming units in
culture (CFU-Cs) (n =4, p <0.05) and LSK cells (n =6,
p <0.05) from Dock2—/— mice was significantly reduced
compared to WT control (Fig. 1C). It was likely due to
impaired actin polymerization following CXCR4 signaling
upon CXCLI12 stimulation (Fig. 1D). We then evaluated
o4 integrin expression and function. No difference in o4
integrin expression on the surface of LSK cells was
observed between WT and Dock2—/— mice (data not
shown). The adhesion of WT CFU-Cs to VCAM-1 was sig-
nificantly enhanced in the presence of CXCL12, and simi-
lar enhancement was observed in Dock2—/— CFU-Cs
(Fig. 1E). These data suggest that the major effects of
CXCR4 signaling, such as migration and cytoskeleton
reorganization, except o4 integrin activation, are highly
regulated by Dock2 in HSCs/HPCs.
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We next evaluated BM hematopoiesis in Dock2—/—
mice. The results were consistent with previous report,
wherein blood cell counts were comparable between WT
and Dock2—/— mice (data not shown) [20]. As shown in
supplemental Fig. SI1A, steady-state BM of Dock2—/—
mice contained normal number of nucleated cells.
Although the number of mature lymphocytes (CD3+ T
cells and B220+IgM+ B cells) was slightly reduced, the
number of immature cells, such as B220+IgM— B cell
precursors, CLPs, and HSCs was completely normal (sup-
plemental Fig. SIB-F). We also tested B lymphoid long-
term BM cultures (Whitlock and Witte type) [22] and
found that both WT and Dock2—/— BM could establish
cobblestone area and produced a comparative number of
cells (data not shown). These data suggest that steady-state
BM hematopoiesis is normal in the absence of Dock2.

To test the hematopoietic function of Dock2—/— mice
under stress, chemotherapy-induced myelosuppression
and serial BM transplantation were carried out. Treatment
of mice with the antimetabolite, 5-FU, is selectively cyto-
toxic for cycling hematopoietic cells, induces BM hypopla-
sia, and can cause lethality. However, quiescent HSCs are
thought to be resistant to the effect of 5-FU. When mice
were treated weekly with 5-FU at a dose of 150 mg/kg,
the survival frequency of Dock2—/— mice was significantly
lower than the WT control group (Fig. 2A). However,
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Fig. 2. 5-FU induced myelosuppression and serial bone marrow transplantation (BMT). (A,B) Wild-type or Dock2—/— mice were injected with 5-FU (A:
150 mg/kg, i.v., weekly, n = 7-8, B: 250 mg/kg, i.v., monthly, n = 5-7). *p < 0.05. (C) Blood cell counts at 7 months in experiment (B). (D) Wild-type or
Dock2—/— BM cells were transplanted into lethally irradiated wild-type mice. Bone marrow cells were harvested from these mice one month after
transplantation for secondary transplantation into lethally irradiated wild-type mice. Survival frequency was assessed until 4 months (1 month after 4th
transplantation) in this manner. n = 12, *p < 0.05. (E) Blood cell counts of live mice at each evaluation point in this serial BMT experiments. WBC, white

blood cell; Hb, hemoglobin; Plt, platelet.
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when mice were treated monthly with 5-FU at a dose of
250 mg/kg, both WT and Dock2—/— mice survived for
more than seven months (Fig. 2B). Blood cell counts were
comparable between WT and Dock2—/— mice at seven
months after the initial dose of 5-FU (7 doses) (Fig. 2C).
We also examined stem-cell repopulating ability under
stress of serial BM transplantation as a cell intrinsic model.
Lethally irradiated WT mice transplanted with WT or
Dock2—/— BM cells (4 million cells) were maintained for
1 month, and the BM cells (4 million) from each mouse
were harvested for secondary transplantation into lethally
irradiated WT mouse. Mice were observed in this manner
of serial transplantation until 4 months (1 month after
4th transplantation). As shown in Fig. 2D, the survival fre-
quency in mice transplanted with Dock2—/— BM was sig-
nificantly lower than the WT control mice (n=12,
p <0.05). However, the blood cell counts in survived mice
were similar or even higher in Dock2—/— group compared
to WT mice (Fig. 2E). These results suggest that the higher
mortality of Dock2—/— mice under myelosuppressive
stress was not intrinsic to hematopoietic defect, but proba-
bly due to infection or other reasons, and that hematopoi-
etic stem cell engraftment and self-renewal are likely to be
normal in the absence of Dock?2.

