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Abstracts

We studied rat femur bone marrow stroma cells (BMSCs) and microenvirenment turnover in
capsaicin (CAP)-conditioned media in vitro. Proliferation, differentiation and TRPV1 expression at the
mRNA level (RT-PCR) of conditioned BMSCs, and pH changes and calcium assay of the conditioned
culture media were examined, the obtained data were statistically analyzed. Elapsed time-dependent cell
proliferation of BMSCs peaking at day 10 was observed in alkaline phase and 37°C microenvironment.
Although there were no significant differences of proliferation in different conditions on designated
experimental days, day 10 was the turning point of proliferation phase where intermittent administration
of 25pM CAP resulted in the least amount of cell proliferation than other culture conditions on day 14.
The present RT-PCR study revealed expression of TRPV1 mRNA during 3 to 4 days (either day 3 or
day 7) after single or intermittent exposure under 25uM CAP. This study elucidated that by intermittent
addition of 25pM CAP into the culture medium, the CAP-sensing TRPV1 of the rat BMSCs was
activated to significantly mediate Ca” influx leading to cell death, and the TRPVI was desensitized
between day 7 and day 10 in vitro.
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Introduction

It is known that bone marrow is capable
of regeneration because it contains endothelial
cells, hematopoietic stem cells and marrow
stromal cells (bone marrow stromal cells;
BMSCs), which can differentiate into
fibroblasts, adipose, reticular and
hematopoietic cells, cartilage-like and bone-
like colonies in vitro "“.Mesenchymal stem
cells (MSCs) in the bone marrow (bone
marrow-derived mesenchymal stem ells) are
defined to be undifferentiated cells having
potential to differentiate to lineages of
™, Some studies have
elucidated that BMSCs are differentiated
progenies of the MSCs, and act as a supportive

mesenchymal tissues

matrix, determining proliferation and cell
lincage development. Further, it is found the
BMSCs having high adhesive ability to the
dish floor differentiated into osteocytic
lineages in the present of serum-containing

medium >,

Various forms of stimuli, including
chemical (i.e., dexamethazone, B-glycerophos
phate and mediators) and physical (i.e.,
mechanical stretch) stimuli, are found to
induce cell proliferation, differentiation and
transdifferentiation or tissue formation of
BMSCs **", However, when disturbance
of the microenvironment of a culture system
occurs, cell proliferation would be restricted
orfand is followed by either apoptosis or

necrosis of culture cells .

Transient receptor potential (TRP) channel

family contains many non-specific (general)
lipid-gated cation channels that plays a central
role in calcium ion (Ca™) homeostasis in
virtually all cells Some studies on TRP
vanilloid (V)-1 receptor (VR1; TRPV subtype
1; TRPV1) have shown that the polymodal

nociceptor is a non-selective ligand-gated

18,19

cation channel can be activated by N-vanillyl
8-methyl-1-nonenamide (capsaicin),
emperature higher than 43°C, low pH (acidic)
environment and other exo- and endo-genous

stimuli "*

. Many former capsaicin studies
were performed in vivo, and consisted of
capsaicin applications on rat or human skin,
which were then examined for degrees of

®  Treatment with 3

inflammation and pain **
to 30uM capsaicin, which is the main
ingredient of pepper, produces a painful,
burning sensation by inducing depolarization
of TRPV! nociceptor and activation of the
capsaicin-gated ion channel. This then causes
the increase of Ca*’ concentration in stimulated
cells ™™, Some studies on neural and lung
cells cultured in 20uM (48 h) or 50 to 100pM
(24 'h) capsaicin, have shown apoptosis and
cell death related with excessive influx of Ca”
, decrease in endoplasmic reticulum (ER) Ca”
content, accumulation of proteins in ER lumen
and load in organelles of TRPVI-
7%, On the other

hand, the capsaicin compound is used

overexpressing cells in vitro

therapeutically in desensitization of

nociceptive pathways .

TRPV1 was formerly thought to be

expressed only in nervous tissue, but recent
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studies elucidated that the receptor is also
expressed in non-nervous tissues and cells of
the bladder, kidney, stomach, spleen and other
organs “***, However, there are no studies
that showed the expression of TRPV1 in
BMSCs. The present study was undertaken
with an aim to examine histological changes
and tummover of BMSCs from rat femurs
cultured in capsaicin-supplemented conditions,
as well as those of the microenvironment ir

Vitro.

