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Fig. 6. The mRNA expression Wnt-8B in hMSC, HeLa, and HepG2.

4. DISCUSSION

In this study, effects of the passage number on the gene expression
in hMSC were investigated. At first, c-myc oncogene and Wnt-8B
concerned with cell proliferation and tumorigenesis were noticed by
gene chip analysis (data not shown). Therefore, c-myc oncogene and
Wnt-8B mRNA expressions in four kinds of passage numbers (#1, #3,
#5, and #10) of hMSC were measured by quantitative real time RT-PCR.
Furthermore, nucleostemin that concerned with proliferation of both
stem cells and tumor cells (1) was also investigated. The proliferation
speed of hMSC was lowered with the cell passage number (Fig. 1).

The mRNA expressions of c-myc oncogene, Wnt-8B, and
aucleostemin in 1%, 3%, 5%, and 10™ passage of hMSC were investigated
using quantitative real time RT-PCR. The mRNA levels of c-myc
oncogene were decreased with the passage number from 3" to 10™ (Fig.
3). The mRNA expression of nucleostemin was decreased with the
passage number (Fig. 5). In all three genes, their mRNA expressions of
the stem cells (hMSC) were significantly lower than two kinds of tumor
cells (HeLa and HepG2) (Fig. 2, 4, and 6). In hMSC, Wnt-8B was not
expressed in any passage numbers. Although these results suggest that
change in these expression levels are not directly related to the
tumorigenesis of hMSC, it is discussed that mRNA expression levels of
c-myc oncogene, nucleostenin, and Wnt-8B can be used as an index of

hMSC tumorigenesis.
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EFFECT OF BIODEGRADABLE POLYMER
POLY (L-LACTIC ACID) ON THE CELLULAR
FUNCTION OF HUMAN ASTROCYTES

Naohito Nakamura and Toshie Tsuchiya
Departmetn of Medicdal Devices, National Institute of Health Science; Kamiyoga

1-18-1 Setagaya-ku, Tokyo, Japan

Abstract: The objective of this study is to assay the efficiency and safety of poly (L-
lactic acid) (PLLA) on human neural tissues. We used normal human
astrocytes (NHA) to clarify effects of PLLA on their proliferation and
differentiation. We cultured NHA with PLLA for one week, and
determined NHA cell number and neural cell specific marker genes to
assay their proliferation and development, respectively.

Cell proliferation was determined by tetrazolium salt (MTT) assay. The
cell number of astrocytes cultured with 50 pg/ml PLLA was 70% of
control. It has been suggested that a part of astrocytes had neural
precursor cell- activity that give rise to neuron, oligodendrocyte and
astrocyte. We compared gene expression of neural cell specific markers.
Expression of Nestin, a specific gene for neural precursor cell was
decreased in a dose-dependent manner, while expression of specific genes
for neuron markers and astrocyte markers were not different from that of

control.

PLLA suppressed astocyte proliferation in dose dependent manner. A
neural precursor cell marker decreased when astrocytes weré cultured
with PLLA. These findings suggest that PLLA reduces proliferation and

developmental potential of astrocytes.

Key words:  Astrocyte, PLLA, proliferation, development
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1. INTRODUCTION

Brain and neural clinical hospitality have been rapidly advancing,
including implantation techniques. Otherwise discreditable accidents

sometimes happened. It is necessary to study efficiency and safety of

techniques and materials for brain and neural cell proliferation
and development. Precise mechanisms by which neurogenesis and
gliogenesis are regulated in the central nervous system (CNS) remain to
be elucidated. Telencephalic neuroepithelial cells contain neural
precursors that give rise to the neuronal lineage and the glial lineage,
which includes astrocytes and oliogodendrocytes (1, 2). The fate of
neural precursors in the developing brain is believed to be determined by
intrinsic cellular programs and by external cues, including implantation
of biomaterials and cytokines (3). Doetsch et al. demonstrated that
subventricular zone (SVZ) astrocytes act as neural stem cells in both the
normal and regenerating brain (4). Neural stem cells, endogenously
present in spinal cord in vivo, proliferate in response to injury, yet the
vast majority of newly generate cells are glial fibrillary acidic protein
(GFAP)-positive astrocytes (5). In addition, adult hippocampus-derived
neural stem cells, when implanted into adult brain in such a region
as cerebellum or striatum, have been reported to differentiate
predominantly into glial cells (2, 6, 7).

