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Dystroglycan has recently been characterized in blood tissue cells, as part of the dystrophin glycoprotein
complex but to date nothing is known of its role in the differentiation process of neutrophils. We have
investigated the role of dystroglycan in the human promyelocytic leukemic cell line HL-60 differentiated
to neutrophils. Depletion of dystroglycan by RNAi resulted in altered morphology and reduced properties
of differentiated HL-60 cells, including chemotaxis, respiratory burst, phagocytic activities and expression
of markers of differentiation. These findings strongly implicate dystroglycan as a key membrane adhesion
protein involved in the differentiation process in HL-60 cells.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Haematopoiesis is the process leading to the sustained produc-
tion of blood cells by hematopoietic stem cells (HSCs), giving rise
to all hematopoietic lineage cells. Granulopoiesis describes a part
of the haematopoiesis process in which a large number of granulo-
cytes are formed by HSCs that can replicate and differentiate into
multilineage cells (neutrophils, eosinophils, basophils) [1,2]. Hae-
matopoiesis involves the coordination of several signal transduc-
tion pathways, which are induced by extracellular stimuli
through cell-cell and cell-extracellular matrix (ECM) interactions
[2]. Interactions with the ECM binding partners represent the crit-
ical steps by which cells initiate cytoplasmic signaling essential for
the regulation of their growth, differentiation, attachment and
migration, and are important factors in the development and pro-
gression of many types of cancer [3]. Dystroglycan (Dg) is an adhe-
sion molecule responsible for crucial interactions between ECM
and the cytoplasmic compartment [4]. It is formed by two
subunits, o-Dg (extracellular) and B-Dg (transmembrane), that
bind respectively to laminin in the matrix and to one of several
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cytolinker proteins such as dystrophin with the cytoskeleton [5].
As an integral part of the dystrophin glycoprotein complex (DGC)
of skeletal muscle [6], dystroglycan is essential for signaling events
mediated through this complex that may have a role as a mechano-
chemical, force-transducing system or shock-absorber [7] and indi-
rectly mediating other signaling pathways associated with the DGC
[8].

The human promyelocytic leukemia (HL-60) cell line can be
induced to differentiate toward cells sharing several functional fea-
tures of mature neutrophils [9] such as cell migration. Differenti-
ated HL-60 cells (dHL-60) thus represent a valuable model
system to study chemotaxis, and the contribution of the cytoskel-
eton in cell polarity [10].

We described previously the presence of DGC components in
platelets, and demonstrated its central participation in the remod-
eling of cytoskeleton during the adhesion process; also our study
showed the existence of DGC in resting and fMLP-treated human
neutrophils. The interaction of the dystroglycan complex with
the actin cytoskeleton is indicative of its dynamic participation in
the chemotaxis process [11].

Therefore in this study, we chose the differentiated HL-60
cells as a model for human neutrophils to study the role of Dg
in mature myeloid cells functions. We demonstrate here that
Dg is intricately and essentially implicated in the differentiation
process in neutrophils and so is therefore of considerable
functional importance.
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2. Materials and methods
2.1. HL-60 cell culture and differentiation

HL-60 cells were cultured in RPMI-1640 medium supplemented
with 10% fetal bovine serum, 400 mM L-glutamine, 50 pM genta-
micin, 25 mM HEPES, 2 g/L sodium bicarbonate, 1 mM sodium
pyruvate in a humid atmosphere of 5% CO, at 37 °C. For differenti-
ation into a neutrophilic phenotype, HL-60 cells (dHL-60) were
differentiated with 1.3% (v/v) DMSO for 7 days [12]. Cell viability
was assessed by exclusion of 0.2% trypan blue and was routinely
>90% before and after differentiation. For functionality assays
dHL-60 cells were differentiated for 5 days with DMSO (Sigma-
Aldrich) 1 uM. HL-60 cultures for some assays were cultured in
presence of a furin inhibitor (decanoyl-RVKR-CMK) 200 uM for
2 days or during differentiation for 4 days.

2.2. Immunofluorescence staining

Antibodies used: a-dystroglycan clone VIA4-1 monoclonal anti-
body Cat. No. 05-298 was purchased from Millipore (Billerica,
MA, USA), B-dystroglycan Cat. No. sc-30405 monoclonal antibody
Cat. No. sc-21012, a-tubulin mAb Cat. No. sc-5286, were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) and
B-dystroglycan PY892 Cat. No. 617102 was purchased from
Biolegend, (San Diego, CA, USA).