Materials and Methods
Materials
Cell preparation

Bone marrow samples were sterilely
obtained from the fermur of rats (5-week-old,
male, Slc:Wistar; Shimizu Lab Supplies,
Kyoto, Japan). The protocol (No. 06-08002:
Culture of rat bone marrow stromal cells)
was approved by the Ethics Review Board of
Osaka Dental University. The samples were
added with Dulbecco's modified essential
medium (DMEM; Nacalai Tesque, Inc.,
Kyoto, Japan) supplemented with 10% Fetal
bovine serum (FBS;, Hyclone, Logan, UT,
USA), penicillin (100 units/mL; Nacalai
Tesque, Inc.) and streptomycin (10 ng/ml;
Nacalai Tesque Inc.), and cultured in 10 cm
dishes (BD Falcon, Bedford, MA, USA) at
37°C in a humidified gas mixture containing
50 mL/L CO, balanced with air (5% CO,/air).
The bone marrow-derived cells adhered onto
the dish were to be the first passage. The
cells were grown to sub-confluence and

subsequently seeded to be 5X10° /em’ cells in

DMEM + 5%FBS + penicillin + streptomycin
{Medium A), and were sub-cultured to obtain
the third passage; medium (Medium A) was
changed every 3"-4" day.

Methods

1. Cell proliferation
The obtained rat BMSCs were seeded 3X10°

cells per well in 96 well plates (Asahi
Technoglass Co., Chiba, Japan), then cultured
under the following five conditions (control:
1 ; experimental: I ,It ,IV &V with addition
of capsaicin) by changing the culture medium
every 3 days for 2 weeks. Capsaicin used in
the present study was purchased from Wako
Pure Chemical Industries (Osaka, Japan).

Condition I (control): DMEM + 5%FBS +
penicillin + streptomycin = Medium A
Condition II: Medium A + 5pM capsaicin =
Medium B

Condition IIl: Medium A + 25uM capsaicin =
Medium C

Condition IV: cultured in Medium B for the
first 3 days then changed to Medium A
Condition V: cultured in Medium C for the
first 3 days then changed to Medium A

We examined cell proliferation on days 0,
3, 7, 10 and 14 using Cell Count Reagent SF
(Nacalai Tesque). On each experimental day,
10ul of Cell Count Reagent SF was added to

‘each well, and incubated for 1.5 h at 37°C in

5% CO,/air, then an absorbance of 450 nm
was measured (optical density of 450 nm: OD

sem) 1hE examination of cell proliferation was
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performed for 12 wells of each condition.

2. Examination of TRPV1 expression

Some rat BMSCs were seeded 3X10" cells
per well in 24 well plates (Asahi Technoglass
Co.), then cultured under five conditions stated
above for two weeks.
Reverse transcriptase polymerase chain
reaction (RT-PCR)

RT-PCR was performed to confirm TRPV
1 expression at the mRNA level in rat BMSCs
cultured under five conditions {(conditions I ,
O,I,IV& V) on days 0, 3, 7, 10 and 14. First
-strand ¢DNA synthesis was performed by
using SuperScriptll  CellsDirect c¢cDNA
Synthesis System (Invitrogen life technologies,
Carlsbad, CA, USA). Specific primers were
designed for c¢DNA (obtained on each
experimental day 3, 7, 10 and 14)
amplification (TRPVI1: forward primer:
CAAGGCTGTCTTCATCATCC, reverse
primer: AGTCCAGTTTACCTCGTCCA,
product size: 285 bp; G3PDH: forward primer:
ACCACAGTCCATGCCATCAC, reverse
primer: TCCACCACCCTGTTGCTGTA,
product size: 450 bp; SIGMA-ALDRICH,
Tokyo, Japan) following the instructions.
First-strand c¢cDNA (2 ng) obtained was
diluted to 50l with a PCR reaction mixture
consisting buffer, 1.5 mM MgCl2, 0.2 mM
each of ANTP mixture (TOYOBO Co., LTD.
Tokyo, Japan), 0.25 units of Blend Taq
(TOYOBO Co., LTD), and 10 pmol of each
specific primer set (forward and reverse
primers). Amplification system was
performed in a TaKaRa Thermal Cycler MP

(TaKaRa Bio, Shiga, Japan). The
amplification system for TPPV1 was
conducted at 94C (2 min)—~ 94C (30
secretary)— 63°C , and for G3PDH was
conducted at 60°C (30sec) — 72°C (30sec)X
45cycles— 72°C (10min), Amplified samples
(PCR products; 5 pl) were analyzed with 1.5%
agarose gel electrophoresis at 100 V for 30
min, and the gel was stained with ethidium
bromide solution (0.2pg/ml; Nacalai Tesque)
for 30min. They were then observed under
ultraviolet (UV) light (ATTO Printgraph;
ATTO, Tokyo, Japan).

