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ORIGINAL ARTICLE

Granulocyte Colony-Stimulating

Factor Promotes the

Translocation of Protein
Kinase Cu in Neutrophilic

Differentiation Cells
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Hematopoietic cell differentiation is regulated by a complex
network of growth and differentiation factors (Tenen et al,,
1997; Ward etal., 2000). Granulocyte colony-stimulating factor
(G-CSF) and its receptors are pivotal to the differentiation of
myeloid precursors into mature granulocytes. In previous
studies (Kanayasu-Toyoda et al., 2002) on the neutrophilic
differentiation of HL-60 cells treated with either dimethyl
sulfoxide (DMSQ) or retinoic acid (RA), heterogeneous
transferrin receptor (Tri-R) populations—transferrin
receptor-positive (Trf-R*) cells and transferrin receptor-
negative (Trf-R7) cells—appeared 2 days after the addition of
DMSO or RA. The Trf-R™ cells were proliferative-type cells
that had higher enzyme activity of phosphatidylinositol 3-kinase
(PI3K) and protein 70 S6 kinase (p70 S6K), whereas the
Tri-R™ cells were differentiation-type cells of which Tyr705 in
STAT3 was much more phosphorylated by G-CSF. Inhibition of
either PI3K by wortmannin or p70 S6K by rapamycin was found
to eliminate the difference in differentiation and proliferation
abilities between Trf-R* and Trf-R™ cells in the presence of
G-CSF (Kanayasu-Toyoda et al., 2002). From these results, we
concluded that proteins PI3K and p70 56K play important roles
inthe growth of HL-60 cells and negatively regulate neutrophilic
differentiation. On the other hand, the maximum kinase activity
of PI3K was observed at 5 min after the addition of G-CSF
(Kanayasu-Toyoda et al,, 2002) and that of p70 56K was
observed between 30 and 60 min after, indicating a lag time
between PI3K and p70 Sé6K activation. It is conceivable that any
signal molecule(s) must transduce the G-CSF signal during the
time lag between PI3K and p70 S6K. Chung et al. (1994) also
showed a lag time between PI3K and p70 S6K activation on
HepG2 cells stimulated by platelet-derived growth factor
(PDGF), suggesting that some signaling molecules also may
transduce between PI3K and p70S6K.

Protein kinase C (PKC) isa family of Ser/Thr kinases involved in
the signal transduction pathways that are triggered by
numerous extracellular and intracellular stimuli. The PKC

f PKCL was observegir
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family has been shown to play an essential role in cellular
functions, including mitogenic signaling, cytoskeleton
rearrangement, glucose metabolism, differentiation, and the
regulation of cell survival and apoptosis. Eleven different
members of the PKC family have been identified so far. Based on
their structural similarities and cofactor requirements, they
have been grouped into three subfamilies: (1) the classical or
conventional PKCs (cPKCu, 3, B;. and ), activated by Ca*
diacylglycerol, and phosphatidyl-serine; (2) the novel PKCs
(nPKCS8, €, 7, and 8), which are independent of Ca®* but still
responsive to diacylglycerol; and (3) the atypical PKCs (aPKC{
and \), where PKCA is the homologue of human PKC..
Atypical PKCs differ significantly from all other PKC family

S IR R
mm DM, su'ifoxid e; MLP-R, formyl-Mec-Lou-Phe
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members in their regulatory domains, in that they lack both the
calcium-binding domain and one of the two zinc finger motifs
required for diacylglycerol binding (Liu and Heckman, 1998).
Romanelli et al. (1999) reported that p70 SéK is regulated by
PKC{ and participates in a PI3K-regulated signaling complex.
On the other hand, Selbie et al. (1993) reported that the tissue
distribution of PKC( is different from that of PKCw\, and that
PKCuN appears to be widely expressed. If the p70 S6K could be
activated by aPKC, the regulation of p70 S6K activation would
seem to depend on the tissue-specific expression of PKCy
and/or PKCL. In neutrophilic lineage cells, the question is which
aPKC participates in the regulation of p70 S6K on G-CSF
signaling.

