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Abstract

Hematopoietic stem cells (HSC) are defined by their cardinal properties, such as sustained proliferation,
multilineage differentiation, and self-renewal, which give rise to a hierarchy of progenitor populations with
more restricted potential lineage, ultimately leading to the production of all types of mature blood cells.
HSC are anchored by cell adhesion molecules to their specific microenvironment, thus regulating their cell
cycle, while cell migration is essentially required for seeding the HSC of the fetal bone marrow (BM) dur-
ing development as well as in adult BM homeostasis. The dystrophin-associated protein complex (DAPC)
is a large group of membrane-associated proteins linking the cytoskeleton to the extracellular matrix and
exhibiting scaffolding, adhesion, and signaling roles in muscle and non-muscle cells including mature blood
cells. Because adhesion and migration are mechanisms that influence the fate of the HSC, we explored
the presence and the feasible role of DAPC. In this study, we characterized the pattern expression by
immunoblot technique and, by confocal microscopy analysis, the cellular distribution of dystrophin and
utrophin gene products, and the dystrophin-associated proteins («-, f-dystroglycan, a-syntrophin, o-dystrob-
revin) in relation to actin filaments in freshly isolated CD34" cells from umbilical cord blood. Immunoprecip-
itation assays demonstrated the presence of Dp71d/Dp71A4,0"~DAPC and Up400/Up140~DAPC. The
subcellular distribution of the two DAPC in actin-based structures suggests their dynamic participation in
adhesion and cell migration. In addition, the particular protein pattern expression found in hematopoietic
stem/progenitor cells might be indicative of their feasible participation during differentiation.
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Blood cells are produced throughout life by a process
termed hematopoiesis, which is defined as the expansion
and differentiation of a very small population of plurip-
otent hematopoietic stem cells (HSC) in the bone mar-
row (BM). HSC give rise to a hierarchy of progenitor
populations with more restricted potential lineage, ulti-
mately leading to the production of all types of mature
blood cells. Therefore, the hematopoietic system is a
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privileged observatory for the study of the highly coor-
dinated process leading to cell differentiation. Hemato-
poietic stem and progenitor cells differentiation is
controlled by the combined effects of hematopoietic
growth factors (HGFs), chromatin modifiers, transcrip-
tion factors, and microRNAs (miRNAs) (1). Upon the
appropriate stimuli, migration of HSC occurs across the
endothelial vasculature to different organs and to their
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appropriate niche within the BM cavity, a process
termed homing. Homing is a coordinated, multistep
process that involves signaling growing factors, activa-
tion of receptors, and cytoskeleton rearrangements,
leading to the formation of a lamellipodium at the
front side and a uropod at the rear (2).

Because cell-extracellular matrix adhesion is a prere-
quisite for cell survival and also a key factor for
differentiation of stem cells, the identification and char-
acterization of protein complexes involved in this pro-
cess are necessary steps to understand lineage-specific
cell function and to develop clinical applications for
these cells. In this respect, the dystrophin-associated
protein complex (DAPC) — a large membrane-spanning
multiprotein complex comprising dystrophin/utrophin,
sarcoglycans, dystroglycans, dystrobrevins, and syntro-
phins (3) — modulates cell adhesion and intracellular
signal transduction in numerous terminal-differentiated
cell types by providing a connection between the extra-
cellular matrix and the intracellular cytoskeleton (4, 5).
In our previous studies, we identified the presence of
DAPC in different mature blood cell types, including
platelets and neutrophils, and provided evidence for
DAPC participation in cell adhesion. In platelets,
DAPC may modulate adhesion by participating as
scaffolding protein complex (6, 7), while in neutrophils,
DAPC might be involved in cytoskeleton reorganiza-
tion during chemotaxis (8). In this study, we reported,
to our knowledge for the first time, the expression and
subcellular distribution profile of DAPC members in
HSC from umbilical cord blood by using confocal
microscopy and Western blot analyses. Furthermore,
we demonstrated by immunoprecipitation assays the
conformation of at least two DAPC in these cells,
Dpl116/Dp71d/Dp71A 19" ~DAPC and Up400/Upl140~
DAPC, and provide evidence for their participation in
cell migration.