3. The pH changes of the culture medium

The rat BMSCs were seeded (3X10" cells
per well) in 24 well plates (Asahi Technoglass
Co.), and then cultured under five conditions
On each
experimental day, the pH value of each

stated above for two weeks.

conditioned medium was examined 3 times
using a B-212 twin pH meter (HORIBA Ltd.,
Kyoto, Japan).

4, Calcium assay

We examined the change of calcium ion
(Ca™) concentration in the media with a
DICA-500 QuantiChromTM Calcium Assay
Kit (BioAssay Systems, Hayward, CA, USA)
according to the manufacture's instructions.
The rat BMSCs were seeded 3X10" cells per
well in 24 well plates (Asahi Technoglass Co
.} and cultured under 5 conditions stated
above for two weeks. On each experimental
day (day 0, 3, 7, 10, 14), each 5ul medium
(from either control or experimental group)
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was mixed with 200ul working regent and
incubated 3 min at room temperature,
and assayed with the kit at reading OD of
570-650 nm (peak absorbance at 612 nm:
OD612nm) using the Wallac ARVO 1420
multilabel counter. The examination of
calcium assay was performed for 6 wells of
each condition; the average extracellular Ca™

concentration in each condition was expressed
in OD612nm values.

5. Histological examination

Light microscopy

The rat BMSCs were seeded 3X10° cell
s/well in 24 well plates (Asahi Technoglass
Co.) and cultured under the 5 conditions for
two weeks. On each experimental day (day
0, 3,7, 10, 14), cells of each condition were
fixed with 4% parafolmaldehyde, stained with
hematoxylin and ecosin (H-E), then observed
and photographed under an Olympus BK40
light microscopy (Olympus, Tokyo, Japan)

following the conventional methods.

Transmission electron microscopy (TEM)

The day 10 specimens cultured in
condition I were prefixed with chilled 1/4
Karnovsky's fixatives diluted with BPS,
washed with BPS, postfixed with 1% OsO,
solution, washed for several times, dehydrated
with ascending series of ethyl alcohol, and
then embedded with TAAB 812 epon in
culture dishes following the conventional
methods. The embedded BMSCs were cut
into small pieces, trimmed and then set upon

cured epon blocks. The epon-embedded

samples were ultrathin-cut with a diamond
knife mounted on an LKB 4800 A
ULTROTOME I (1.KB, Stockholm, Sweden).
The specimens were then picked up on 150-
mesh copper grids, stained with uranyl acetate
(20 min) and lead citrate (10 min), and then
examined and photographed with a Hitachi
HU-7100 TEM (Hitachi, Tokyo, Japan)
following the conventional methods.

6. Statistical analysis

One-factor ANOVA and Kruskal Wallis
test for analysis of variance of the obtained
data (average) were processed using Excel
Statistic 2000 for Windows (Community
Information Services, Tokyo, Japan);
significant dafa were assessed by Scheffe's

test for post hoc.

Results
1. Cell proliferation

The data were summarized and analyzed
for studying cell proliferation on designated
days (Figs. 1a & 1b). At 3 days after culture,
cell proliferation rate was observed to be the
same in all conditions. In conditions IV and
Il , greater proliferation rates than other
conditions was found between day 7 and day
10; a significant increase of 1.5 fold in
comparison to day 0 was found in condition
IV on day 10 (Figs. 1a & 1b).

Cell proliferation in all conditions peaked
at day 10— approximately 24 h after changing
culture media on day 9, and decreased in all
conditions between day 10 and day 14 (Figs.
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la & 1b).

specimens, we observed active cell

By comparison with day 0

proliferation on day 10 (conditions I , 1l and
IV ), followed by a significant decrease
(condition IM ) of cell number thereafter
(Fig. 1b). The results indicated that addition
of 5uM capsaicin only on first 3 days
(condition IV ) significantly induces cell
proliferation at day 10 (Figs.la & 1b).