In this study, we show that G-CSF activated PKCy, promoting its
translocation from the nucleus to the cell surface membrane
and subsequently to the cytosol in DMSO-treated HL-60 cells.
We also show the translocation of PKCy using
myeloperoxidase-positive neutrophilic lineage differentiated
from cord blood, which is a rich source of immature myeloid
cells (Fritsch etal., 1993; Rappold etal., 1997; Huang etal., 1999;
Debili et al., 2001; Hao et al., 2001). We concluded that PKC.
translocation and activation by G-CSF are needed for
neutrophilic proliferation.

Materials and Methods
Reagents

Anti-p70 S6K polyclonal antibody was obtained from Santa Cruz
Biotechnology (Santa Cruz, CA). Anti-PKC. polyclonal antibody and
manoclonal antibody were purchased from Santa Cruz Biotechnology
and from Transduction Laborartories (Lexington, KY), respectively.
Anti-PKCL polyclonal antibody was purchased from Cell Signaling
Technology (Beverly, MA). Anti-myeloperoxidase antibody was
purchased from Serotec Ltd. (Oxford, UK). GF 109203X, and G& 6983
were obtained from Calbiochem-Novabiochem (San Diego, CA).
Wortmannin was obtained from Sigma Chemical (St. Louis, MO).
Anti-Histon-H| antibody, anti-Fcy receptor lla (CD32) antibody, and
anti-lactate dehydrogenase antibody were from Upstate Cell Signaling
Solutions (Lake Placid, NY), Lab Vision Corp. (Fremont, CA), and
Chemicon International, Inc. (Temecula, CA), respectively.

Cell culture

HL-60, Jurkut K562, U937, and THP- | cells were kindly supplied by the
Japanese Collection of Research Bioresources Cell Bank (Osaka,
Japan). Cells were maintained in RPMI 1640 medium containing 10%
heat-inactivated FBS and 30 mg/L kanamycin sulfate at 37°C in
moisturized air containing 5% CO;. The HL-60 cells, which were at a
density of 2.5 x 10° cells/m|, were differentiated by 1.25% DMSO. Two
days after the addition of DMSO, the G-CSF-induced signal
transduction was analyzed using either magnetically sorted cells or
non-sorted cells.

Magnetic cell sorting

To prepare Trf-R™ and Trf-R™ cells, magnetic cell sorting was
performed as previously reported (Kanayasu-Toyoda et al., 2002),
using an automatic cell sorter (AUTO MACS; Miltenyi Biotec, Bergisch
Gladbach, Germany). After cell sorting, both cell types were used for
Western blotting and PKCi enzyme activity analyses.

Preparation of cell lysates and immunoblotting

For analysis of PKC. and PKC{ expression, a PYDF membrane blotted
with 50 g of various tissues per lane was purchased from BioChain
Institute (Hayward, CA). Both a polymorphonuclear leukocytes
(PMN's) fraction and a fraction containing lymphocytes and monocytes
were isolated by centrifugation (400g, 25 min) using a Mono-poly
resolving medium (Dai-Nippon Pharmaceutical, Osaka, Japan) from
human whole blood, which was obtained from a healthy volunteer with
informed consent. T-lymphocytes were further isclated from the
mixture fraction using the Pan T Cell Isolation Kit (Miltenyi Biotec)
according to the manufacturer’s protocol. T-lymphocytes, F;MNs.
HL-60 cells, Jurkut cells, K562 celis, and U937 cells (I x 10°) were
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collected and lysed in lysis buffer containing 1% Triton X-100,

10 mM K;HPOL/KH,PO, (pH 7.5), | mM EDTA, 5 mM EGTA,

10 mM MgCl,, and 50 mM B-giycerophosphate, along with 1/100 (v/v]
protease inhibitor cocktail (Sigma Chemical) and 1/100 {v/v)
phasEhatase inhibitor cockuail (Sigma Chemical). The cellular lysate
of 10” cells per lane was subjected to Western blotting analysis. Humar
cord blood was kindly supplied from the Metro Tokye Red Cross Corc
Blood Bank (Tokyo, Japan) with informed consent. Mononuclear cells
isolated with the Lymphoprep™ Tube (Axis-Shield PoC AS, Oslo,
Norway), were cultured in RPMI [ 640 medium containing |10% FBS in
the presence of G-CSF for 3 days. Cultured cells were collected, and
the cell lysate was subjected to Western blotting analysis.