Table 1 Characteristics of the different antibodies used in this study

DAPS in hematopoietic stem/progenitor cells

Methods

Antibodies

Table 1 lists the recognition properties of all of the anti-
bodies used in this study. Monoclonal and polyclonal are
referred as (mAbs) and (pAbs), respectively.

Cell source

Umbilical cord blood (CB) units were obtained by dona-
tion from the Centro Nacional de la Transfusion Sangui-
nea in Mexico City at the end of full-term deliveries,
after clamping and cutting of the cord by drainage of
blood into sterile collection tubes containing the antico-
agulant citrate-phosphate.

CD34" cell purification

Mononuclear cells were separated from CB by Ficoll-
Paque (Amersham Pharmacia Biotech, Uppsala, Sweden)
density gradient centrifugation (9). After washing twice,
aliquots of the cells were employed for isolation of
CD34™" cells, and for phenotypic analysis, CD34" cells
were enriched using a CD34" Progenitor Cell Selection
System (Dynal AS, Oslo, Norway) according to the man-
ufacturer’s instructions, which yielded 95% pure CD34™"
according to the flow cytometric evaluation performed
after blocking surface Fc receptors and after their incu-
bation with FITC-conjugated anti-CD34 monoclonal
antibodies (Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA), after which two-color flow cytometry was
utilized to assess co-expression of cell surface antigens
with CD34. This analysis was performed in a FACS Cal-
ibur flow cytometer using CELLQUEST software (Bec-
ton Dickinson Labware, Franklin Lakes, NJ, USA) with
the acquisition of at least 10 000 events for each sample.
Surface expression of antigens was evaluated employing

Antibody Position of antigen Specificity Reference/resource

H4 pAb C-Tlast 11 aa Dp427, Dp260, Dp140, Dp116, Dp71 (30)

Dys2 mAb C-T last 17 aa Dp427, Dp260, Dp140, Dp116, Dp71 Novocastra (New Caste, UK)

Utrophin 3B6 mAb Peptide 261-371 Up400 Sta. Cruz Biotechnology Inc. (CA, USA)
human utrophin

K7 pAb C-T last 15 aa Up400, Up140, Up71 (30)

p-Dystroglycan L-20 pAb Peptide C-T p-Dystroglycan Sta. Cruz Biotechnology Inc. (CA, USA)

JAF pAb C-T last 7 aa B-Dystroglycan (31)

o-syntrophin pAb Peptide C-T o-syntrophin Sta. Cruz Biotechnology Inc. (CA, USA)

o-syntrophin pAb Peptide 191-206 o-syntrophin (31)

o-dystrobrevin pAb C-T last 19 aa o-dystrobrevin Sta. Cruz Biotechnology Inc. (CA, USA)

o-actin mAb C-T aa human origin Actin Sta. Cruz Biotechnology Inc. (CA. USA)

mAb, monoclonal antibody; pAb, polyclonal antibody.
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the following antibodies: anti-CD34-FITC (hematopoi-
etic progenitor/stem cell); CD38-Phycoerythrin (PE)
(immature subset) (Santa Cruz Biotechnology Inc.). As
the CD34™ fraction is rather heterogeneous and only a
small amount of this population are true HSCs; CD34 ™
cells are considered hematopoietic stem/progenitor cells
(HSPCs).

CD34" cultures

Two to 10 000 CD34/CB cell-isolated CD34 " cells from
human umbilical CB were cultured in quadruplicate, flat-
bottomed, 24-well plates in 1 mL IMDM supplemented
with 10% FCS in the presence of FLT3 (50 ng/mL), and
TPO (10 U/mL) (Preprotech, Rocky Hill, NJ, USA) in
microwells twice a week. The wells were grown at 37°C
for 3 wks with 5% of CO,.