To figure out the Dock?2 function in BM lympho-hema-
topoiesis, we performed competitive repopulation assay.
BM nucleated cells from WT or Dock2—/— mice

(CD45.2) were mixed with competitor BM cells (CD45.1
congenic) and transplanted into lethally irradiated
CD45.1 recipients (Fig. 3A). Blood was harvested monthly
and the origin of leukocytes was assessed by flow cytome-
try. As shown in Fig. 3B, WT and Dock2—/— BM showed
similar engraftment one month after transplantation, how-
ever, the contribution of Dock2—/— leukocytes severely
decreased two to six months after transplantation. Detailed
analysis of leukocyte subsets revealed that this reduction
was not due to the stem cell defect but originated from
selective reduction in lymphocytes, whereas the reconstitu-
tion of myeloid lineage cells, including neutrophils
(Gr-1+F4/80—), and monocytes (Gr-1'""VF4/80+) was
similar to that of WT control (Fig. 3C). We also checked
competitive repopulation of HSCs, CLPs, and B cell pre-
cursors in the BM one, three, and six months after trans-
plantation in this competitive setting. As shown in
Fig. 4A, the contribution of CD45.2 HSCs against compet-
itor HSCs one month after transplantation was similar
between WT and Dock2—/— mice, suggesting that the
homing activity and early proliferation of Dock2—/—
HSCs were normal. Although there was a mild trend
toward reduced contribution of Dock2—/— HSCs (signifi-
cant at three months), this difference disappeared six
months after transplantation. CLPs showed similar trend
(Fig. 4A). There was no difference between WT and
Dock2—/— B lineage cells, including B220+IgM— B cell
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Fig. 3. Competitive reconstitution (peripheral blood). (A) Lethally irradiated wild-type CD45.1+ mice were injected with bone marrow (BM) mixture
consisting of one million BM cells from wild-type or Dock2—/— (CD45.2+) mice and one million BM cells (competitor) from wild-type CD45.14 mice.
Recipient mice were bled monthly and the percentage of CD45.1/CD45.2 was assessed. (B,C) Chimerism of peripheral blood leukocytes: (B) in total

leukocytes (C) in each cell fraction. n = 10, *p < 0.05.
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Fig. 4. Competitive reconstitution (bone marrow and thymus). (A) Chimerism of B lineage cells, common lymphoid progenitors (CLP), and
hematopoietic stem cells (HSCs) in the bone marrow. (B) Number of pro-T (CD3-CD4-CDS8-c-kit+CD25-) cells in the thymus of steady-state wild-type
and Dock2—/— mice. (C) Chimerism of pro-T cells in the thymus in competitive reconstitution. M; months. n = 6-7 (1M), 8 (3M), 10 (6M) in (A) and (C),

n=>5in (B), *p <0.05, **p < 0.01, ***p < 0.001.

precursors and B220+IgM-+ mature B cells, one month
after transplantation; however, Dock2—/— cells displayed
a significantly inferior repopulation activity in this lineage
three and six months after transplantation (Fig. 4A). The
numbers of Pro-T (CD3-CD4-CD8-c-kit+CD25-) cells in
steady-state thymus were comparable between WT and
Dock2—/— mice (Fig. 4B); however, Dock2—/— pro-T cells
showed significantly lower repopulation in the competitive
setting (Fig. 4C). These results suggest that, although it is
not evident in steady-state mice, Dock2—/— cells have
defective repopulation activity at pro-T/B cell level.