A fraction of the plasma membrane, cytosol, and nucleus of the
DMSO-treated HL-60 cells was prepared by differential centrifugation
after the addition of G-CSF, as described previously (Yamaguchi et al.,
1999). After the cells that had been suspended in 250 mM sucrose/
10 mM Tris-HCI (pH 7.4) containing 1/100 (v/v) protease inhibitor
cockeail (Sigma Chemical) were gently disrupted by freezing and
thawing, they were centrifuged at 800g, 4°C for 10 min. The
precipitation was suspendedin |0 mM Tris-HCI (pH 6.7) supplemented
with % SDS. It was then digested by benzon nuclease at 4°C for | hand
used as a sample of the nuclear fraction. After the post-nucleus
supernatant was re-centrifuged at 100,000 rpm (452,000g) at a
temperature of 4°C for 40 min, the precipitate was used as a crude
membrane fraction and the supernatant as a cytosol fraction. Western
blotting analysis was then performed as described previously
(Kanayasu-Toyoda etal., 2002). The bands that appeared on x-ray films
were scanned, and the density of each band was quantitated by Scion
Image (Scion, Frederick, MD) using the data from three separate
experiments.

Kinase assay

The activity of PKCu was determined by phosphorous incorporation
into the fluorescence-labeled pseudosubstrate (Pierce Biotechnology,
Rockford, IL). The cell lysates were prepared as described above and
immunoprecipitated with the anti-PKC antibody. Kinase activity was
measured according to the manufacturer's protocol. In the analysis of
inhibitors effects, cells were pretreated with a PI3K inhibitor,
wortmannin (100 nM), or PKC inhibitors, GF109207X (10 uM) and
G66983 (10 uM) for 30 min, and then stimulated by G-CSF for 15 min.

Observation of confocal laser-scanning microscopy

Upon the addition of G-CSF, PKCL localization in the DMSO-treated
HL-60 cells for 2 days was examined by confocal laser-activated
microscopy (LSM 510, Carl Zeiss, Oberkochen, Germany). The cells
were treated with 50 ng/ml G-CSF for the indicated periods and then
fixed with an equal volume of 4.0% paraformaldehyde in PBS(—). After
treatment with ethanol, the fixed cells were labeled with anti-PK.CL
antibody and with secondary antibody conjugated with horseradish
peroxidase. They were then visualized with TSA™ Fluorescence
Systems (PerkinElmer, Boston, MA).

Mononuclear cells prepared from cord blood cells were cultured in
RPMI 1640 medium containing 10% FBS in the presence of G-CSF for
7 days. Then, for serum and G-CSF starvation, cells were cultured in
RPMI 1640 medium containing 1% BSA for | | h. After stimulation by
50 ng/ml G-CSF, the cells were fixed, stained with both anti-PKC.
polyclonal antibody and anti-myeloperoxidase monoclonal antibody,
and finally visualized with rhodamine-conjugated anti-rabbit IgG and
FITC-conjugated anti-mouse IgG, respectively.