Immunofluorescence staining (IF)

CD34™" cells were seeded on poly-L-lysine-coated cover-
slips and after 20 min were fixed for 20 min with 2%
paraformaldehyde/PBS and 0.04% NP40 in the cytoskel-
eton-stabilizing solution PHEM (100 mm  PIPES,
5.25 mMm HEPES, 10 mMm EGTA, 20 mm MgCl,, pH 6.9)
(Sigma Chemical Co., St. Louis, MO, USA) and for 1 h
with 2% paraformaldehyde. HSPCs cells were first incu-
bated for 1 h with 0.1 ug/mL phalloidin, tetramethyl-
rhodamine B isothiocyanate (TRITC) (Sigma Chemical
Co.) to label actin filaments and was then incubated for
2 h with the appropriate primary antibodies (Table 1)
diluted in 0.1% fetal bovine serum (FBS) in PBS. Cells
were washed with PBS and incubated for 1 h with the
secondary anti-mouse, anti-rabbit, or anti-goat antibod-
ies conjugated to Alexa-Fluor-568 or Alexa-Fluor-488
(Molecular Probes, Eugene, OR, USA), washed, and
mounted in Vectashield media (Vector Laboratories Inc.,
Burlingame, CA, USA). Slides were observed using a
Leica confocal instrument model TCS-SP5 Mo, and
images were taken at 63x at zoom 3 at 1024 x 1024 pix-
els with an HCX PL APO 63X/1.40-0.60 DIL CS oil
immersion. Optical sections [z] were captured at 0.18 pm.
Negative controls included cells incubated with an irrele-
vant polyclonal antibody or cells just exposed to the
fluorescent-secondary antibodies. None of these controls
showed any conspicuous signal. It is important to note
that the antibody chosen for this analysis corresponded
to the one that better let visualize the corresponding
images.

Western blot analysis

Homogenates were sonicated, and protein concentrations
were determined by the Bradford method (Bio-Rad,
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Hercules, CA, USA). A portion (50 ug) of protein extract
was mixed with an equal volume of 2X sample buffer
[50 mMm Tris—-HCI (pH 6.8), 15% (w/v) SDS, 5% (v/v), f-
mercaptoethanol, 20% (v/v) glycerol, 0.1% (w/v) brom-
ophenol blue] and boiled for 3 min. Proteins were resolved
by SDS-PAGE (10% (w/v) and electrotransferred onto
nitrocellulose membrane, using a semidry system (Thermo
Fisher Scientific Inc., Waltham, MA, USA). Membranes
were incubated with the appropriate primary antibodies
and then with horseradish peroxidase-conjugated second-
ary antibodies, visualized using an enhanced chemilumi-
nescence Western blot analysis system (Santa Cruz
Biotechnology Inc.), and documented utilizing X-omat
film (Kodak, Rochester, NY, USA). Antibodies used for
this assay corresponded to those that offer a well-known
good performance in Wb. Negative controls consisted of
transferred strips incubated only with horseradish peroxi-
dase-conjugated secondary antibodies.

Immunoprecipitation assays

CD34™ cells were resuspended in 50 mm Tris—-HCI (pH
8) containing complete Protease Inhibitor Cocktail
(Roche, Mannheim, Germany). Homogenates were soni-
cated with an equal volume of 2X RIPA buffer (10 mm
9 Tris—HCI (pH 7.4), 1 mm EGTA, 158 mm NaCl,
10 mm NasMoOy, 25 mm NaF, 1 mMm phenylmethanesul-
phonyl fluoride, 1 mm EDTA, 2 mM Na3;VOy). After
determination of protein concentration by the Bradford
method, cell lysates were added to an equal volume of
ice-cold RIPA buffer containing 1% (w/v) Triton X-100
and 0.1% (w/v) SDS. Lysates were incubated for 2 h at
4°C with the appropriate immunoprecipitating antibodies
(Table 1) and subsequently incubated overnight with
Protein G plus sepharose (Santa Cruz Biotechnology
Inc.). Immunoprecipitates (Ip) were separated by centri-
fugation, washed with lysis buffer, resuspended in 2X
sample buffer, and then boiled for 5 min. Immunoprecip-
itated proteins were analyzed by Western blot, as
described previously. It is important to note that to
avoid the visualization of immunoglobulin heavy chain
band that could interfere with the band of interest,
different species antibodies were chosen between the
immunoprecipitating antibody and the Wb antibody.

Results

Dystrophin proteins are present in HSPCs and
co-localize with actin filaments

To identify the expression pattern of dystrophin proteins
in HSPCs, we carried out Western blot assays using the
anti-dystrophin antibody H4, directed against epitopes
localized in the dystrophin C-terminal region (Table I).
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Because muscle cells express the majority of dystrophin
family members, the mouse muscle cell line C2C12 was
employed as positive control.