Discussion

In our study, we demonstrate that Dock2 is broadly
expressed in BM hematopoietic compartment including
hematopoietic stem/progenitor cells, and the response of
Dock2—/— progenitors to CXCL12 in chemotaxis and
actin polymerization was impaired but not in CXCL12-
induced o4 integrin activation. We also reveal that Dock2
regulates bone marrow lymphopoiesis, but the engraft-
ment, survival and self-renewal of hematopoietic stem cells
are likely to be normal in the absence of Dock2.

It has recently been reported that conditional deletion of
CXCR4 in adult mice results in drastic reduction of BM
precursor/mature B cells and CD34-LSK long-term repop-
ulating stem cells but not CD34+LSK fraction, and the
reconstitution by CXCR4-deleted BM was almost abol-
ished including myeloid lineage cells in competitive setting

[23]. The numbers of myeloid lineage cells in peripheral
blood and lineage-IL-7Ra-Sca-1+c-kit+ cells in BM were
comparable between wild-type and Dock2—/— mice at 6
months in our competitive reconstitution assay (Figs. 3
and 4), suggesting that the number and function of most
primitive stem cells is normal in the absence of Dock2.
The significant difference in HCSs/CLPs at 3 months in this
competitive setting (Fig. 4A) suggests that Dock2 might
selectively contribute to repopulation of short-term, but
not long-term, repopulating stem cells [24]. In steady-state
Dock2—/— mice, the numbers of lymphoid precursors
(IgM-B220+ pre/pro-B cells in BM and CD3-CD4-CD8-
c-kit+CD25- pro-T cells in thymus) were normal or even
higher compared to wild-type mice (supplemental Fig. S1,
Fig. 4, and [20]). However, competitive reconstitution of
the immune system revealed that Dock2—/— lymphoid pre-
cursors have a significant defect (Fig. 4). Interestingly,
Dock2—/— pre/pro-B cells in the BM were normal at one
month after transplantation in competitive reconstitution
assay (Fig. 4A), whereas Dock2—/— pro-T cells in the thy-
mus were already decreased in the same mice (Fig. 4C). The
proliferation potential in T cell precursors may be more
affected by Dock2 deletion than in B cell precursors in
the BM. Another possibility is that Dock2 in pro-T cells
may play a significant role in egress from the BM and entry
to thymus via blood circulation.

In serial transplantation, WBC and platelet counts
in survived animals were higher in Dock2—/— mice after
the first and the fourth transplantation, respectively



T. Kikuchi et al. | Biochemical and Biophysical Research Communications 367 (2008) 90-96 95

(Fig. 2E). Because Dock2—/— CD4+ T cells produce a
large amount of IL-4 [25], it is possible that the altered
cytokine network after transplantation might affect the
hematopoietic recovery or release of mature cells from
the BM to the circulation.

The o4 integrin is an essential adhesion molecule for
recruitment of circulating lymphocytes into the lymphoid
organs and peripheral sites of inflammation [26,27]. It is
also known as a critical mediator for homing/engraftment
of HSCs/HPCs following transplantation [28]. Chemokine
CXCLI12 stimulates o4 integrin adhesive activity in both
mature T lymphocytes and immature HSCs/HPCs [8,29].
In contrast to a totally defective chemotaxis toward
CXCL12 and actin polymerization [20], it has been
reported that T cells from Dock2—/— mice display no alter-
ations compared to wild-type mice in CXCLI12-promoted
adhesion mediated by a4 integrin [30]. This previous find-
ing and our result suggest that a4 integrin activation in
Dock2—/— hematopoietic cells may be compensated by
other Rac-associated molecules, such as vavl [31], Rapl
[32,33], and other CDM family protein. Despite the
impaired chemotaxis in vitro (Fig. 1C), homing and
engraftment of Dock2—/— HSCs/HPCs are not compro-
mised in vivo (Figs. 3 and 4). It is possible that the major
function of CXCR4 signaling in homing of HSCs/HPCs
into BM is the activation of o4 integrin rather than chemo-
tactic recruitment. Consistent with this, it has been
reported that the important chemotactic receptor for stem
cell engraftment at the endosteal niche is specified by the
calcium-sensing receptor [34].