The present spectrophotofluorometry also
suggested that cell proliferation of rat BMSCs
on day 10 was significantly affected by
addition of capsaicin (conditionsII , Il and
IV) relating with elapsed time; day 10 was the
turning point of proliferation phase
(Figs. la & 1b).

analysis indicated that wvariance of cell

However, the statistic

proliferation was not significantly related
with culture conditions on cach designated
day (Fig. 1a).
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Chronological changes of cell proliferation (OD450nm) in conditioned culture media.
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Cell proliferation of rat BMSCs in conditioned culture media.
Significant increase (p<0.05) of cell proliferation in comparison to day 0 specimens is particularly
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2. Examination for expression of TRPV1
mRNA
RT-PCR

There was no expression of TRPVI

mRNA in the control group (condition 1) on
all days. Like the control group, conditions IT
(intermittent addition of 5uM capsaicin every
34" day ) and IV (addition of 25 uM capsaicin
on first 3 days) showed no expression of
TRPV! mRNA on all days (Table 1). In
contrast, expression of TRPV]1 mRNA was
observed in condition Il (intermittent addition
of 25 uM capsaicin every 34" day ) and
condition V (addition of 25 pM capsaicin on
first 3 days) on either day 3 or day 7 of
experiment (Table 1). However, no expression
of TRPVI mRNA in all five conditions was
observed after day 7 (Table 1).

The results suggested that TRPVI was
expressed during 3 days (conditions Il and V
) and 24 hours (day 7 of condition 1) afier
introducing 25 puM capsaicin into the culture

medium.

Table 1
Expression of TRPV1 mRNA on designated
days of rat BMSCs in different conditions

Condition

I o mw v Vv

Day 0 - - — — —
Day 3 — —
Day7 — -
Day 10 — — — — -

+
..I-.

(Expression of 285bp Products)

3. pH changes of the culture medium
On day 0 (just after the cells were seeded),

the conditioned T, Il, IV and V culture
media had higher pH values than that of the
control group {condition I ). The culture
medium pH declined towards pH 7.4 for the
first 3 days, then recovered to pH= 8.0 to 8.4
on day 4. After that, the culture medium pH
declined gradually towards pH 7.4, but never
lowered to become an acidic phase in
2a & 2b).

The present analysis of variance elucidated

experimental conditions (Figs.

that there were significant chronological pH
changes in condition-II[ , -IV and -V media
(Fig. 2b), and the pH differences in conditions
V and I were significant on days 7 and 10
(Fig. 2a).

The results suggests that either 5 uM or
25 uM capsaicin significantly affected pH
changes on day 7 and day 10 of culture, and
25 uM capsaicin facilitated alkaline phase

of the culture media (Figs. 2a & 2b).

" condgionI
m  mconditionIT
B grondition
i OconditionlV
EI" mcondiion v

Fig. loa Day

Chronological changes of pH in different culture conditions,
Significant pH differences (p<0.05) are found

between media added with capsaicin (experimental group:
conditions II, HI, IV & V'} and control group (cendition

I ) on days 7 and 10. The results indicate that rat BMSCs

proliferate in alkaline microenvironment.
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Fig. 2b
Changes of pH in the microenvironment of different
conditioned culture media.
Analysis suggests significant pH decrease in conditions
I, IV and 'V, and capsaicin facilitates alkaline phase of
the microenvironment,

with expression of TRPV] mRNA on day 7
in condition I (24 h after additional dose of
25 uM capsaicin), and a significant Ca” influx
of cultured rat BMSCs might occur between
day 7 and day 10 (Table 1 & Fig. 3a).

4. Calcium assay
Chronological changes of calcium ion
(Ca™) concentration (represented by OD,,,.)
of the medium used in both control group
(condition 1 ) and experimental group
(conditions I, I, IV & V) were studied
(Figs. 3a & 3b). The results showed that Ca™
concentration decreased during the day 1,
and fluctuated in each condition on days 3, 7
and 10 (Fig. 3a). In comparison with IV (5 n
M capsaicin for 3 days), significant increase
of Ca” efflux in conditions I (intermittent
addition of 5 puM capsaicin) and II
(intermittent addition of 25 uM capsaicin) was
evident on day 7. In addition, we observed a
significant decrease of Ca™ concentration in
condition I on day 10 (Fig. 3a). The study
indicates that, in conditions I between day 7
and day 10, the Ca” concentration of medja
peaked at day 7 and was followed with a
significant decrease (Figs. 3a & 3b).
The results suggests that TRPV1 Ca® ion

channel was possibly activated in accordance

fleonditionl
= condition 1T

Fig. 3a
Chronological changes of Ca’* concentration (OD
sz 1t cOnditioned culture media.