Biodegradable polymers have been attractive candidates for
scaffolding materials because they degrade and the nmew tissues are
formed, although adverse events such as foreign-body reaction,
inflammation and tumor formation were reported in clinical human and
animal study. These scaffolds have shown great promise in the research
of engineering a variety of tissues. Biodegradable polymer poly (L-lactic
acid) (PLLA) is frequently implanted in cranial surgery etc. However, to
engineer clinically useful tissues and organs is still a challenge. The
understanding of the principles of scaffolding is far from satisfactory,
still more its effect and safety on neural tissues are not known. We
previously reported PLLA suppressed proliferation and differentiation
of fetal rat midbrain neural precursor cells (8). In this report, we
investigated the effect of PLLA on normal human astrocytes (NHA).

2. MATERIALS AND METHODS

Astrocyte cell culture
We used normal human astrocyte (Camblex Bio Science,
Walkersville, MD). NHA were seeded into 12-well plates for
quantitative RT-PCR at a density of 2 x 10*/well, or 24-well plates for
MTT assay at a density of 1 x 10%well in ABM medium(Cambrex Bio
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Science) supplemented with 5% FCS, fhEGF and IGF, and cultured in a
humidified atmosphere of 5% CO, in 95% air at 37°C.

PLLA preparation _
Stock solutions of PLLA were made in dimethyl sulfoxide
(DMSO) and final concentration of DMSO was 0.1%; this concentration
did not affect proliferation and development of NHA. Control cultures
were incubated with 0.1% DMSO. Stock solutions of lactic acid and tin
chloride were made directly in ABM medium.

MTT assay :

After cell culturing for 1 week with PLLA, the viability of NHA
cells was determined by MTT assay. The TetraColor ONE (Seikagaku
Kogyo, Tokyo, Japan) was used to measure changes of cell numbers.
This assay is a nonradioactive alternative to tritium-thymidine
incorporation. The system measures the conversion of tetrazolium salt
compound into a soluble formazan product by the mitochondria of living
cells,. NHA in 24-well plates were cultured as described above. One
week after NHA cultured with vehicle or PLLA, the media were
replaced with 300 pl of fresh medium containing 6 pl TetraColor ONE
reagent. After 2h, samples were measured in a micro plate reader.

Expression of neural cell marker genes

Total RNA was prepared from NHA using a modified acid
guanidium thiocyanate-phenol-chloroform method. The total RNA
treated with RNase-free DNase (Boehringer Mannheim, Mannheim,
Germany) were subjected to reverse transcription using oligo d(T)
primer (Toyobo, Tokyo, Japan) and superscript II reverse transcriptase
(Gibco BRL, Gaithersburg, MD) at 42°C for 30 min followed by RNase
H treatment. Aliquots of the cDNA (1/20) were used as templates for
PCR analysis using Lightcycler system (Roche, Mannheim, Germany).
PCR amplification was performed in a total volume of 20 pl mixture
including 1 pl of RT reaction, 2 pl Light Cycler-Fast Start Reaction Mix
SYBR Green. 1(Roche, Mannheim, Germany), 0.5 uM/liter of each
primer, and 3 mmol/liter MgCl,. The PCR program consisted of 40
cycles of 8 sec at 94°C, 5 sec at 65°C, 10 sec at 72°C. Primer sequences
for amplification are 5’- CTAAGGAGGAGATTGGACAGG-3’ and
5 AGTGGTGGCAGTGATTT CAGT-3’ for Num-1. amplification,
5. TCCGCTGCTCGCCGCTCCTAC-3"and 5°- ‘ :
TCATCTCTGCCCGCTCACTGG -3° for GFAP amplification, 5°-
TCGCCCTGCCCACTTGACTTC-3’ and 5°-
TTCCACACCTCCACGCTC TGA-3° for Id-3 amplification, 5’-
GAGATCAGAGCCCAGGATGCT-3’ and - 5
CTGAGGGGTGGTGCCAAGGAG -3° for Nestin amplification, 5’-
ACCACAGTCCATGCCATCAC-3’ and 5%-
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TCCACCACCCTGTTGCTGT A-3’ for GAPDH. RNA preparation and

RT-PCR in the present study were performed in triplicate.