Our study revealed that Dock2 regulates CXCR4 signal-
ing in immature hematopoietic cells. Further investigation
on modulators of small GTPases may highlight a novel
strategy to control the fate of stem cell.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.bbrc.
2007.12.093.

References

[1] S.J. Morrison, N. Uchida, I.L. Weissman, The biology of hemato-
poietic stem cells, Annu. Rev. Cell Dev. Biol. 11 (1995) 35-71.

[2] I.G. Winkler, J.P. Levesque, Mechanisms of hematopoietic stem cell
mobilization: when innate immunity assails the cells that make blood
and bone, Exp. Hematol. 34 (2006) 996-1009.

[3] H.E. Broxmeyer, C.M. Orschell, D.W. Clapp, G. Hangoc, S. Cooper,
P.A. Plett, W.C. Liles, X. Li, B. Graham-Evans, T.B. Campbell, G.
Calandra, G. Bridger, D.C. Dale, E.F. Srour, Rapid mobilization of
murine and human hematopoietic stem and progenitor cells with
AMD3100, a CXCR4 antagonist, J. Exp. Med. 201 (2005) 1307-1318.

[4] Y. Katayama, M. Battista, W.M. Kao, A. Hidalgo, A.J. Peired, S.A.
Thomas, P.S. Frenette, Signals from the sympathetic nervous system
regulate hematopoietic stem cell egress from bone marrow, Cell 124
(2006) 407-421.

[5] J.P. Levesque, J. Hendy, Y. Takamatsu, P.J. Simmons, L.J. Bendall,
Disruption of the CXCR4/CXCL12 chemotactic interaction during

hematopoietic stem cell mobilization induced by GCSF or cyclo-
phosphamide, J. Clin. Invest. 111 (2003) 187-196.

[6] I. Petit, M. Szyper-Kravitz, A. Nagler, M. Lahav, A. Peled, L.
Habler, T. Ponomaryov, R.S. Taichman, F. Arenzana-Seisdedos, N.
Fujii, J. Sandbank, D. Zipori, T. Lapidot, G-CSF induces stem cell
mobilization by decreasing bone marrow SDF-1 and up-regulating
CXCR4, Nat. Immunol. 3 (2002) 687-694.

[7] C.L. Semerad, M.J. Christopher, F. Liu, B. Short, P.J. Simmons, 1.
Winkler, J.P. Levesque, J. Chappel, F.P. Ross, D.C. Link, G-CSF
potently inhibits osteoblast activity and CXCL12 mRNA expression
in the bone marrow, Blood 106 (2005) 3020-3027.

[8] A. Peled, O. Kollet, T. Ponomaryov, I. Petit, S. Franitza, V.
Grabovsky, M.M. Slav, A. Nagler, O. Lider, R. Alon, D. Zipori, T.
Lapidot, The chemokine SDF-1 activates the integrins LFA-1, VLA-
4, and VLA-5 on immature human CD34(+) cells: role in transen-
dothelial/stromal migration and engraftment of NOD/SCID mice,
Blood 95 (2000) 3289-3296.

[9] A. Peled, 1. Petit, O. Kollet, M. Magid, T. Ponomaryov, T. Byk, A.
Nagler, H. Ben-Hur, A. Many, L. Shultz, O. Lider, R. Alon, D.
Zipori, T. Lapidot, Dependence of human stem cell engraftment and
repopulation of NOD/SCID mice on CXCR4, Science 283 (1999)
845-848.