The anti-dystrophin antibody H4 revealed the presence
of only three bands in HSPCs extracts; of these three,
the two bands with slow mobility co-migrated toward
those found in the C2C12 non-differentiated cell extract.
Dp71 is expressed in all tissues, except for skeletal mus-
cle, where its expression is exclusively confined to myo-
blasts (10-12); on the contrary, Dp427 is the major
isoform expressed in mature fibers (13, 14). The upper
band with a relative molecular weight of 116 kDa may
correspond to Dpl116, while the middle band with a pre-
dicted molecular weight of 76 kDa must correspond with
Dp71d. Finally, a faint band of approximately 55 kDa
that was evident only in HSPCs extracts might corre-
spond to Dp71A;;0" (Fig. 1A). Dp71 transcripts are
alternatively spliced in exons 71-74 and 78 to produce
multiple products of 70-78 kDa; Dp71d preserves the C-
terminal, while Dp71A;;)™ is the result of the alterna-
tively splicing at exons 71-74 and/or 78 (15).

To evaluate the subcellular distribution of dystrophin
proteins, immunofluorescence confocal microscope analy-
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sis on CD347 cells was performed. Because the H4 anti-
body recognizes the C-terminal region of dystrophin that
is shared among Dp116, Dp71A;,o", and Dp71d, the dis-
tribution observed is referred to as Dps (Fig. 1B). In
CD34" cells, Dps immunostaining displayed a punctuated
pattern distributed at the plasma membrane, cytoplasm,
and nucleus, which co-localized to a certain extent with
that observed for actin filaments in the cell membrane and
nucleus (Fig. 1B). A fourth line merging green and red
labels only was included to observe the respective proteins
distribution. Negative controls were performed using only
the FITC secondary antibody (data not shown).

Utrophins are present in CD34" cells and are
co-distributed with actin filaments

The presence of utrophin family proteins in HSPCs
CD34" was ascertained by immunoblotting analysis uti-
lizing the K7 antibody, directed against the last C-termi-
nal 15 aa of Up400 (Table 1). Immunoreactive bands
that might correspond to Up400 and to Upl40 were
revealed in both C2C12 and HSPCs cell extracts, while a
lower band with a relative molecular mass of 76 kDa

Figure 1 Identification and cellular distribution of short dystrophins in human hematopoietic stem/progenitor cells (HSPCs). (A) Whole lysates,
obtained from C2C12 cells and HSPCs (CD34"), were analyzed by Western blot using the H4 anti-dystrophin antibody. Dystrophin isoforms
detected with antibody H4 were identified as Dp116 (115 kDa), Dp71d (76 kDa), and Dp71A440™ (565 kDa) (arrows). Migration of protein markers
is shown on the left. (B) Hematopoietic stem cells were seeded on glass cover slips and immunostained with the primary anti-dystrophin antibody
H4, and the specific signal for Dp116/Dp71d/Dp71A4;0™ was developed using a secondary fluorescein-conjugated antibody (green color). Cells
were counterstained with DAPI (blue color) and rhodamine-conjugated phalloidin (red color) to visualize nuclei and cytoplasmic actin, respectively.
After triple labeling, cell preparations were subjected to confocal microscopy analysis. Merged images are shown on the right panels. Scale

bar = 1.5 um.

Figure 2 Expression and distribution of utrophin gene products in human hematopoietic stem/progenitor cells (HSPCs). (A) To identify utrophin
isoforms expressed in hematopoietic stem cells (HSC), Western blot analysis of whole lysates from C2C12 cells and human HSPCs CD34* was
carried out. Up400 (395 kDa) and Up140 (140 kDa) were revealed with the anti-utrophin antibody K7 (arrows). Migration of protein markers is
shown on the left. (B) HSC (CD34%) were analyzed by immunofluorescence and confocal microscopy employing the primary anti-utrophin antibody
K7, and the specific signals for Up400/Up140 were developed with a secondary fluorescein-conjugated antibody (green color). Cells were counter-
stained with DAPI (blue color) and rhodamine-conjugated phalloidin (red color) to visualize nuclei and actin filaments, respectively. Merged images
are shown in the right panels. Scale bar = 1.5 um.
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that may correspond to Up71 was detected solely in the
C2CI12 non-differentiated cell extract (Fig. 2A). Up71 is
expressed in myoblasts and unlike dystrophin, it is only
increased 2-fold during myogenic differentiation (9, 16, 17).

