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Measurements of blood flow by ultrasound for urologic organs
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Abstract

Since the second-generation ultrasound contrast agent Sonazoid® has a stable shell, it enables visualization of the urologic
vasculature for a long period of time. We therefore evaluated changes in contrast-enhanced ultrasound (CEUS) imaging
of urological organs. It is used for the diagnosis of renal function by enhancing small normal blood vessels. Also,
pathological changes in blood vessels are diagnosed by enhancing abnormal vessels. Furthermore, it is applied to spread
of renal function and prostatic function and is used for graft function and pharmacological evaluation, respectively. The
blood-flow distribution and tumor itself in the case of renal and prostatic tumors are also enhanced. It is expected that
effective use of the ultrasound contrast agent will increase the diagnostic rate of renal cell carcinoma and the positive rate

of prostate biopsy and lessen the number of biopsy sites.
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Abstract

The development of a safe and efficient method for isolation of mesenchymal
stem cell (MSC) subsets is essential for optimal stem cell therapy. The potential
utility of granulocyte-colony stimulating factor (G-CSF) induced mobilization
method has been demonstrated in isolation of MSC subsets from dental puip.
The mobilized dental pulp stem cells (MDPSCs) were enriched for MSC subsets
with higher regenerative potential compared with colony-derived dental pulp stem
cells (DPSCs). This investigation aimed to examine the efficacy of the G-CSF-
induced mobilization method for isolation of MSC subsets from other tissues
such as bone-marrow and adipose tissue. The mobilized MSCs represented
significantly higher rate of CXCR4* and G-CSFR* cells, higher proliferation
and migratory activity and higher expression of Sox2 than corresponding
colony-derived MSCs. Trophic effects of mobilized MSCs, including enhanced
proliferation, migration, anti-apoptosis, angiogenesis and neurite extension,
were also higher in mobilized MSCs compared to colony-derived MSCs,
correlating with higher expression of trophic factors. Each of mobilized MSCs
induced higher angiogenesis/vasculogenesis and pulp regeneration in ectopic
tooth transplantation model. Thus, the G-CSF induced mobilization method for
isolation of MSC subsets is efficient and appears to be a significant advance

independent of tissue origin.

Keywords: Dental pulp stem cells; Bone marrow-derived stem cells;
Adipose-derived stem cells; Granulocyte-colony stimulating factor (G-CSF);
Mobilization; Trophic factor; Pulp regeneration

Introduction

MSCs present a promising tool for cell therapy, and are currently
evaluated in clinical trials for myocardial infarction, stroke, meniscus
repair, limb ischemia, graft-versus-host disease and autoimmune
disorders [1]. MSCs have been found in many other tissues,
including peripheral blood, dental pulp, adipose tissue, umbilical
cord blood and corneal stoma [2]. Among these cell sources, bone
marrow-derived stem cells (BMSCs) have been known for potential
therapeutic use [2]. However, adipose-derived stem cells (ADSCs) are
becoming an attractive alternative to BMSCs due to easy accessibility
and availability in the body [3]. Recently, to obtain the MSCs in
a closed system, new methods have been developed, including
a MSC separation device for bone marrow [4] and Celution™
system for adipose tissue [5]. These devices have the advantage of
direct application of the isolated MSCs without further expansion.
Their stem cell properties, however, have been demonstrated to be
similar to those of colony-derived MSCs [4,6]. Furthermore, a large
amount of adipose tissue is necessary to isolate adipose MSCs by the
Celution™ system [5]. Age-related decrease in the number of BMSCs
is known [7], and functionally active ADSCs is reduced in obesity [8]
and aged patients [9].

MSCs are heterogeneous subsets of stromal stem/progenitor cells
[10]. Potential utility of some MSC subsets have been demonstrated
for enhanced regeneration, including Lin/c-kit* MSCs in infarcted

myocardium [11], STRO-1PMSMTVCAM-1* population in bone
formation [12], CD31 side population (SP) cells in ischemic
cerebrum and ischemic hindlimb [13] and CD105* MSCs in
pulpectomized tooth [14]. These MSC subsets, however, were isolated
by flow cytometer, which has a risk of microbial contamination
and unfavorable effects for clinical use [4]. CD34* MSCs by use of
CliniMACS" are only available for clinical application [15].