Arrows showing TRPV1 expression at the mRNA
level closely related with addition of 25 pM
capsaicin into conditioned -II and -V culfure
media, Significant decrease in Ca™ concentration
of condition ¢ indicates that intermittent addition
of 25 uM capsaicin activates TRPV1 to facilitate
Ca™ influx of the proliferating BMSCs between
days 7 and 10. '

[ O ORROOIE I SN SN

1 VU PIOIS rewres SRS NN 0%

0.

] o2
2 0.7 e | i m?
° 0.63 1 =319
— { o
066 One-factor ANOVA, Keuskal Walliz test J,
*pel005
061 ** p<001 i

sz LEEL I THEH. HLEE W EE
condition | cordition condiion 1M condiion IV condiion’ V'
Condltion
Fig. 3b
Changes of Ca™ concentration in various conditions
on designated days. Notice that a significant decrease
(p<0.01) is found in the condition Ol ECM

microenvironment between days 7 and 10.

1
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5. Histological findings

Light microscopy

On day 3 and 7, there were no histological
differences between all conditions; the
cultured cells were characterized by a
meshwork arrangement (Fig.4a). On day 10,
the light microscopy of H-E staining specimens
showed that many swollen condition II
(intermittent addition of 25 pM capsaicin)
cells containing brown-stained granular

paraplasm had lost the meshwork disposition

— a typical cell arrangement usually seen in

the condition I control group (Fig. 4b). In
contrast, the mesh arrangement and sparse
distribution of distended cells containing
granules were only observed in some parts of
day 10 specimens cultured under experimental
conditions I, IV and V. On day 14, cultures
under condition I were found to have the
least amount of cells, and the brown granular
paraplasm present at days 3, 7 and 10 was no
longer observed; the rat BMSCs showed no
significant cell morphological differences and

was rearranged in meshwork for all conditions.

Fig. 4a

Light microscopy of condition V BMSCs
on day 7 of culture.

The rat BMSCs are characterized by a
meshwork arrangement

(N: nucleus; H-E stain).

Fig. 4b

Light microscopy of condition Il BMSCs
on day 10 of culture.

A number of brown-stained granular
paraptasm (arrows) are found in a swollen
BMSC (N: nucleus; H-E stain).



RRER B B R R E A REMSC) BB RET R T (Subtype, TRPV IR LR

Transmission electron microscopy (TEM)

Fine structure study showed that BMSCs
of condition III at 10 days of culture exhibited
distended ER and many lysosomes (Figs. 5a

& 5b). A number of mitochondria containing

Fig. 5

needle-like crystallines were also observed in
the cytoplasm (Fig. 5b). The histological
changes of the cellular membranous structures
suggested necrotic cell death of the BMSCs.

Transmission electron microscopy (TEM) of condition- I rat BMSCs on day 10 of

culture (N: nucleus).

5a. A number of lysosomes (k) of various sizes and distended endoplasmic reticulum
(ER; arrows) are found in the cytoplasm. 5b. Distended ER () and mitochondria
(arrows) containing needle-like crystalline structures are demonstrated.

13
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Discussion

Many previous studies have asserted that
mesenchymal stem cells (MSCs) have the
potential to differentiate and regenerate into
tissues of mesenchymal origin, and bone
marrow stroma is a common pool of
multipotent cells (bone marrow stromal cells:
BMSCs) "It is well known that various
forms of stimulation and microenvironmental
changes are found to play very critical roles in
inducing cell proliferation, differentiation,
transdifferentiation and survival, and tissue
development/formation of BMSCs. Many
studies suggest that growth factors, physical
and mechanical stimuli, cell density, and
cell-to-cell interactions between MSCs
contribute to the end product of differentiation
associated with the cellular phenotype ***"*,
A study on the change of phenotypes in
cultured BMSCs