Cellular distribution of utrophins was ascertained in
CD34" cells utilizing the anti-utrophin antibody K7.
Up400/Upl140, referred to as Ups, were distributed
mainly at the plasma membrane with scarce presence in
the cytoplasm. Ups co-localized with F-actin mainly at
the plasma membrane and to a lesser extent in the
nucleus (Fig. 2B). A fourth line merging green and red
labels only was included to observe the respective proteins
distribution. Negative controls were performed using the
FITC secondary antibody alone (data not shown).

DAP are present in CD34" cells

To ascertain the presence of dystrophin-associated pro-
teins (DAP) in HSPCs, specific antibodies directed against
each DAP analyzed (a-dystroglycan, f-dystroglycan,
a-syntrophin, and o-dystrobrevin) were employed for
immunoblotting and immunofluorescence assays. In
HSPCs cell extracts, the anti-a-dystroglycan revealed the
presence of three immunoreactive bands with relative
molecular mass of 156, 120, and 80 kDa, with the upper
band the only band shared between HSPCs and C2C12
non-differentiated cell extracts. Co-migrated immunoreac-
tive bands corresponding to ff-dystroglycan were found in
HSPCs (52 kDa) and C2CI12 (43 kDa) extracts, while
immunoreactive bands of 84 and 56 kDa that must corre-
spond to a-dystrobrevin-1 and a-syntrophin, respectively,
were found in both HSPCs and control extracts (Fig. 3A).

Distribution of DAP was analyzed by immunofluores-
cence assays. In CD34™ cells, a-dystroglycan immunola-
beling was discontinuous with discrete aggregates at the
plasma membrane and displayed scarce co-localization
with actin filaments in this cell region (Fig. 3B). Beta-
dystroglycan immunostaining was homogenously distrib-
uted throughout the entire cell body with some intensely
stained nuclear bodies and showed co-localization with
actin labeling at the cell periphery and nucleus (Fig. 3B).

Apparently, o-dystroglycan and f-dystroglycan did not
have the same distribution which might be attributable
to the different z stacks observed in the figure.

On the other hand, a-syntrophin exhibited a granular
immunolabeling pattern homogeneously distributed
throughout the cell that co-localized with actin, mainly
in the nucleus (Fig. 3B, merge). Finally, the a-dystrobre-
vin antibody revealed a homogeneous distribution of the
protein encompassing the cytoplasm and nuclei with
some intensely stained aggregates; co-localization
between o-dystrobrevin and actin filaments was evident
in most of the cell body (Fig. 3C, merge). A fourth line
merging green and red labels only was included to
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observe the respective proteins distribution. Negative
controls were performed using the FITC secondary anti-
body alone (data not shown).

Dystrophins and utrophins are co-distributed with
DAP in CD34" cells

To ascertain the potential association of Dpll6/
Dp71d/Dp71A110™ or Up400/Upl140 with DAP (f-dys-
troglycan, a-syntrophin, and a-dystrobrevin) in HSPCs,
we analyzed as a first step whether these proteins co-
localize by confocal microscopy assays. Immunofluores-
cence images show that both Dpl16/Dp71d/Dp71A;;y™
(Fig. 4A) and Up400/Upl40 (Fig. 4B) co-localized with
p-dystroglycan and o-syntrophin mainly in the cell
periphery, and with o-dystrobrevin throughout the cell
(Fig. 4A). A fourth line merging green and red labels
only was included to observe the respective proteins dis-
tribution. Negative controls were performed using the
TRITC secondary antibody alone (data not shown).

Altogether, these results suggest the conformation of
DAPC in HSPCs that contain Dpl116/Dp71d/Dp71A; ;™
or Up400/Up140 as core proteins.