HL-60 cells were adhered with poly-p-lysine-coated coverslips
and after 60 min were permeabilized and fixed with a mixture of
2% p-formaldehyde, 0.04% NP40 in the cytoskeleton stabilizing
solution PHEM and triton 0.2%. HL-60 cells were first incubated
with the specific primary antibodies diluted in PBS 0.1% bovine
serum albumin to o-Dg and B-Dg diluted in PBS 0.5% bovine
serum albumin for incubated for 24 h. Cells were washed with
PBS solution and incubated for 1h with secondary anti-goat,
anti-mouse conjugated to Alexa-Fluor-488 (Molecular Probes,
Eugene, OR, USA), cells were washed with PBS and incubated with
phalloidin (Sigma Chemical Co.) to label the actin filaments for
30 min. For counterstaining, nuclei were dyed for 30 min with
4’ 6-diami-dino-2-phenylindole (Sigma Chemical Co.), washed,
and mounted. Slides were observed using a Leica confocal instru-
ment model TCS-SP5 Mo, and images were taken at 63x zoom 3 x
at 1024 x 1024 pixels with an HCX PL APO 63 x/1.40-0.60 DIL CS
oil immersion. Optical sections [z] were captured at 0.18 mm.
Immunofluorescence quantification was performed using Image]
(NIH, Bethesda, USA). Filopodia size and number were detected
using the software FiloDetect from images taken from fluores-
cence microscopy [13].

2.3. Western blotting analysis

HL-60 cells were resuspended and lysed with a 2x lysis buffer
(0.5% NP-40, 2 mM Na3VO,, PSMF) containing a protease inhibitor
cocktail. Homogenates were sonicated 3 times for 15 s. The protein
concentrations were determined by the BCA method. The protein
extract was mixed with loading buffer (Tris-HCl sodium dodecyl
sulfate, B-mercaptoethanol, glycerol, bromophenol blue) and
boiled for 5 min. Whole cell lysates were separated by 10% SDS-
polyacrylamide gel electrophoresis (PAGE) and electrotransferred
onto nitrocellulose membranes, using a semidry system (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). The protein bands were
visualized with Ponceau. Membranes were washed with TBST-1x
for 30 min and were blocked with 15% non-fat dried milk in TBST
for 1 h. This was followed by incubation with appropriate primary
antibodies overnight at 4 °C. The membrane was then washed and
incubated with horseradish peroxidase conjugated anti-goat or

mouse secondary antibodies (1:6000) in TBS/T for 60 min. After
washing with TBS/T 3 times, enhanced chemiluminescence (ECL)
assays were performed to visualize bands on X-ray films.

2.4. Plasmids and transfection

shRNA constructs targeting dystroglycan or control shRNA were
generated using the RNAi- Ready pSiren-RetroQ system (Clontech
Laboratories) have been described previously [14]. HL-60 cells
(2 x 10%/ml) were transfected with 2 ug DNA mixed with 2 g
PEGFP-N1 to mark the shRNA transfected cell population (Clon-
Tech, Mountain View, CA, USA) on the Nucleofector II machine
(Amaxa), according to the manufacturer’s recommendation (Lonza
Walkerrsville Inc. Walkersville, MD). Twenty-four hours after
transfected cells were selected. For functional assays, selected cells
were differentiated for 3 days.

2.5. Migration assay

dHL-60 KD Dg cell migration was evaluated using a 12-well
Transwell chamber (Corning, Costar Corp). dHL-60 KD Dg cells
were added to the upper chambers and allowed to migrate for
120 min at 37 °C in 5% CO, towards the lower chamber containing
107 fMLP. Migrated cells from lower chamber were centrifuged at
1200 rpm for 5 min, collected at the bottom of the lower chambers
and quantified, the result was expressed as a percentage of cells
added to the top of the plate.