associated with the slowing of cell growth and

has found that it was
the increase of spontaneous apoptosis °
Some studies have reported that capsaicin
activated transient receptor potential vanilloid
subtype 1 (VR1, TRPV1) receptors of mast
cells, bronchial epithelial cells and
keratinocytes to release certain growth factors
(e.g., cytokines and prostaglandin). Capsaicin
up-regulates the expression of growth
inhibitors TGF-/5 2 and IL-13 , down-
modulates the levels of hepatocyte growth
factor, insulin-like growth factor-1 and stem
cell factor 3 growth stimulators, and
suppresses osteoclast differentiation ",
The sensation of pain is elicited by the

activation of sensory nerve endings resulting

from various types of chemical, thermal and
physiological stimulation. The nociceptors
convey stimulus signals to the medulla
spinalis, where these signals are interpreted as
pain. The TRPV]1 that we focus on in this
study is a mnon-selective cation channel
playing a pivotal role in systemic
osmoregulation and structurally related to
members of transient receptor potential (TRP)
The TRPV1 belonging to the

subfamily of TRP ion channel superfamily is

famnily.

activated by noxious heat as well as by luminal
stretch, systemic tonicity, chemical and lipid
mediators and metabolites ****. Additionally,
some studies have elucidated that the TRPV1
is a ligand gated, non-selective cation channel
which is calcium permeative and a polymodal
signal (i.e.,, stimuli, stretch, tonicity, pain)
The TRPVI

expressed by engagement of capsaicin

detector. is activated and
(a prototypical vanilloid compound activator
of TRPV1) and its endogenous ligand, and it
is essential in causing the resulting
inflammatory hyperalgesia of nociceptive
nerves AR

There have been many studies indicating
that high doses and/or long-term exposure to
capsaicin induced the depolarization of
nociceptor followed with the consequently
intracellular influx of Ca®" ion and
desensitization of the TRPV1 reactivity **“,
After incubation cells with 20 pM (48 h) or
50-100 pM capsaicin (24 h), TRPV1-mediated
apoptosis and cell death due to excessive Ca™
influx and load of the cell and infracellular

organelles, and reactive oxygen species (ROS)
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generation were found in certain TRPVI-
overexpressing cells in vitro ****, The TRPV1
-mediated apoptosis and necrosis, with
excessive Ca”" overload sufficient for
mitochondrial damage resulting in inhibition
cell proliferation, was controlled by Ca™
uptake via activation of TRPV1 in various
cell types

and antiproliferative effects of capsaicin have

27,3844

. By other hand, the apoptotic

been elucidated to closely related with p38
mitogen-activated protein kinase (MAPK)
activation and ROS generation, which
regulates critical steps of the signal
transduction cascades and many important
cellular events %,

TRPV1 has been found to be expressed in
the local area of sensory central nerve and
spare central nerve system, but recent studies
have elucidated that TRPV1 is also expressed
in non-nervous tissues/cells of the bladder,
utero-gpithelium, bowl, lung, kidney, spleen,
stomach, heart, neutrophile granulocyte,
muscle and mast cells, dendritic and other

,31-34,46-41 - .
BAMEE  Until now, no studies were

cells
available regarding the expression of TRPV1
in cultured BMSCs. There has been a study
on the maintenance of peripheral neuron
integrity and pain perception. It was reported
that nerve growth factor (NGF) stimulated
NADPH oxidase pathway to regulate p38-
MAPK and induce TRPV! expression at the
protein level but not at mRNA level 37. In the
present in vitro study of rat BMSCs, we
detected the TRPV1 mRNA in the experimental
group (condition V : addition of 25 uM

capsaicin for 3 days; condition I : intermittent

addition of 25 pM capsaicin} on either day 3
or day 7, but not in the control group
(condition 1 ).

The present study demonstrated a decrecase
of Ca™ ion in the culture media of conditions
M, T and I between day 7 and day 10.
The statistical analysis suggests that there
were ion channels regulating Ca™ flux in the
condition Il cultures. TRPV1 is a volume-
sensitive outwardly rectifier (VSOR) and high
calcium transmission non-selective proton
channe] that is activated at pH threshold of
pH 5.9 to 6.0, temperature threshold of 43°C,
and 3 to 30 pM capsaicin in various

conditions .