Dystrophins and utrophins make up DAPC in CD34"*
cells

To demonstrate directly the interaction between
Dpl16/Dp71d/Dp71A;,0™, or actin with DAP in HSPCs
cells, immunoprecipitation assays were carried out using
immunoprecipitating antibodies, Dys2 against Dpl16/
Dp71d/Dp71A,0™, utrophin 3B6 for Up400/Upl40, or
actin. Co-immunoprecipitated proteins (Ip) were ana-
lyzed by immunoblotting with antibodies against actin,
DAP, dystrophins (H4), and utrophins (K7). Immuno-
precipitation of actin pulled down dystrophins Dp71
(76 kDA) and Dp71A;;y™ (55 kDa), utrophins Up400
(395 kDa) and Upl40 (140 kDa), o-dystrobrevin-1
(84 kDa) (Fig. 5A), p-dystroglycan (52 and 43 kDa
bands), and «-syntrophin (59 kDa). An additional band
of unknown origin was observed in the o-syntrophin
immunoprecipitation assay.

Immunoprecipitation assays for Dpll16/Dp71d/
Dp71A0" were performed with the anti-dystrophin
antibody Dys2. Together with dystrophins, S-dystrogly-
can (43 and 52 kDa), a-syntrophin (58 kDa), a-dystrob-
revin-1 (84 kDa), and actin (42 kDa) were co-
immunoprecipitated from CD34% cells (Fig. SB). When
Up400/Upl140 was immunoprecipitated using the K7
antibody, f-dystroglycan (43 and 52 kDa), a-syntrophin
(58 kDa), a-dystrobrevin-1 (84 kDa), and actin (42 kDa)
were co-purified from CD 347 cells (Fig. 5C).

Altogether, these results show the existence of two
alternative protein complexes in CD34 ™ cells, which are
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Figure 3 Identification and distribution of dystrophin-associated protein (DAP) and actin in human hematopoietic stem/progenitor cells (HSPCs).
(A) Whole protein lysates from C2C12 cells and from human HSPCs (CD34*) were comparatively analyzed by immunoblotting. Blots were immu-
nostained with antibodies against a-dystroglycan (o-dg), f-dystroglycan (f-dg), a-dystrobrevin («-db), and a-syntrophin (x-syn). Arrows on the right
denote the specific protein bands for a-dystroglycan (156 and 120 kDa) for CD34" cells and 156 kDa for C2C12, p-dystroglycan (52 and 43 kDa for
C2C12), o-Db-1 (89 kDa) and o-syntrophin (59 kDa). (B) Confocal microscopy analysis of CD34" cells were carried out with primary antibodies
direct to a-dystroglycan, f-dystroglycan, a-syntrophin, and a-dystrobrevin, and the specific signal for each protein was developed using a second-
ary fluorescein-conjugated antibody (green color). Counterstaining with DAPI (blue color) and rhodamine-conjugated phalloidin (red color) was car-
ried out to stain nuclei and actin filaments, respectively. Merging images are shown on the right panels. Scale bar = 1.5 um.

made up of Dpl16/Dp71d/Dp71A;,,™ or Up400/Upl140
and their associated proteins. Furthermore, our data pro-
vided evidence of the interaction of these complexes with
the actin cytoskeleton.

Dystrophin-associated proteins participate during the
migration process

One of the hallmarks of HSPCs is their migration,
which show multiple podia when they are maintained

© 2011 John Wiley & Sons A/S

in culture (18). Therefore, we obtained CD34" cell cul-
tures and processed these by double immunofluores-
cence confocal microscopy, and analysis by flow
cytometry revealed the presence of 87% of CD347"
CD38" HSPCs (data not shown). Primary antibodies
against dystrophins (Dph), utrophins (Uph), p-dystro-
glycan (f-dg), o-syntrophin (a-syn), and a-dystrobrevin
(a-db) were revealed using FITC secondary antibodies,
while actin filaments were revealed employing TRITC-
phalloidin.
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Merge Merge