2.6. Quantitative real-time PCR

Total RNA was extracted from HL-60 cells using Trizol Reagent
RNeasy Mini Kit according to the manufacturer’s instruction.
100 ng of total RNA was subjected to real-time PCR performed in
triplicate using KAPA SYBR FAST (one step qRT-PCR kit) in a final
volume of 10 pl. Reactions without a template or without the
reverse transcriptase were used as negative controls. Amplification
conditions consisted of an initial hot start at 42 °C for 5 min and
95 °C followed by amplification of 40 cycles (95 °C for 30 s, 60 °C
for 1 min, and 72 °C for 30 s). PCR products were analyzed by the
AACt method that compares the amount of target gene to an
endogenous control (GAPDH), followed by normalization to a
control sample to obtain relative levels of transcription.

2.7. Analysis of cell-surface antigens by immunofluorescence flow
cytometry

Cells at 1 x 10°/ml (100 pl) were incubated with monoclonal
antibody for 30 min at 4 °C, washed twice with phosphate-buffered
saline, and suspended for 30 min at 4 °C in 100 pl of Alexa 488-
conjugated goat anti-rabbit IgG (Molecular probes Kallestad Labo-
ratories, Inc., Austin, TX) previously diluted in phosphate-buffered
saline. Then, cells were washed three times and subjected to
immunofluorescence flow cytometer in a FACScan (Becton Dickin-
son San Jose, CA, USA). Fluorescence data were collected in log
scale. Results were shown as percentages of positive cells for each
antigen.

2.8. NBT reduction

Respiratory burst activity was measured by NBT (nitroblue tet-
razolium) reduction as described previously [15]. Cells were stim-
ulated with 50 ng/ml phorbol myristate acetate (PMA) for 15 min
at 37 °C in the presence of 0.1% (w/v) NBT followed by centrifuga-
tion, washing (70% methanol), and addition of 2 M KOH to lyse the
cells, and DMSO to dissolve the formazan blue pellet. NBT
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Fig. 1. Pattern expression and subcellular distribution of dystroglycans in HL-60 cells. (Panel A) Total lysates of HL-60 cells were analyzed by Western blot utilizing antibodies
against C-terminal of o-Dg (160 kDa), B-Dg and BDgpY892. Quantitative analysis using tubulin as loading control is shown. Values shown are mean + SEM from three
independent experiments (n = 3), respectively. *P < 0.005. (Panel B) HL-60 cells settled on glass cover slips were processed for double immunofluorescence using anti-
dystroglycan antibodies (green), and counterstained with phalloidin (red) for visualization of the F-actin network and analyzed by confocal microscopy. Bar = 5 pm. Values
shown are mean + SEM from three independent experiments (n = 3), respectively. *P < 0.05. (Panel C) (B) Messenger RNA expression of dystroglycan was examined by
quantitative reverse transcription PCR in control and differentiated HL-60 cells. Values shown are mean + SEM from three independent experiments (n = 3), respectively.
*P < 0.05. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

reduction was quantified by the difference in the absorbencies at
620 and 450 nm.

2.9. Phagocytosis assays
Differentiated HL-60 cells were allowed to interact at 37 °C with

phalloidin-TRITC-labeled Candida glabrata, at a yeast/cell ratio of
10:1. After a synchronized presentation, the samples were incu-

bated at 37 °C for 30 min. Analysis was performed by flow cytom-
etry in a FACScan (Becton Dickinson San Jose, CA, USA).

2.10. Statistical analysis
Statistical analysis was carried out with GraphPad Prism for

Windows ver5 software (GraphPad Software, Inc., La Jolla, CA,
USA). One-way Analysis of variance (ANOVA) with a multiple com-
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Fig. 2. RNAi mediated depletion of B-Dystroglycan in HL-60 cells. (Panel A) Total HL-60 cells extracts expressing either control RNAi or Dg RNAi were processed for Western-
blot, utilizing an antibody against p-dystroglycan, corresponding bands were observed at 42 kDa. Densitometry analysis demonstrated p-Dg knockdown (50%) in cells
transfected with a Dg iRNA as compared with cells transfected with a control iRNA. Values shown are mean * SEM from three independent experiments (n = 3), respectively.
**P <0.001. (Panel B) HL-60 cells extracts expressing either control RNAi or Dg RNAi were immunolabeled for B-dystroglycan and analyzed for confocal microscopy. Relative
fluorescence units showed a significant knockdown of B-Dg. Values shown are mean + SEM from three independent experiments (n = 3), respectively. *P < 0.002.

parison test (Tukey test) was utilized for data analysis. Statistical
significance was defined as p < 0.05.