[10] D.E. Wright, E.P. Bowman, A.J. Wagers, E.C. Butcher, I.L.
Weissman, Hematopoietic stem cells are uniquely selective in their
migratory response to chemokines, J. Exp. Med. 195 (2002) 1145—
1154.

[11] A.J. Ridley, A. Hall, The small GTP-binding protein rho regulates the
assembly of focal adhesions and actin stress fibers in response to
growth factors, Cell 70 (1992) 389-399.

[12] A.J. Ridley, H.F. Paterson, C.L. Johnston, D. Diekmann, A. Hall,
The small GTP-binding protein rac regulates growth factor-induced
membrane ruffling, Cell 70 (1992) 401-410.

[13] J.A. Cancelas, M. Jansen, D.A. Williams, The role of chemokine
activation of Rac GTPases in hematopoietic stem cell marrow
homing, retention, and peripheral mobilization, Exp. Hematol. 34
(2006) 976-985.

[14] M.R. Erickson, B.J. Galletta, S.M. Abmayr, Drosophila myoblast
city encodes a conserved protein that is essential for myoblast fusion,
dorsal closure, and cytoskeletal organization, J. Cell. Biol. 138 (1997)
589-603.

[15] H. Hasegawa, E. Kiyokawa, S. Tanaka, K. Nagashima, N. Gotoh,
M. Shibuya, T. Kurata, M. Matsuda, DOCK 180, a major CRK-
binding protein, alters cell morphology upon translocation to the cell
membrane, Mol. Cell. Biol. 16 (1996) 1770-1776.

[16] E. Kiyokawa, Y. Hashimoto, S. Kobayashi, H. Sugimura, T. Kurata,
M. Matsuda, Activation of Racl by a Crk SH3-binding protein,
DOCK180, Genes Dev. 12 (1998) 3331-3336.

[17] K.M. Nolan, K. Barrett, Y. Lu, K.Q. Hu, S. Vincent, J. Settleman,
Myoblast city, the Drosophila homolog of DOCKI180/CED-5, is
required in a Rac signaling pathway utilized for multiple develop-
mental processes, Genes Dev. 12 (1998) 3337-3342.

[18] P.W. Reddien, H.R. Horvitz, CED-2/CrkII and CED-10/Rac control
phagocytosis and cell migration in Caenorhabditis elegans, Nat. Cell.
Biol. 2 (2000) 131-136.

[19] Y.C. Wu, H.R. Horvitz, C. elegans phagocytosis and cell-migration
protein CED-5 is similar to human DOCK180, Nature 392 (1998)
501-504.

[20] Y. Fukui, O. Hashimoto, T. Sanui, T. Oono, H. Koga, M. Abe, A.
Inayoshi, M. Noda, M. Oike, T. Shirai, T. Sasazuki, Haematopoietic
cell-specific CDM family protein DOCK2 is essential for lymphocyte
migration, Nature 412 (2001) 826-831.

[21] Y. Kunisaki, A. Nishikimi, Y. Tanaka, R. Takii, M. Noda, A.
Inayoshi, K. Watanabe, F. Sanematsu, T. Sasazuki, T. Sasaki, Y.
Fukui, DOCK2 is a Rac activator that regulates motility and polarity
during neutrophil chemotaxis, J. Cell. Biol. 174 (2006) 647-652.

[22] Y. Katayama, P.S. Frenette, Galactocerebrosides are required post-
natally for stromal-dependent bone marrow lymphopoiesis, Immu-
nity 18 (2003) 789-800.


http://dx.doi.org/10.1016/j.bbrc.2007.12.093
http://dx.doi.org/10.1016/j.bbrc.2007.12.093

96 T. Kikuchi et al. | Biochemical and Biophysical Research Communications 367 (2008) 90-96

[23] T. Sugiyama, H. Kohara, M. Noda, T. Nagasawa, Maintenance of
the hematopoietic stem cell pool by CXCLI12-CXCR4 chemokine
signaling in bone marrow stromal cell niches, Immunity 25 (2006)
977-988.