RNA interference

Two pairs of siRNAs were chemically synthesized: annealed
(Dharmacon RNA Technologies, Lafayette, CO) and transfected into
HL-60 cells using Nucleofector " (Amaxa, Cologne, Germany). The
sequences of sense siRNAs were as follows: PKCe,
GAAGAAGCCUUUAGACUUUTA; p70 S6K,
GCAAGGAGUCUAUCCAUGAUU. As a control, the sequence
ACUCUAUCGCCAGCGUGACUU was used. Forty-eight hours
after treatment with siRNA, the cells were lysed for Western blot
analysis. For proliferation and differentiation assay, cells were
transfected with siRNA on the first day, treated with DMSO on the
second day, and supplemented with G-C5F on the third day. After
cells were subsequently cultured for 5 days, cell numbers and
formyl-Met-Leu-Phe receptor (fMLP-R) expression were determined.
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fMLP-R expression

The differentiated cells were collected and incubated with
FITC-conjugated fMLP; then, labeled cells were subjected to flow
cytometric analysis (FACSCalibur, Becton Dickinson, Franklin
Lzkes, NJ).

Statistical analysis

Statistical analysis was performed using unpaired Student's t-test.
Values of P < 0.05 were considered to indicate statistical significance.
Each experiment was repeated at least three times and representative
data were indicated.

Results
The distribution of atypical PKC in various tissues
and cells

Previously, we reported that the PI3K-p70 S6K-cMyc pathway
plays an important role in the G-CSF-induced proliferation of
DMSO-treated HL-60 cells, not only by enhancing the activity of
both PI3K and p70 SéK but also by inducing the c-Myc protein
(Kanayasu-Toyoda et al., 2002, 2003). We also reported that
G-CSF did not stimulate Erkl, Erk2, or 4E-binding protein |.
The maximum kinase activity of PI3K was observed 5 min after
the addition of G-CSF, and that of p70 56K was observed
between 30 and 60 min after. It is conceivable that any signal
molecule(s) must transduce the G-CSF signal during the time lag
between PI3K and p70 S6K. Romanelli et al. (1999) suggested
that the activation of p70 SéK is regulated by PKC§ and
participates in the PI3K-regulated signaling complex. To
examine the role of atypical PKC in the G-CSF-dependent
activation and the relationship between atypical PKC and p70
S6K, the protein expression of PKC{ and PKCu in various
human tissues and cells was analyzed by Western blotting. As
shown in Figure | A, both of the atypical PKCs were markedly
expressed in lung and kidney but were weakly expressed in
spleen, stomach, and placenta. In brain, cervix, and uterus, the
expression of anly PKCu was observed. Selbie etal. (1993) have
reported observing the expression of PKC{ not in protein
levels but in RNA levels, in the kidney, brain, lung, and testis, and
that of PKCu in the kidney, brain, and lung. In this study, the
protein expression of PKCu in the kidney, brain, and lung was
consistent with the RNA expression of PKCu. Despite the
strong expression of PKCL RNA in brain (Selbie et al,, 1993),
PKCL protein was scarcely observed. Although PKCL proteins
were scarcely expressed in neutrophils and T-lymphocytes in
peripheral blood, they were abundantly expressed in immature
blood cell lines, that is, Jurkut, K562, U937, and HL-60 cells
(Fig. 1B), in contrast with the very low expression of PKCL
proteins. In mononuclear cells isolated from umbsilical cord
blood, which contains large numbers of immature myeloid cells
and has a high proliferation ability, the expression of PKCu
proteins was also observed. Since Nguyen and Dessauer (2005)
have reported observing abundant PKC{ proteins in THP-1
cells, as a positive control for PKCL, we also performed a
Western blot of THP-| cells (Fig. IB, right part). While PKCu
was markedly expressed in both THP-1 and HL-60 cells, PKC{
was observed only in THP-1 cells.

These data suggested that PKC{ and PKCu were distributed
differently in various tissues and cells, and that mainly PKCu
proteins were expressed in proliferating blood cells.