3. Results
3.1. Dystroglycan is present in HL-60 cells

To determine the expression of dystroglycan (Dg) in differenti-
ated and non-differentiated HL-60 cells, we performed Western
blot assays using antibodies directed to the C-terminal segments
of o-Dg, B-Dg and BDgPY892. Full-length a-Dg was revealed with
a light band of 160 kDa, HL-60 cells for these assays were cultured
in presence of decanoyl-RVKR-CMK a furin inhibitor; bands corre-
sponding to 85 kDa, 60 kDa and 40 kDa were also detected. B-Dg
and B-Dg phosphorylated on tyrosine 892 (B-DgPY892) were
revealed with the presence of 43 kDa bands in both samples, how-
ever, the band corresponding to HL-60 differentiated cells (dHL-60)
was clearly stronger than that of non-differentiated cells
(ndHL-60) (Fig. 1, Panel A). Relative protein levels showed a
statistical significance between, o-Dg, B-Dg and B-DgpY892 in
dHL-60 and ndHL-60 cells (Fig. 1, Panel A).

To evaluate the subcellular distribution of Dg subunits, double
immunofluorescence (IF) staining and confocal microscopy analy-
sis on dHL-60 and ndHL-60 cells, were performed utilizing anti-
bodies raised against a-Dg, B-Dg and BDgpY892 revealed with
Alexa-Fluor-488 secondary antibody. Actin filaments were identi-
fied with Tetramethyl rhodamine iso-thiocyanate (TRITC)-phalloi-
din. In ndHL-60 cells, a-Dg subunit displayed a punctuated pattern
distributed at the cytoplasm and the plasma membrane where it

co-localized with actin filaments. This distribution was very simi-
lar to the distribution observed in differentiated cells. In both
dHL-60 and ndHL-60 cells, B-Dg was observed with a discrete
patched pattern at the cytoplasm, but in differentiated cells the
label was stronger and was observed mainly located in the nuclei.
Apparently most of the p-Dg corresponded to its phosphorylated
form, which was also increased and mainly located in the nuclei
(Fig. 1, Panel B). The relative fluorescence intensities showed val-
ues statistically significant (Fig. 1, Panel B).

To corroborate the increased level expression of dystroglycan
subunits in non-differentiated and differentiated states observed
by IF and Wb assays, we analyzed messenger RNA (mRNA) expres-
sion of dHL-60 and ndHL-60 cells by quantitative reverse transcrip-
tion PCR (RT-qPCR). Fig. 1, Panel C, shows that mRNA expression of
dystroglycans was significantly higher in dHL-60 cells compared to
ndHL-60 cells (p < 0.05).

3.2. Effect of silencing Dg on dHL-60

As we had determined that there was an increase of Dg in dHL-
60 cells, we attempted to ascertain whether B-dystroglycan is
involved in the physiology of promyelocytic leukemia cells. In
order to test this we analyzed how B-dystroglycan depletion influ-
ences the differentiation process of HL-60 cells by employing a
small interfering RNA (RNAi) to target dystroglycan (Dg RNAi).
The RNAi was co-expressed with GFP to identify unequivocally
individual RNAi-treated cells. As negative control, RNAI that is pre-
dicted not to block the translation of any specific gene was utilized
(control RNAI). Effectiveness of RNAi treatment in reducing
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Fig. 3. B-Dystroglycan-deficient HL-60 cells fail to differentiate. (Panel A) HL-60 cells transfected with control and interference vector were analyzed by confocal microscopy
to evaluate morphological changes in response to knockdown of dystroglycan. (Panel B) The number of filopodia was quantified by the FiloDetect software in 20 HL-60 RNAi-
transfected cells that showed a low number of filopodia in relation to 20 control cells. Values shown are mean + SEM from three independent experiments (n=3),
respectively. ****P < 0.001. (Panel C) The length of filopodia was quantified by the FiloDetect software in 20 HL-60 RNAi-transfected cells that showed shorter filopodia in
relation to 20 control cells. Values shown are mean + SEM from three independent experiments (n = 3), respectively. **P < 0.007. (Panel D) The efficiency of migration was
measured with a Transwell chamber and Dg-depleted HL-60 cells were less motile than control cells. Values shown are mean + SEM from three independent experiments
(n = 3), respectively. *P < 0.05. (Panel E) Phagocytic ability is lost in Dg RNAi treated HL-60 cells compared to control HL-60 cells was evaluated by the internalization of
Candida glabrata labeled with phalloidin-TRITC. Error bars show +SEM, based on a total of three experiments; *p < 0.05. (Panel F) The reduction of nitroblue tetrazolium (NBT)
was measured and quantified by the absorbance at 450 nm of dissolved extracts from control RNAi- or Dg RNAi-treated HL-60 cells. Values shown are mean + SEM from three
independent experiments (n = 3), respectively. **P < 0.07. (Panel G) CD11b levels were determined by flow cytometry. Relative CD11b levels obtained in control RNAi were set