Figure 4 Co-localization of dystrophins and utrophins with dystropin-associated proteins (DAP) in human hematopoietic stem/progenitor cells
(HSPCs). (A) HSPCs were stained for Dp116/Dp71d/Dp71A+10™ using the anti-dystrophin antibody H4 and co-stained either anti-f-dystroglycan
(B-dg), a-dystrobrevin (a-db), or anti-a-syntrophin (ax-syn) antibody (DAP). Developing of Dp116/Dp71d/Dp71A4;0™ was carried out with a second-
ary fluorescein-conjugated antibody (green color) while developing of each DAP was performed with a secondary rhodamine-conjugated antibody
(red color). DAPI (blue color) was used to stain the nuclei. Scale bar = 1.5 um. B. HSPCs were double immunolabeling with the anti-utrophin anti-
body K7 and either anti-f-dystroglycan (f-dg), a-dystrobrevin («-db), or anti-a-syntrophin (x-syn) antibody. Developing of Up400/Up140 staining was
carried out with a secondary fluorescein-conjugated antibody (green color) while developing of each DAP staining was performed with a second-
ary rhodamine-conjugated antibody (red color), and nuclei were identified with DAPI (blue color). Scale bar = 1.5 um.

Dystrophins and utrophins demonstrated a polarized of DAP f-dystroglycan (f-dg), a-syntrophin (a-syn), and
immunostaining pattern decorating the uropod and a-dystrobrevin (z-db) was also evident at the uropod, cel-
exhibited certain co-localization with actin. Distribution lular protrusions, and regions where filamentous actin
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Figure 5 Dystrophins and utrophins form protein complexes with dystropin-associated proteins (DAP) in human hematopoietic stem/progenitor
cells (HSPCs). Protein extracts from CD34" cells were immunoprecipitated with anti-actin antibody (A), anti-Dp116/Dp71d/Dp71A41,™ (Dys2 anti-
body) (B) or anti-utrophin (utrophin 3B6 antibody) (C). Proteins from total extracts (E) and immunoprecipitates (Ip) were analyzed by Western blot
using antibodies against actin, p-dystroglycan, a-syntrophin, o-dystrobrevin, Dp116/71d/Dp71A;10™ (H4 antibody), and Up400/Up140 (K7 anti-
body). Migration of protein markers is shown on the left. Controls treated with an irrelevant antibody are shown at the right.

staining was polarized (Fig. 6, arrows). Altogether, our
results strongly suggest that dystrophin-associated pro-
teins might participate as a scaffold for cytoskeleton
remodeling, forming actin-based structures during cellu-
lar migration.

Discussion

Mature blood tissue cells have a limited life span and are
continuously replaced by the proliferation and differenti-
ation of the HSC, which undergo constant renewal and
consequently have an active regenerative compartment.
The signals that influence cell cycle and migratory
status depend on the crosstalk among multiple ligand-
receptor signaling pathways, which include adhesion
molecules. Based on our previous studies on platelets
and neutrophils related with the DAPC (7, 8), we were
very interested in exploring the presence of these proteins
in the hematopoietic stem-progenitor cells (HSPCs) and
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their feasible participation in adhesion and migration
process.

In this study, we described, to our knowledge for the
first time, the pattern of expression and subcellular local-
ization of dystrophin (Dpl16, Dp71d, and Dp71A;0™)
and utrophin (Up400 and Upl40) isoforms, as well as
that of the DAP (a-, f-dystroglycan, a-syntrophin, and
a-dystrobrevin-1) using Immunofluorescence (IF) and
immunoblotting analyses. Furthermore, we demonstrated
by immunoprecipitation assays the existence of alterna-
tive DAPC, which are composed of Dp71d/Dp71A;;,™
or Up400/Upl40 and p-dystroglycan, a-syntrophin, and
a-dystrobrevin-1.

Dpl16 protein was not present in actin immunoprecip-
itates, which can be attributed to its absence of
actinbinding domains (19); however, it might be part of
the cytoskeleton by its feasible indirect interaction with
actin through f-dystroglycan as has been described in
Scwann cells (20, 21).
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Actin

Figure 6 The dystrophin- and utrophin-associated proteins are part of
actin-based structures cultured human hematopoietic stem/progenitor
cells (HSPCs). The feasible scaffolding role of the dystrophin, utrophin,
and associated proteins were observed in HSPCs cultured and pro-
cessed for double immunofluorescence staining and analyzed for con-
focal microscopy using the primary anti-dystrophin (H4), anti-utrophin
(K7), anti-p-dystroglycan (f-dg), anti-a-syntrophin (a-syn), or a-dystrob-
revin (z-db) developed with a secondary fluorescein-conjugated anti-
body (green color). Cells were counterstained with DAPI (blue color)
and rhodamine-conjugated phalloidin (red color) to visualize nuclei and
actin filaments, respectively. Merged images are shown on the right
panels. Arrows denote plasma membrane protrusions of migrating
cells. Scale bar = 2.5 um.