Statistical analysis

The Fisher’s PLSD was used to compare the PLLA

concentration and relative expression levels of neural specific

marker mRNA.
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Fig. 1 Effect of PLLA on NHA proliferation (A) PLLA 3.000
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3. RESULTS AND DISCUSSION

NHA proliferation ' ‘

We used three kinds of PLLA. PLLA 3000 (PLLA, Mw 3000)
ismade without catalyst. PLLA 6000-(PLLA, Mw 5000) is made
with organic tin catalyst. PLLA 11000 (PLLA, Mw 11000) is made with
catalyst tin chloride, contains 590 ppm tin. After a week culture with
PLLA, we detected cell number of NHA using MTT assay. Cell numbers
were decreased in a dose-dependent manner of PLLA (Fig. 1A-C).
The cell number of NHA cultured with 50 pg/ml of PLLA 3000, PLLA
5000 and PLLA 11000 were 15%, 70% and 7.8% of that of control
respectively. - '

Whether tin ion included in PLLA affected NHA proliferation or
riot, we added tin chloride to NHA culture medium (Fig. 1D). The
concentration’ of tin chloride at 50 ng/ml did not affect NHA
proliferation. PLLA is hydrolysed in medium, we assayed lactic acid
(LA), a monomer of PLLA was also tested by the MTT assay using
NHA cells. (Fig. 1E). There was no effect on the cell number of NHA
culture with LA monomer. The cause of PLLA effect for NHA was
neither included tin ion nor degraded LA monomer. It was probably the
effect of PLLA itself and/or degraded LA oligomers. ‘

" Lam and his co-workers demonstrated that predegraded PLLA

(P-PLLA; 25 kGy gamma-irradiation) caused signs of cell damage, cell
death, and cell lysis due to phagocytosis of a large amount of P-PLLA
particles (9). Phagocytosis of LA oligomers or degraded PLLA particles
may affect the proliferation and development of NHA. It is necessary to
know culture medium with PLLA contains how much PLLA particles,
PLLA oligomer and organic tin.

Gene expression of neural cell specific markers

It has been suggested that a part of astrocytes contain neural
precursor cell activity that give rise to neuron, oligodendrocyte and
astrocyte itself. The recent discovery of stem cell populations in the
CNS has generated intense interest, since the brain has long been
regarded as incapable of regeneration (5, 10, 11). Neural stem cells
(NSCs) have capability for expansion and differentiation into astrocytes,
oligodendrocytes, and neurons in vitro (12, 13). NSCs have been
suggested to have therapeutic potential for central nervous system
regeneration (14-16).

They express their original specific genes, neural cell specific
markers. Neural precursor cells express Nestin, a class IV intermediate
filament protein. Differentiated neuron expresses Nurr-1, a transcription
factor and 1d-3, a transcription inhibitory factor. Astrocyte expresses
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Fig. 2 Effect of PLLA on neural specific gene expression.
(A) Nestin (B) Nurr-1 (C) GFAP (D) 1d-3

GFAP, a glial filamentous acidic protein. We compared gene expression
of neural cell specific markers. Expression of Nestir, a neural precursor
cell marker decreased with the dose of PLLA5000. The expression of
Nestin in NHA cultured with 50 pg/ml PLLA was 30% of control (Fig.
2A). Expressions of the other genes that assayed in this study were
similar to control (Fig. 2B-D).

Expression of Nestin was decreased when NHA were cultured with
PLLA suggested that PLLA decreased population of neural precursor
cells. There were two kinds ‘of possibilities. (1) PLLA leads NHA to
gliogenesis. Nakashima et al. reported that Gliogenesis significantly
reduced the number of cells expressing Nestin and the number of cells
expressing microtubule-associated protein 2 (MAP2), a neuronal marker.
(2) When neural precursor cells specifically phagocytosed PLLA, they
go to programmed cell death, apoptosis or loose their developmental
potential as neural precursor cells. Lam et al. demonstrated that- PLLA
caused signs of cell damage, cell death, and cell lysis due to
phagocytosis of a large amount of P-PLLA particles. Phagocytosis of
PLLA may affect proliferation and development of NHA.
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Nano-level imaging for analyzing protein structure and function
'Hidezo Mori, 'Naoki Mochizuki, *Soichi Takeda,
Hiroyasu Inoue, *Shun Nakamura, ‘Toshie Tsuchiya
'National Cardiovascular Center Research Institute
*Faculty of Human Life and Environment, Nara Women's University
*National Center of Neurology and Psychiatry
‘National Institute of Health Sciences