at 100%. Results are the mean + SEM, based on a total of three experiments; *p < 0.05.

B-dystroglycan expression in these cells was evaluated by Wb and
IF assays. Global immunolabeling of B-dystroglycan was reduced
by more than 50% in GFP-expressing cells that co-express Dg-
specific RNAi, compared with control RNAi-treated cells (Fig. 2A).
These levels of knock down are in keeping with studies in other cell
lines using the same targeting sequences [11]. Intensity of the B-
dystroglycan immunoreactive band (~43 kDa) was decreased by
~51% in cell lysates of HL-60 cells transiently transfected with vec-
tor expressing Dg RNAi but not in those expressing the control
RNAi (Fig. 2 Panel A). DMSO-granulocyte-differentiated HL-60
cells exhibit similarities and differences with normal blood

neutrophils [16,17]. In parallel with normal neutrophils, DMSO-
differentiated HL-60 cells exhibit nuclear lobulation, nitroblue
tetrazolium reduction by superoxide anions, enhanced expression
of the cell surface antigen CD11b, and phagocytic capability.

To ascertain whether B-dystroglycan deficiency affects HL-60
function observed in dHL-60, control and B-dystroglycan-depleted
cells were processed for double immunostaining to detect the
presence of morphological changes following differentiation
(Fig. 3, Panel A). The presence of filopodia was visualized in
green with Filopodia_Code software (Fig. 3, Panel A, right side).
B-dystroglycan-depleted differentiated cells exhibited a significant
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diminution in the number of filopodia formed (mean 8 per cell)
compared to control differentiated cells that protruded a mean of
53 per cell (Fig. 3, Panel B), while filopodia length was from
22 pm to 14 pum respectively (Fig. 3, Panel C).

To test the functional significance of the changes in number and
length of filopodia we performed migration assays in Transwell
chamber. Silencing of Dg expression significantly reduced the
migration of dHL-60 cells compared to cells treated with RNA con-
trol. Dg RNAi reduced migration of dHL-60 cells to fMLP to 44.3% in
relation to the RNA control (Fig. 3 Panel D). Similar results have
been found in adherent cell types depleted for dystroglycan when
analyzed for cell migration [11,21]. To assess the ability of cells to
generate Superoxide anion, which is directly related to the differ-
entiation process, we analyzed the ability of cells to reduce soluble
NBT to blueblack insoluble formazan. The intensity of the absor-
bance registered for Dg RNAi in dHL-60 cells corresponded to a
mean value of 0.324, significantly lower than in the HL-60 control
cells, which exhibited a mean value of 0.474 (Fig. 3 Panel D). The
phagocytic activity was present in 52.3% of Dg down-regulated
dHL-60 cells compared to 63.9% of Dg control in dHL-60 cells
(Fig. 3, Panel E). To further confirm if Dg expression affects the
differentiation process in HL-60 cells we monitored the expression
of CD11b, a well-established surface marker for differentiation.
B-dystroglycan-depleted dHL-60 cells showed a diminution in
the expression of CD11b compared to control dHL-60 cells, the
mean values diminished to 63% (Fig. 3 Panel G).

4. Discussion

The human myeloid leukemia cell line (HL-60) has been widely
investigated as a model for inducible cell differentiation and is
capable of chemically induced cessation of cell division; all-
trans-retinoic acid (ATRA) and dimethyl sulfoxide (DMSO) stimu-
late granulocytic differentiation [16,18]. In the present study we
demonstrated that dystroglycans actively participate in the differ-
entiation process.