In agreement with our results, it turns out interesting
to consider that all this proteins and complexes might
have redundant or complementary functions and cer-
tainly there must be a spatio-temporal regulation of their
functions through mechanisms that remain to be eluci-
dated as it seems unfeasible that they could operate
simultaneously through the cell.
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According to our results, we are required to consider
the presence of DAPC as a scaffolding protein complex
that has been initially recognized in muscular and non-
muscular systems. In this regard, the presence of DAPC
elements in cultured CD34 ™" cells forming in actin-based
structures such as filopodia, lamellipodia, and uropods
confirms the role of DAPC as cytoskeleton elements
involved in cell migration.

The fate of HSC and progenitor cells is determined by
dynamic crosstalk among niche-originating cytokines,
chemokines, and adhesion molecules. Cell adhesion mol-
ecules such as N-cadherin, fl-integrin, and osteopontin
might not only be required for HSC anchoring to the
niche, but also for involvement in the regulation of the
cell cycle status of HSC (22). Considered dystroglycan as
a cell adhesion molecule, it represents a physical connec-
tion between extracellular matrix and cytoskeleton, and
it is a key transducer of signals from outside to inside.
According to these assumptions, it is possible that in
HSPCs a-dystroglycan might participate in anchoring to
niche components such as laminin and may participate
in modulating cell functions inherent to the adhesion
process including regulation of asymmetric cell division,
as has been observed in Drosophila germline stem cells
(23).

Previous reports have shown that signaling through
Tie2/Ang-1 or Mpl/THPO induces pfl-integrin- and
N-cadherin-dependent HSC adhesion. Therefore, it is
thought that fl-integrin and N-cadherin are key down-
stream targets of signaling in HSC (24, 25). In platelets,
we have found DAPC and fl-integrin in close associa-
tion with elements of focal adhesion complex and stress
fiber organization. In addition, we have described f-dys-
troglycan as a key element in cytoskeleton remodeling,
as has been recently reported in myoblasts (26). There-
fore, it is tempting to speculate that DAPC via f-dystro-
glycan possesses a role in the adhesion, and ultimately in
the differentiation process of HSPCs.

p-dystroglycan is required to polarize epithelial cells
and the oocyte in Drosophila (27), while its knockdown
induces death of the embryo. In these regard, the present
results clearly show DAPC elements with a polarized
pattern during CD34 " cells migration.

It is noteworthy that the differential protein expression
pattern reported here compared with that shown by
mature cells (platelets and neutrophils) for certain ele-
ments such as f-dystrobrevin-2 and Up71, as well as the
downregulated expression of others such as Dpl116 might
suggest their specific role in the differentiation stages.

In relation to the variation of the relative molecular
weights  between the f-dystroglycan of 52 kDa
evidenced for CD34" cells compared with C2C12 co-
migrated control (43 kDa) and that observed for the
platelets of 43 kDa and 64 kDa found in neutrophils,
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this could be attributed to the extent of their glycosyla-
tion. This dynamic differential expression reflects their
diverse role during the proliferation and differentiation
of the HSC and is related with their diverse binding
patterns and functional properties (26). It is also note-
worthy that our confocal microscopy analysis showed a
strong presence of actin filaments and DAPC elements
at HSC nuclei, as has been reported previously for
C2C12 muscle cells. These findings suggest that DAPC
are involved in nuclear structure and thereby might
modulate nuclear processes (28), and that during the
differentiation process they might control the gene
expression regulating chromatin dynamics. As DAPC
apparently diminishes their nuclear presence in mature
forms such as neutrophils, their regulating role during
the differentiation process is reinforced, as recently has
been suggested in neurons (29). Study of the nuclear
function of Dp71 and DAP in CD34™ cells is currently
in process at our laboratory.

In summary, this study provides evidence for the
importance of DAPC in the migration and adhesion
responses of HSPCs, and the performance of this type of
study on HSPCs might promote the progress in the anal-
ysis of HSC biology and functional properties, contribut-
ing to their efficient expansion and to their clinical use in
regenerative medicine.
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