In the present study, we
observed time-dependent increase of cell
proliferation in alkaline phase particularly in
conditions I and I at 37°C in 5% CO,/air.
A previous in vivo study has reported a
down-regulation of TRPV]I mRNA in cells
by certain peripherally derived trophic factors
, and the mRNA was not PCR-amplified from
all cells showing TRPV protein expression .
On the other hand, the present RT-PCR
study identified TRPV1 mRNA expression in
condition V (addition of 25 uM capsaicin on
first 3 days) and I (intermittent addition of
25 puM capsaicin) on either day 3 or day 7.
This therefore indicates differentiation of
TRPV1-expression cells from proliferating rat
BMSCs in a dose-dependent (above 25 pM
capsaicin) manner of the condition-II cells at
day 7, and it was down-regulated after day 7
in 37°C and alkaline pH microenvironment in
vitro,  Proliferation peaking at day 10,

followed by a significant decrease in cell

15
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number of condition I cultures, implied that
day 10 was the turning point of proliferation
with a cell turnover resulting in cell death of
the BMSCs.
demonstrated capsaicin-gated TRPV1

Collectively, the findings

activation results in a significant intraceilular
Ca™ ion flux between day 7 (24 h after
additional capsaicin) and day 10. This is in
accordance with the expression of TRPVI
mRNA, particularly in condition I on day 7.
Cell death and significant decrease in cell
proliferation between day 10 and day 14
followed the excessive Ca™ ion flux. The
TRPV1 was activated and desensitized with
intermittent administration of 25 pM capsaic
in between days 7-10 and days 10-14.
Activation of alternative pathways of
programimed cell death in cells with defective
apoptosis has been reported o maintain
normal development and homecostasis of
cells . Some previous studies have reported
that the response to capsaicin (10-200 pmol/L
, 24 h) involved apoptotic and delayed cell-
death was essentially associated with

2% In contrast to

intracellular Ca” ion flux
non-inflammatory apoptosis, which is a
process of genetic regulation of specific cells,
necrosis is a typical process associated with
some inflammatory/stressful events resulting
in cell disruption and fragmentation '
Activation of inflammation mediators (e.g.,
IL-1 8 ) released by cytosolic and lysosomal
secretion has been reported to be associated
with cell death **. In the present histological
studies, we observed distended ER, disrupted

mitochondria with needle-like crystalline

structures and numerous lysosomes that
indicated disturbances in ER loading and
calcium homeostasis of the dying BMSCs
in condition . ™.

In the present study, we observed that a
single dose of 25 uM capsaicin elicited the
expression of TRPV1 mRNA without necrosis
of BMSCs on day 3 of culture. On the other
hand, we have attributed necrotic and anti-
proliferative effects induced by intermittent
administration with addition of 25 pM
capsaicin on BMSCs. Hox.vvever, the results
suggest that a longer time span for cell culture
is required to uncover how adding capsaicin
will change cell proliferation and bone marrow
stromal cell differentiation. Also, identification
of receptors/trophic factors and mechanism to
activate and regulate turnover of the TRPV1
channel in the rat BMSCs is what we should
confront in future studies.

Acknowledgements

We would like to express our gratitude to
Dr. Yoshikage Higashi, Honorary Professor,
Osaka Dental University, for his valuable
assistance in this research and his helpful
suggestions.

The Laboratory Animal, Morphological
Research, Tissue Culture Facilities at the
Institute of Dental Research, Osaka Dental
University were used to perform this study.




HRREERII B S RET EE AR (M Cs) B ST AR SR8 R B (SubtypcL, TRPVIRYE{LARR

References

1. Friedenstein Al, Gorskaja UF, Kulagina N
N. Fibroblast precursors in normal and
irradiated mouse hematopoietic organs.
Exp Hematol 1976; 4:267-271.

2. Dexter TM. Stromal cell associated
haemopoiesis. J Cell Physiol
1982; 1(suppl):87-94.

3. Maniatopoulos C, Sodek J, Melcher AH.
Bone formation in vitro by stromal cells
obtained from marrow of young adult rats.
Cell Tiss Res 1988; 254:317-330.

4. Leboy PS, Beresford JN, Devlin C, Owen
ME. Dexamethasone induction of osteoblast
mRNAS in rat bone marrow stromal cell
culture. J Cell Physiol 1991; 146:370-378.