Stimulation of PKCu activity by G-CSF

Among the | | different members of the PKC family, the aPKCs
(L and UA) have been reported to activate p70 S6K activity and
to be regulated by PI3K (Akimoto et al., 1998; Romanelli et al.,
1999). As shown in Figure |, although the PKC{ proteins were
not detected by Western blotting in HL-60 cells or

mononuclear cells isolated from cord blood cells, it is possible
that PKCu could functionally regulate p70 SéK as an upstream
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Fig. |. Different distributions of PKC{ and PKCv. The protein

expression of PKCL appears in the upper part and that of PKCL in the
middle part in various tissues and cells. A: |, brain; 2, lung; 3, kidney, 4,
spleen; 5, stomach; 6, jejunum; 7, ileum; 8, colon; 9, rectum; 10, cervix;
11, uterus; |12, placenta. Anti-GAPDH blot is a control for various
tissues. B: |, jurkut cells; 2, K562 cells; 3, U937 cells; 4, HL-60 cells; 5,
neutrophils; 6, T-lymphocytes; 7, mononuclear cells from cord bloodin
the absence of G-CSF; B, mononuclear cells from cord blood in the
presence of G-CSF. Anti-actin blot is a control. The right part shows
immunoblots of PKCL, PKC{, and actin of THP-1 cells as a positive
control for PKC{. The cell numbers of THP-1 and HL-60 cells were
adjusted in relation to other cells on the left parts.

regulator in these cells. Therefore, we focused on the role of
PKCu as the possible upstream regulator of p70 56K in
neutrophil lineage cells. First, we compared the expression of
PKCu in both Trf-R™ and Trf-R™ cells. PKCu proteins were
expressed more abundantly in Trf-R™ cells than in Trf-R™ cells
(Fig. 2A, middle part), as with the p70 S6K proteins. A time
course study of PKCu activity upon the addition of G-CSF
revealed the maximum stimulation at 15 min, lasting until 30
min. The G-CSF-dependent activation of PKCu was inhibited by
the PKC inhibitors wortmannin, GF 109203X. and G& 6983.
Considering the marked inhibitory effect of wortmannin on
PKCu and evidence that the maximum stimulation of PI3K was
observed at 5 min after the addition of G-CSF, PI3K was
determined to be the upstream regulator of PKCuin the G-CSF
signal transduction of HL-60 cells. The basal activity of PKCu in
Trf-R* cells was higher than thatin Trf-R ™ cells, and G-CSF was
more augmented. In Trf-R™ cells, PKCu activity was scarcely
stimulated by G-CSF. This tendency of PKCt to be activated by
G-OCIS]F was similar to that of PI3K (Kanayasu-Toyoda et al,,
2002).

191



192

KANAYASU-TOYODA ET AL.

A Td-R* Tri-R°
e == — p85PI3K
N -——  PKC.
Al . & P70SBK
. 800
700.1

6004\: l

Cont 5 15 30 60 WortGF Go
(G-CSF min)

PKC . Activity
(Percent of Control)
1

3501
300
250
2001
150~
100~ b
50_..

PKC .. Activity
(Percent of Control)

TR TrR-G TR TR-G

Fig. 2. Expression of PKCuin Tri-R* and Tri-R™ cells and effects of
G-CSF on PKCu activity. A: The expression of PKCLin Trf-R" and
TH-R " cells was subjected to Western blot analysis after magnetic cell
sorting. B: The G-CSF-dependent PKC. activation of the
DMSO-treated HL-60 cells was measured. The x-axis represents the
time lapse (min) after the G-CSF stimulation and the y-axis percent of
controlthat was not stimulated by G-CSF. Columnsandbars represent
the mean + SD, using data from three separate experiments. Wort:
wortmannin (100 nM), GF: GF109207X (10 .M), G&: Go6983 (10 M),
Cells were pretreated with each inhibitor and then stimulated by
G-CSF for 15 min. C: The PKCu activity in the Trf-R" and Trf-R™ cells
10 rmin after the addition of G-CSF. The y-axis represents the
percentage of control that was non-stimulated Tri-R~ cells. Columns
and bars represent the mean + SD, using data from three separate
experiments.