Abstract
The present manuscript outlines the nano-level imaging project, which is under
promotion by the three national research institutes and supported by a research grant
from the Ministry of Health, Labor and Welfare (nano —001). This research project targets
collecting fundamental information regarding comprehensive understanding of cardio-
" vascular, neurological and the other disorders, developing new diagnostic and therapeutic
methods by visualizing protein structure and function in atomic(sub—nano level) or
molecular (nano—level) resolution. The results of the current projects will be extended
into drug design, clinical diagnostic technology and medical materials in near future.
Key words: nano—technology, structural biology, drug design, protein crystallography,
taflor-made medicine
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Changes in expression of genes related to cell proliferation in human

“

mesenchymal stem cells during in vitro culture in comparison with

cancer cells

Abstract We investigated the expression levels of several
genes related to cell proliferation in human mesenchymal
stem cells (hMSCs) during in vitro culture for use in clinical
applications. In this study, we focused on the relationship
between hMSC proliferation and transforming growth fac-
tor B (TGFP) signaling during in vitro culture. The protif-
eration rate of hMSCs gradually decreased and marked
changes in hMSC morphology were not observed in 3
months of in vitro culture. The mRNA expressions of
TGFB1, TGFP2, and TGFp receptor type I (TGFBRYI) in
hMSCs increased with the length of cell culture. There had
been no change in the TGFpB3, TGFBRII, and TGFARIII
mRNA expressions by the 12th passage from the primary
culture (at about 3 months). The mRNA expression of
Smad3 increased, but those of c-myc and nucleostemin de-
creased with the length of AMSC in vitro culture. In addi-
tion, the expression profiles of the genes that regulate
cellular proliferation in hMSCs were significantly different
'from those of cancer cells. In conclusion, hMSCs derived
from bone marrow seldom underwent spontaneous trans-
formation during 1-2 months of in vitro culture for use in
clinical applications. In hMSCs as well as in epithelial cells,
growth might be controlled by the TGFB family signaling.

Key words Stem cells - Cell proliferation - TGFp signaling -
TGFp receptors

Introduction

Several recent studies demonstrated the potential of
bioengineering using somatic stem cells in regenerative
medicine.”? Bone marrow includes both mesenchymal and
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hematopoietic stem cells. Adult human mesenchymal
stem cells (hMSCs) derived from bone marrow have the
pluripotency to differentiate into cells of mesodermal ori-
gin, e.g., bone, cartilage, adipose, and muscle cells."” More-
over hMSCs also have the capacity to differentiate into
myocytes,*” hepatocytes,”® and neural cells.’ In addition,
because they are comparatively easy to expand ex vivo,
hMSs have many potential clinical applications, not only in
the field of orthopedic surgery but also for the treatment of
cardiac infarction, cirrhosis, and diabetes. On the other
hand, stem cells possess a self-renewal capability similar to
that of cancer cells.” Recently Rubio et al.'® reported spon-
taneous transformation of human adult stem cells derived
from adipose tissue in long-term (4-5 months) in vitro cul-
ture. In practice, if h(MSCs are to be used for clinical appli-
cations and tissue-engineered medical devices, they have to
be expanded in vitro for about 1-2 months. The prolifera-
tion ability and the gene expression profile of hMSCs, how-
ever, might change during in vitro culture. In this study, we
focused on the relationship between hMSC proliferation
and transforming growth factor B (TGFB) signaling during
in vitro culture. TGFB is a multifunctional protein that
regulates cellular proliferation, differentiation, apoptosis,
development, extracellular matrix formation, immuno-
suppression, and tumorigenesis. In humans, three TGFB
isomers have been identified: B1, B2, and p3. TGFp signals
through three high-affinity cell surface receptors: TGF3
type 1 (TGFBRI), type II (TGFBRII), and type I
(TGFBRIII) receptors. TGFBRI and TGFPRII are serine-
tyrosine kinases. TGFBRIII is known to be a betaglycan."
TGFBs are first bound to TGFBRII and TGFBRIIL? It
has been considered that TGFBRIII regulates access to
TGFBRIL™™ and then TGFp signal transduction in the
cellular pathway is started through stimulation of TGFBRI
by TGFBRIL After that, activated TGFPRI phosphorylates
Smad2 or Smad3, which are receptor-regulated Smads
(R-Smad) activated by TGFp and activin.®® After Smad4,
which is a common mediator Smad (C-Smad), is connected
to phosphorylated R-Smads, the complex is transported to
the cell nucleus and influences the transcription activity of
TGFB-dependent genes.™® c-myc, which is one of the
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TGFp-dependent genes, is regarded as an oncogene and
regulates cellular proliferation. In the present study, there-
fore, we investigated whether the gene expression levels of
three TGFp-isomers (TGFp1, TGEP2, and TGFp3) and
their receptors (TGFPRI, TGFpRIIL, and TGFBRII),
Smad3 and c-myc were changed in hMSCs during in vitro
culture.