We have recently developed a novel, efficient and safe method,
using G-CSF-induced mobilization to isolate a therapeutically active
subset of dental pulp stem cells (DPSCs) from a small amount of pulp
tissue in canine [16] and human [17]. The subset of DPSCs, named
mobilized DPSCs (MDPSCs), were enriched for C-X-C chemokine
receptor type 4 (CXCR4) and granulocyte-colony stimulating factor
(G-CSF) receptor (G-CSFR) positive cells, and demonstrated higher
regenerative potential compared with non-isolated colony-derived
DPSCs (DPSCs). There has been no study, however, on isolation of
BMSC and ADSC subsets by G-CSF induced mobilization method.
G-CSF stimulates in vitro migration of BMSCs, dependent on their
G-CSFR expression [18]. G-CSF enhances migration of intravenously
infused MSCs to infarcted heart in rat [19]. G-CSF application
also shows significantly higher migration of c-kit* BMSCs towards
ischemic heart tissue in an in vitro model [20]. A subpopulation,
CD31" SP cells were isolated from porcine dental pulp, bone marrow
and adipose tissue of the same individual using the same isolation
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and culture method [13]. The aim of this investigation is to evaluate
the efficacy of the G-CSF-induced mobilization method for isolation
of MSC subsets from bone-marrow and adipose tissue and compared
with dental pulp tissue. Therefore, we compared the stem cell
properties, trophic effects, and regenerative potential of mobilized
MSCs with corresponding colony-derived MSCs, respectively.

Materials and Methods

This study was approved by the ethics committees and the animal
care and use committees of the National Center for Geriatrics and
Gerontology and Aichi Gakuin University. All experiments were
conducted using the strict guidelines of the DNA Safety Programs.

Cell isolation and culture conditions

The pulp tissue from premolar teeth, the bone marrow and adipose
tissue were isolated from the same individual porcine mandible. Then,
primary cells was cultured from each tissue with slight modification of
our previous method [21]. In brief, approximately 1 g of pulp tissue,
3 g of bone marrow, and 5 g of adipose tissue were minced into pieces
and then enzymatically digested in 0.2% collagenase (Worthington,
Lakewood, NJ) for 30 min at 37°C. The cells were passed through
70 pum nylon mesh (Cell Strainer; BD Biosciences, Franklin Lakes,
NJ) and their viability was determined by trypan blue staining of
the cells. The isolated cells were plated at colony-forming density
(< 1x10* cells/ml) on 35 mm dishes (BD Biosciences) in Dulbecco’s
Modified Eagle’s Medium (DMEM) (Sigma Aldrich, St. Louis, MO)
supplemented with 10% fetal bovine serum (FBS) (Life Technologies,
Carlsbad, CA). These colony-derived dental pulp, bone marrow and
adipose MSCs were named DPSCs, BMSCs and ADSCs, respectively.

The mobilized subsets of DPSCs, BMSCs and ADSCs
(MDPSCs, MBMSCs and MADSCs) were further isolated by G-CSF
(NEUTROGIN’; Chugai Pharmaceutical Co., Ltd. ,Tokyo, Japan)
induced stem cell mobilization [16,17]. Briefly, the upper chamber,
Costar Transwell' (Corning, Lowell, MA) which was chemically
pretreated to prevent cell attachment, was inserted into 24-well tissue
culture plate (BD Biosciences) as the lower chamber. The colony-
derived MSCs (DPSCs, BMSCs and ADSCs) (1.5x10* cells/100 pl in
DMEM) at the second passage of culture were added to the upper
chambers and DMEM supplemented with 10% FBS and G-CSF (100
ng/ml) was added to the lower chambers. After 48 h of incubation,
the medium was changed into DMEM supplemented with 10% FBS
without G-CSF. Isolated mobilized MSCs and colony-derived MSCs
were detached at 60-70% confluence by incubation with 0.05%
Trypsin-EDTA (Life Technologies) and subcultured at a 1:4 dilution
under the same conditions. In this study, all cells were cultured in a
humidified 37°C, 5% CO, incubator (Panasonic, Osaka, Japan). To
evaluate the colony-forming efficiency of each mobilized MSCs and
colony-derived MSCs, 5x10? cells/ml were seeded at the 5 th passage
of culture on 6 cm dish in DMEM supplemented with 10% FBS. After
4 days of culture, aggregates of 210 cells were scored as colonies.