We characterized the subcellular distribution and pattern of
expression of o- and B-dystroglycan in HL-60 cells. Full length o-
Dg of 160 kDa was visualized only after cells were cultured in
the presence of decanoyl-RVKR-CMK, an inhibitor of proprotein
convertase; it is feasible that this a-Dg cleavage may confer new
functional roles as has been observed for PC12 [19]. Bands corre-
sponding to 160 kDa, 85 kDa, 60 kDa and 40 kDa were identified,
with the 60 kDa band being the most abundant. The expression
levels of a-Dg (160 kDa), B-Dg (42 kDa) and B-DgpY892 (42 kDa)
were increased in differentiated cells compared to non-differenti-
ated cells as confirmed by gRT-PCR which correlated with an
increase in mRNA for dystroglycan in differentiated cells (Fig. 1,
Panel B,b).

DMSO treatment of HL-60 cells leads to a physiologically rele-
vant differentiation process resulting in the cessation of the cell
cycle, the appearance of differentiated granulocyte-like cells and
a change in protein abundance [20]. It is likely that the classes
and relative quantities of proteins present at the cell surface or
other compartments at certain cellular stages are critical to regu-
late cellular functions. The plasma membrane versus the nucleus
for example [21]. The differential expression of o- and B-dystrogly-
can were also evident by immunofluorescence microscopy, inter-
estingly p-Dg and particularly B-DgpY892 were mainly located at
the nuclei of differentiated HL-60 neutrophil cells; these findings
strongly suggest their key participation in transcription processes
that increases protein synthesis as a common feature during
differentiation.

Both dHL-60 and nd-HL-60 cells reveal locomotor behavior.
However, the induced cells migrate faster (comparable rate to

normal neutrophils) and exhibit chemotactic responsiveness,
which are not detectable in ndHL-60 cells [22,23]. Low levels of
B-dystroglycan in dHL-60 cells are accompanied by the mainte-
nance of a circular shape and altered filopodia extrusion as shown
in Fig. 3. Similar phenotypes have also been described for oligoden-
drocytes [24]; in addition, alteration in filopodia number and
length also affect concomitant cell motility. Dystroglycan has been
proposed to be important for the maturation of adhesions into
fibrillar adhesions and therefore in long-term adhesion and migra-
tion cells [25]. Circular shape of dystroglycan-depleted cells might
be a consequence of increased ectopic and depolarized Cdc42 acti-
vation owing to mislocalization of a dystroglycan-Dbl complex,
which leads to a loss of Cdc42 driven polarity [26]. HL-60 chemi-
cally induced differentiation leads to an increase in total cell actin
(including both G- and F-actin), with parallel increases in actin-
binding proteins (i.e., myosin and gelsolin) [27,28]. However,
dHL-60 cells with a reduced level of dystroglycan have fewer
actin-rich protrusions reducing motility and phagocytic capabili-
ties. These changes are likely to be a direct consequence of the
reduction in dystroglycan having an effect on actin cytoskeletal
dynamics, not only through its ability to bind directly and indi-
rectly to actin, but also through its ability to modulate the actin
regulatory machinery through RhoGDI [8,26,29].

During differentiation, various characteristics of the HL-60 cell
phenotype change, as the appearance of neutrophil cell surface
antigens such as CD11b [30], as well as the ability to mount a
plasma membrane oxidative burst in the vicinity of forming phago-
somes [30]. According to our results, both the presence of azuro-
phic granules as well as the percentage of a surface receptor
(CD11b) were diminished compared to control cells, this leads us
to suggest that that dystroglycan is a key protein for the matura-
tion of HL-60 cells.

Our results have clinical implications as, in leukemic cells qual-
itative or quantitative changes in the adhesive properties may con-
fer a proliferative advantage [31] affecting release of blast cells
from the bone marrow microenvironment, thus, facilitating local
proliferation or migration across the vessel wall into the circula-
tion and subsequent development of extramedullary disease [32].
Changes in the expression level of dystroglycans in myeloid cells
from leukemic patients may therefore serve as prognostic or diag-
nostic indicators in the clinic. This possibility is currently under
investigation.
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