Effects of G-CSF on PKCu translocation

Muscella et al. (2003) demonstrated that the translocation of
PK C{ from the cytosol to the nucleus or membrane is required
for c-Fos synthesis induced by angiotensin Il in MCF-7 cells. It
was also reported that high glucose induced the translocation of
PKCu (Chuang et al.,, 2003). These results suggest that the
translocation of aPKC plays animportant rolein its signaling. To
clarify the translocation of PKCu, immuno-histochemical
staining (Fig. 3) and biochemical fractionation (Fig. 4) in
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DMSO-induced HL-60 cells were performed after the addition
of G-CSF. In a non-stimulated condition, PKCu in the HL-60
cells treated with DMSO for 2 days (Fig. 3, control) was
detected mainly in the nucleus. Analysis of Western blotting
(Fig. 4, left parts) and quantification of the bands (Fig. 4, right
columns) also revealed that PKCu was localized and observed
mainly in the nuclear fraction (Fig. 4A). During the 5-15 min
period after the addition of G-CSF, PKCu was found to
translocate (Figs. 3 and 4B) into the membrane fraction, after
which it re-translocated into the cytosol fraction (Fig. 4C). In
the presence of wortmannin, the G-CSF-induced translocation
of PKCu into the plasma membrane failed, but PKC was found
to localize in the cytosolic fraction (Figs. 3 and 4B).
Myeloperoxidase is thought to be expressed in stage from
promyelocytes to mature neutrophils (Manz et al,, 2002). In
human cord blood cells (Fig. 3), PKCuin the cells co-stained with
anti-myeloperoxidase antibody was also localized in the nucleus
after serum depletion (Fig. 3B top parts). Ten minutes after the
addition of G-CSF, PKCu was found to transiocate into the
membrane, and then into the cytosol at 30 min after the
addition of G-CSF. In the presence of wortmannin, the
G-CSF-induced translocation of PKCu into the plasma
membrane failed but PKCu was found to localize in the cytosol.
This suggested that the dynamic translocation of PKCt induced
by G-CSF is a universal phenomenon in neutrophilic lineage
cells. Taken together, these data support the possibility that
PI3K plays not only an important role upstream of PKCu butalso
triggers the translocation from nucleus to membrane upon the
addition of G-CSF.

In order to assess the purity of each cellular fraction, antibodies
against specific markers were blotted. As specific markers,
Histon-H 1, Fcy receptor lla (CD32), and lactate
dehydrogenase (LDH) were used for the nuclear, membrane,
and cytosolic fractions, respectively. The purities of the nuclear,
membrane, and cytosolic fractions were 82.0, 78.5, and 72.2%,
respectively (Fig. 4D).

Effects of siRNA for PKCi on proliferation
and differentiation

To determine the role of PKCuin neutrophilic proliferation and
differentiation, PKCu was knocked down by siRNA. When the
protein level of PKCu was specifically downregulated by siRNA
for PKCv (Fig. 5A), G-CSF failed to enhance proliferation of the
cells during 5 days’ cultivation (Fig. 5B). The effect of siRNA for
PKC. on neutrophilic differentiation in terms of fMLP-R
expression was also determined. As shown in Figure 5C, fMLP-
R expression was promoted by siRNA for PKCu in either the
presence (lower part) or absence (upper part) of G-CSF. These
data indicate that PKCu positively regulates G-CSF-induced
proliferation and negatively regulates the differentiation of
DMSO-treated HL-60 cells.

Discussion

We previously reported that PI3K/p70 56K plays an important
role in the regulation of the neutrophilic differentiation and
proliferation of HL-60 cells. Akimoto et al. (1998) and
Romanelli et al. (1999) reported that p70 S6K is regulated by
aPKC and aPKCA/PKCL, respectively. At first, we showed that
the distribution of PKCL and PKCu proteins in various human
tissues and cells was not similar (Fig. 1A), and that PKCu are
more abundantly expressed in proliferating blood cells: Jurkut,
K562, U937, and HL-60 cells (Fig. 1B). Mareover, PKCu
proteins were also observed in cultured mononuclear cells of
cord bleod, in which the myeloid progenitors were enriched in
the presence or absence of G-CSF (Fig. IB). The
myeloperoxidase-positive cells as neutrophilic lineage cells, 2
myeloid marker, were zlso stined with the antibody of PKCu
(Fig. 3B). Although PKC proteins are barely detected in
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Fig. 3.