Flow cytometric analysis

The mobilized MSCs were characterized at the 6-7 th passage of
culture, in comparison with colony-derived MSCs by flow cytometry
(FACS Canto II; BD Biosciences). They were immunolabeled for 60
min at 4°C with a rabbit IgG negative control (Alexa488) (#4340)
(Cell Signaling technology, Beverly, MA), a mouse IgG2a negative

control (FITC) (RTK4530) (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany), a mouse IgG2b negative control (Alexa488)
(MCA928PE) (Abcam, Cambridge, UK), and the antibodies against
CD105 (Alexa488) (orb10285) (Biobyt, Cambridge, UK), CXCR4
(FITC) (12G5) (R&D Systems, Inc., Minneapolis, MN), G-CSFR
(Alexa488) (S1390) (Abcam). Only viable cells as determined by
propidium iodide (PI) exclusion were gated and analyzed.

Real-time RT-PCR for stem cell makers, and angiogenic/
neurotrophic factors

Total RNA was extracted with Trizol (Life Technologies) from
each of the stem cell sources. First-strand cDNA syntheses were
performed on the total RNA of these cells by reverse transcription
using the ReverTra Ace-a (Toyobo, Tokyo, Japan) at 30°C for 10 min,
42°C for 20 min and 99°C for 5 min after DNase I treatment (Roche
Diagnostics, Pleasanton, CA) at 37°C for 20 min and 0.2 M EDTA
treatment (Toyobo) at 70°C for 20 min. Real-time RT-PCR was
performed at 95°C for 10's, 65°C for 15 s and 72°C for 8 s. Amplified
cDNA were labeled with Light Cycler-Fast Start DNA master SYBR
Green I (Roche Diagnostics) in a Light Cycler (Roche Diagnostics).
As stem cell markers, Sox2 and chemokine (C-X-C motif) receptor 4
(CXCR4)were examined. The mRNA expression of the angiogenic and
neurotrophic factors, matrix metalloproteinase (MMP)-3, vascular
endothelial growth factor (VEGF), granulocyte-colony stimulating
factor (G-CSF), brain-derived neurotrophic factor (BDNF), glial cell
derived neurotrophic factor (GDNF), and neuropeptide Y (NPY) were
also performed. The primers were used as demonstrated previously
[14,22,23] except G-CSF (Forward: 5’ CTGGACTGGGAGGTAGTTG
3’; Reverse: 5 CTTAGGGTAGGGGTTCACTC 3°). The mRNA
expression was normalized with B-actin. The RT-PCR product of
G-CSF was subcloned into the pGEM-T easy vector (Promega,
Madison, WI) and confirmed by sequencing.

Migration and proliferation assays

The migratory activity of each of mobilized MSCs to G-CSF was
compared with corresponding colony-derived MSCs by horizontal
chemotaxis assay using TAXIScan-FL (ECI, Inc., Kanagawa, Japan)
as described previously [14]. Each of MSCs (1x10° cells/ml) was
placed into the single hole, and 10 pg/ml of chemotactic factor (1 pl)
was placed into the contra-hole. The video images of cell migration
were taken for 24 h.

The proliferation activity in response to FBS of each of mobilized
MSCs was compared with corresponding colony-derived MSCs at the
6-7 th passage of culture at 1x10° cells per 96 well in the presence
of 10% FBS. Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) was
added to the 96-well plate (BD Biosciences) and the cell numbers were
measured at 2, 12, 24, 36 and 48 h of culture by Appliskan (Thermo
Scientific, Walthan, MA) with the excitation filter set at 450 nm.

Endothelial cell differentiation and neuronal differentiation
in vitro

The differentiation potential into endothelial cell [23] and neuron
[22] was performed with slight modification of our previous method.
In endothelial cell differentiation, each of MSCs at the 6-7 th passage
of culture 1.0x10*cells/50 pl were seeded on a 96-well plate spread
out the matrigel (BD Biosciences) in inducer medium. Network
formation was observed after 9 h cultivation. The mean lengths of
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