Wnt-8B is related to cell self-renewal and tumorigen-
esis,” and Wnt proteins can act as stem cell growth factors.”
Wht signaling activates the genes that promote prolifera-
tion (c-myc and others) by accumulating B-catenin in some
kinds of stem cells and cancer cells.” Nucleostemin is in-
volved in proliferation in both stem cells and cancer cells.”®
Therefore we also investigated the gene expression levels of
Whnt-8B and nucleostemin in hMSCs.

In addition to investigating the expression of these genes
r  ing to cellular proliferation in hMSCs during in vitro
cunure, we compared them with those in two kinds of can-
cer cell lines, HeLa S3 (a human cervical cancer cell line)
and HepG2 (a human hepatoma cell line).

Materials and methods

Cell culture. Human mesenchymal stem cells (hMSCs) de-
rived from bone marrow were purchased from Cambrex
Bio Science (Walkersville, MD, USA). Their donor was an
African American woman aged 19 years. The cells that we
obtained from Cambrex Bio Science were second-passage
cells. The hMSCs were cultured in mesenchymal stem
cell basal medium (MSCBM; Cambrex Bio Science) sup-
plemented with mesenchymal cell growth supplement
(MCGS; Cambrex Bio Science), L-glutamine, and 100 U/ml
penicillin-streptomycin at 37°C under a 5% CO, atmo-
sphere: The cells were seeded at a density of 6000 cells/cm’
. .were subcultured when they were just subconfluent
(approximately 90% confluent) up to the 10th passage, cor-
responding to the 12th passage from when the hMSCs were
collected from the donor. The human cervical carcinoma
cell line HeLa S3 (JCRB Cell Bank, Osaka, Japan) was

Table 1. Primers and annealing temperatures used for real-time PCR

cultured using Ham’s F-12 culture medium (Dainippon
Pharmaceutical, Osaka, Japan) containing 10% fetal bovine
serum (FBS) (Intergen, Purchase, NY, USA) and 100U/ml
penicillin-streptomycin (Invitrogen, Carlsbad, CA, USA).

The human hepatoma cell line HepG2 (Riken Bioresource — -

Center, Tsukuba, Japan) was cultured using minimum es-
sential medium (MEM) (Nissui Pharmaceutical, Tokyo,
Japan) containing 0.1mM nonessential amino acids
(NEAA) (Invitrogen), 10% FBS (Intergen), and 100U/ml
penicillin-streptomycin (Invitrogen).

Preparation of total RNA. Because the purchased hMSCs
had been expanded in the manufacturing process as de-
scribed above, we express the 1st passage of the hMSCs in
this study as the 3rd from the primary culture. For quantita-
tive real time-polymerase chain reaction (RT-PCR), total
RNA was extracted from hMSC cultures during the 31d,
5th, 7th, and 12th passages from the donor with Isogen
(Nippon Gene, Toyama, Japan). Total RNA was also ex-
tracted from HeLa S3 and HepG2 cells once only with
Isogen (Nippon Gene).