[24] J.L. Christensen, I.L. Weissman, Flk-2 is a marker in hematopoietic
stem cell differentiation: a simple method to isolate long-term stem
cells, Proc. Natl. Acad. Sci. USA 98 (2001) 14541-14546.

[25]1 Y. Tanaka, S. Hamano, K. Gotoh, Y. Murata, Y. Kunisaki, A.
Nishikimi, R. Takii, M. Kawaguchi, A. Inayoshi, S. Masuko, K.
Himeno, T. Sasazuki, Y. Fukui, T helper type 2 differentiation and
intracellular trafficking of the interleukin 4 receptor-alpha subunit
controlled by the Rac activator Dock2, Nat. Immunol. 8 (2007) 1067—
1075.

[26] T.A. Springer, Traffic signals for lymphocyte recirculation and
leukocyte emigration: the multistep paradigm, Cell 76 (1994) 301-314.

[27] U.H. von Andrian, C.R. Mackay, T-cell function and migration. Two
sides of the same coin, N. Engl. J. Med. 343 (2000) 1020-1034.

[28] T. Papayannopoulou, C. Craddock, B. Nakamoto, G.V. Priestley,
N.S. Wolf, The VLA4/VCAM-1 adhesion pathway defines contrast-
ing mechanisms of lodgement of transplanted murine hemopoietic
progenitors between bone marrow and spleen, Proc. Natl. Acad. Sci.
USA 92 (1995) 9647-9651.

[29] V. Grabovsky, S. Feigelson, C. Chen, D.A. Bleijs, A. Peled, G.
Cinamon, F. Baleux, F. Arenzana-Seisdedos, T. Lapidot, Y. van
Kooyk, R.R. Lobb, R. Alon, Subsecond induction of alpha4 integrin

clustering by immobilized chemokines stimulates leukocyte tethering
and rolling on endothelial vascular cell adhesion molecule 1 under
flow conditions, J. Exp. Med. 192 (2000) 495-506.

[30] D. Garcia-Bernal, E. Sotillo-Mallo, C. Nombela-Arrieta, R. Sama-
niego, Y. Fukui, J.V. Stein, J. Teixido, DOCK2 is required for
chemokine-promoted human T lymphocyte adhesion under shear
stress mediated by the integrin alphadbetal, J. Immunol. 177 (2006)
5215-5225.

[31] D. Garcia-Bernal, N. Wright, E. Sotillo-Mallo, C. Nombela-Arrieta,
J.V. Stein, X.R. Bustelo, J. Teixido, Vavl and Rac control chemo-
kine-promoted T lymphocyte adhesion mediated by the integrin
alphadbetal, Mol. Biol. Cell. 16 (2005) 3223-3235.

[32] K. Katagiri, N. Ohnishi, K. Kabashima, T. Iyoda, N. Takeda, Y.
Shinkai, K. Inaba, T. Kinashi, Crucial functions of the Rapl effector
molecule RAPL in lymphocyte and dendritic cell trafficking, Nat.
Immunol. 5 (2004) 1045-1051.

[33] M. Shimonaka, K. Katagiri, T. Nakayama, N. Fujita, T. Tsuruo, O.
Yoshie, T. Kinashi, Rapl translates chemokine signals to integrin
activation, cell polarization, and motility across vascular endothelium
under flow, J. Cell. Biol. 161 (2003) 417-427.

[34] G.B. Adams, K.T. Chabner, IL.R. Alley, D.P. Olson, Z.M.
Szczepiorkowski, M.C. Poznansky, C.H. Kos, M.R. Pollak, E.M.
Brown, D.T. Scadden, Stem cell engraftment at the endosteal niche
is specified by the calcium-sensing receptor, Nature 439 (2006) 599—
603.



	Dock2 participates in bone marrow lympho-hematopoiesis
	Materials and methods
	Results
	Discussion
	Supplementary data
	References