incubated with anti-PKC. antibody, and visualized as described above.
photographs in the middle of the figure, and the merged images at the ri

PKC ¢

myeloperoxydase

Translocation of PKCu after the activation of G-CSF. A: 2 days after the addition of DMSO, HL-60 cells stimulated by G-CSF were fixed,
The photographs can be seen at the left part of the figure, the fluorescent
ght. B: G-CSF-stimulated mononuclear cells from cord blood were stained

with anti-PKCu antibody (red, left part) and anti-myeloperoxidase antibody (green, right part) after serum depletion. Under no stimulation, PKC.
was observed in the nucleus. G-CSF promoted the translocation of PKC. to the membrane within 5-15 min, and then to the cytosol. Wort:

wortmannin. White bar: 10 .m.

neutrophilic HL-60 cells, PKCu proteins were markedly
expressed in these cells (Fig. |B). This study showed, for the
first time, the stimulation of PKCv activity in G-CSF-treated
HL-60 cells (Fig. 2B) at 15-30 min after the addition of G-CSF.
Maximum activation from the addition of NGFin PC 12 cells was
also observed at |5 min (Wooten et al., 2001).

Atypical PKCs are lipid-regulated kinases that need to be
localized to the membrane in order to be activated. PKC{ is
directly activated by phosphatidylinositol 3.4,5-trisphosphate, a
product of PI3K (Nakanishi et al., 1993). We previously
reported that the maximum activation of PI3K was observed in
HL-60 cells 5 min after the addition of G-CSF (Kanayasu-
Toyoda et al., 2002). Most investigators have reported the
translocation of aPKC in either muscle cells or adipocytes
stimulated by insulin (Andjelkovic et al., 1997, Goransson et al.,
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1998; Galetic et al., 1999; Standaert et al., 1999; Braiman et al.,
2001; Chenetal., 2003; Kanzaki et al., 2004; Sasaoka etal., 2004:
Herr etal., 2005). In response to insulin stimulation, aPKCL/A is
translocated to the plasma membrane (Standaert et al., 1999;
Braiman ecal,, 2001), where aPKC{/\ is believed to be activated
(Galetic et al,, 1999; Kanzaki et al., 2004). In the present study,
the addition of G-CSF induced PKC. to translocate to the
membrane from the nucleus within 515 min (Figs. 3and 4), and
this translocation to the plasma membrane accompanied the
full activation of PKCu (Fig. 2B). Previously we reported also
that the maximum activation of p70 S6K in HL-60 cells was
observed from 30 to 60 min after the addition of G-CSF
(Kanayasu-Toyoda etal., 1999, 2002), suggesting that there was
a time lag between the activation of PI3K and p70 S6K upon the
addition of G-CSFin HL-60 cells. I the present study, PKCu was
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The right parts show the quantitation of the bands of PKC. proteins.

Wort or W: wortmannin. PKC. protein was quantitated using data from three separate experiments. Columns and bars representthe mean + SD.

D:Each cellfraction wasimmunoblotted with antibodies of specific marker.

are specific markers for nuclear (N), membrane (M), and cytosolic (C) fractions,

Histon-H |, Fcyreceptor 11a(CD32), and lactate dehydrogenase (LDH)
respectively.