Quantitative RT-PCR. RNA was then reverse-transcribed
into cDNA using a First Strand cDNA Synthesis Kit for
RT-PCR (AMV) (Roche Diagnostics, Basel, Switzerland).
Primers and annealing temperatures for the c-myc
oncogene, nucleostemin, Wnt-8B, transforming growth fac-
tor (TGF)B3, and TGFBRIII are summarized in Table 1.
Amplifications were carried out for 10s at 95°C, for 15s at
each annealing temperature, and for 12s at 72°C for
40 cycles. Amplifications of TGFp1, TGFp2, TGFBRI,
TGFBRII, and Smad3, plus glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as a housekeeping gene, were
performed using Light Cycler Primer Sets (Roche Diagnos-
tics). PCR was performed in Light Cycler Fast Start DNA
Master SYBR Green I (Roche Diagnostics) in a Roche
Light Cycler (software version 4.0).

Statistical analysis. All results are shown as means + SD.
The significance of the differences in mean values was
evaluated by Student’s ¢ test.

Gene name GenBank Primer Nucleotide sequence Starting Size for the Annealing
accession orientation sequence PCR temp. (°C)
number position amplicon(bp)
c-myc V00568 Forward 5. GCG AAC ACA CAA CGTC-¥ 1626 315 50
Reverse 5. CAA GTT CAT AGG TGATTG CT -3 1940
nucleostemin X91940 Forward 5. CCA TTC GGG TTG GAG TAA -%' 782 284 50
Reverse 5. CTG TCG AGC ATCAGCC-3 1065
Wnt-8B NM_014366  Forward 5. AGT GAC AAT GTG GGCT -3 331 244 60
) Reverse 5. CGT GGT ACT TCT CCT TCA G -3’ 574
TGFB3 " NM_003239  Forward 5- AAA CAC CGA GTC GGA A -3 535 284 60
. Reverse 5. TGC CAC CGA TAT AGCG -¥ 818
TGFBRIII NM_003243 Forward 5. TCC CTA TCC CGC AAG C -3 2369 189 60
Reverse 5- AGA TTA TCG AGG CGT CC -3 2557

PCR, polymerase chain reaction; TGFp3, transfroming growth factor p3; TGFBRILL, TGFp recepter type It



Results

The proliferation rate of hMSCs decreased with the length
of in vitro culture (Fig. 1). The effects of the in vitro culture
term on hMSC proliferation and the mRNA expressions of
three TGFp isomers (TGFB1, B2, B3) and their receptors
type I, II, and 1II (TGFBRI, RII, RIII) in hMSCs were
investigated (Fig. 2). The mRNA expressions of TGFp1,

TGFB2, and TGFBRI increased with the length of cell cul-

ture (Fig. 2A,B,D), but there had been no change in the
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Fig. 1. Proliferation of human mesenchymal stem cells (hMSCs) in the
3rd, 5th, 7th, and 12th passages. hMSCs were seeded at 1.7 x 10° cells/
F 60-mm dish (6000 cells/cm®), and cells were counted after 2, 4, and 8
days. The initial cell number (0 days) is expressed as 1, and the other
cell numbers (2, 4, and 8 days) are expressed relative to that of day 0.
n=3
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TGFfB3, TGFBRII, and TGFPRIII mRNA expressions by
the 12th passage (at about 3 months) (Fig. 2C,E,F). In addi-
tion, the mRNA expression of Smad3, which is one of the
R-Smads activated by TGFB and activin, in hMSCs was
investigated. The mRNA expression of Smad3 decreased
in the 5th and 7th passages of hMSCs but increased in the
12th passage (Fig. 3). The mRNA expressions of c-myc in
hMSCs were higher in the 5th and 7th passages than in the
3rd and 12th passages (Fig. 4A). The mRNA expressions of

nucleostemin in hMSCs decreased with the length of cell

culture (Fig. 4B).
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Fig. 3. Effect of in vitro culture length on mRNA expression of Smad3
in hMSCs. The expression of Smad3 relative to GAPDH in confluent
cultures of hMSCs in the 3rd, 5th, 7th, and 12th passages was investi-
gated by quantitative RT-PCR. Mean values with SDs are presented.
Asterisks denote statistically significant differences compared with the
3rd passage (*P < 0.05)
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