found to re-translocate from the plasma membrane to the
cytosol (Figs. 3 and 4C). In the presence of wortmannin, an
inhibitor of PI3K, PKC. failed to translocate into the plasma
membrane, but instead translocated to cytosol directly from
the nucleus upon the addition of G-CSF (Figs. 3 and 4B). PKC.
translocation was also observed in myeloperoxidase-positive
cells derived from human cord blood (Fig. 3B), indicating that
G-CSF-induced dynamic translocation of PKCL occurred in not
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only a limited cell line but also neutrophilic lineage cells. These
data suggest that PI3K plays an important role in the activation
and translocation of PKCu during the G-CSF-induced activation
of myeloid cells. Furthermore, the translocation to the plasma
membrane in response to G-CSF is wortmannin sensitive, but
the translocation from the nucleus upon G-CSF stimulation is
not affected by wortmannin, suggesting that the initial signal of
G-CSF-induced PKCu translocation from the nucleus may be
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randed RNA (Cont, gray lines), and the black arrow the cells transfected with siRNA for PKC. (black lines) in the presence

PI3K-independent. but association of PKCu with the plasma
membrane could be mediated through a PI3K-dependent signal.
Cord blood is an important material of blood transplantation
for leukemia (Bradstock et al., 2006; Ooi, 2006; Yamada et al,,
2006) or for congenital neutropenia (Mino et al., 2004;
Nakazawa et al., 2004) because it contains many hematopoietic
stem cells such as CD34-positive cells or CD 133-positive cells,
and also contains immature granulocytes. The neutrophilic
differentiation and proliferation are necessary processes after
transplantation.

Formyl-Met-Leu-Phe peptide evokes the migration, superoxide
production, and phagocytosis of neutrophils through fMLP-R, a
suitable marker for neutrophilic differentiation. In this study,
the reduction of PKCu by siRNA inhibited G-CSF-induced
proliferation (Fig. 5B) and promoted neutrophilic
differentiation (Fig. 5C) in terms of fMLP-R expression. These
data, however, suggest that PKCi promoted G-CSF-induced
proliferation and blocked differentiation at the same time.
The substrates of aPKC have recently been reported: namely,
the cytoskeletal protein Lethal giant larvae (Lgl) was
phosphorylated by Drosophila aPKC (Betschinger et al., 2003)
and glyceraldehydes-3-phosphate dehydrogenase (GAPDH)
was phosphorylated by PKCu (Tisdale, 2002) directly in both
cases. While the direct phasphorylation of p70 $6K by aPKC
was not observed (Akimoto et al., 1998; Romanelli et al.,
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1999), the enzyme activity of p70 S6K was markedly enhanced
by co-transfection with aPKC and PDK- |, the latter of which is
recruited to the membrane due to the binding of
phosphatidylinositol-3,4,5-trisphosphate to its PH domain
(Anderson etal., 1998). The addition of G-CSF induced PKCito
increase phosphorylation at Thr-389, which is the site most
closely related to enzyme activity among the multi-
phosphorylation sites of p70 S6K (Wengetal., 1998). However,
the mammalian target of rapamycin (mTOR), an upstream
regulator, also phosphorylates Thr-389 of p70 SéK and
markedly stimulates p70 S6K activity under coexistence with
PDK-| (Isotani et al., 1999). We could not rule out the
possibility that other PKC isoforms can contribute to the
activation of p70 S6K. We postulated that in G-CSF-stimulated
HL-60 cells, PKCu contributes to p70 S6K activation as an
upstream regulator.

Atypical PKC isoforms are reported to play animportant role in
the activation of IkB kinase B (Lallena et al., 1999). In
PKC{-deficient mice, impaired signaling through the B-cell
receptor resulted in the inhibition of cell proliferation and
survival while also causing defects in the activation of ERK and
the transcription of NF-«B-dependent genes (Martin et al.,
2002). Moreover, Lafuente et al. (2003) demonstrated that the
loss of Par-4, that is, the genetic inactivation of the aPKC
inhibitor, led to an increased proliferative response of
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peripheral T cells when challenged through the T-cell receptor.
However, it has been reported that PK CA-deficient mice have a
lethal phenotype at the early embryonic stage (Soloff et al.,
2004). Based on the present results and those of previous
reports (Kanayasu-Toyoda etal., 1999, 2002), we postulate that
PKCu plays an important role in regulating G-CSF-induced
proliferation in neutrophilic lineage cells.
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