5. Huang W, Carlsen B, Wulur I, Rudkin G,
Ishida K, Wu B, Yamaguchi DT, Miller TA.
BMP-2 exerts differential effects on
differentiation of rabbit bone marrow
stromal cells grown in two-dimensional
and three-dimensional systems and is
required for in vitro bone formation in a
PLGA scaffold. Exp Cell Res 2004; 299:
325-334.

6. Honczarenko M, Le Y, Swierkowski M,
Ghiran I, Glodek AM, Silberstein LE.
Human bone marrow stromal cells express
a distinct set of biologically functional
chemokine receptors. Stem Cell 2006; 24
(4):1030-1041.

7. Wakitani S, Saito T, Caplan AL Myogenic
cells derived from rat bone marrow
mesenchymal stem cells exposed to 5-
azacytidine. Muscle Nerve 1995; 18:1417
-1426.

8. Pittenger MF, Mackay AM, Beck SC,
Jaiswal RK, Douglas R, Mosca JD,
Moorman MA, Simonetti DW, Craig §,
Marshak DR. Multilineage potential of
adult human mesenchymal stem cells.
Science 1999; 284:143-147.

9. Awad HA, Butler DL, Harris MT, Tbrahim
RE, Wu Y, Young RG, Kadiyala 8, Boivin
GP. In vitro characterization of
mesenchymal stem cell-seeded collagen
scaffolds for tendon repair. Effects of
initial seeding density on contraction
kinetics. J Biomed Mater Res 2000;51:23
3-240.

10. Majumdar MK, Thiede MA, Haynesworth
SE, Bruder SP, Gerson SL. Human
marrow-derived mesenchymal stem cells
(MSCs) express hematopoitic cytokines
and support long-term hematopoiesis
when differentiated toward stromal and
osteogenic lineages. J Hematother Stem
Cell Res 2000; 9:841-848.

11. Tuan RS, Boland G, Tuli R. Adult
mesenchymal stem cells and cell-based
tissue engineering. Arthritis Res Ther
2003; 5: 32- 45,

12. Chang C, Niu D, Zhou H, Li F, Gong F.
Mesenchymal stem cells contribute
to insulin-producing cells upon
microenvironmental manipulation in vitro.
Transplant Proc  2007;39(10):3363-3368.

13, Benayahu D, Kletter Y, Zipori D,
Weintroub S. Bone marrow-derived
stromal cell line expression ostcoblastic
phenotype in vitro and osteogeneic capacity

in vivo. J Cell Physiol 1989; 140:1-7.

17



18

The Taiwan J Oral Med Sci 2009; 25:4-22
Printed in Taiwan, All fights reserved

14.

15.

16.

17.

18.

19.

20.

21.

Kassem M, Risteli L, Mosekilde L,
Melsen F, Eriksen EF. Formation of
osteoblast-like cells from human
mononuclear bone marrow cultures.
APMIS 1991: 99:269-274.
Haynesworth SE, Goshima J, Goldberg
VM, Caplan Al Characterization of cells
with osteogenic potential from human
marrow. Bone 1992; 13:81-88,
Rickard DJ, Kassem M, Hefferan TE,
Sarkar G, Spelsberg TC, Riggs BL.
Isolation and characterization of osteoblast
precursor cells from human bone marrow.
J Bone Mineral Res 1996; 11(3):312-324.
Heywood HK, Sembi PK, Lee DA, Bader
DL, Cellular utilization determines
viability and matrix distribution profiles
in chondrocyte-seeded alginate constructs.
Tissue Eng 2004; 10:1467-1479.
Benham CD, Davis JB, Randall AD.
Vanilloid and TRP channels: a family of
lipid-gated cation channels.
Neuropharmacol 2002; 42: 873- 888.
Tominaga M. TRP channel and pain.
Folia Pharmcol Jpn 2006; 127: 128-132.
(in Japanese)
Caterina MJ, Schumacher MA, Tominaga
M, Rosen TA, Levine JD, Julius D. The
capsaicin receptor: a heat-activated ion
channel in the pain pathway. Nature 1997
; 389: 816-824.
Tominaga M, Caterina MJ, Malnberg AB
, Rosen TA, Gilbert H, Skinner K,
Raumann BE, Basbaum AlI, Julius D.
The cloned capsaicin receptor integrates

multiple pain-producing stimuli. Neuron

22,

23.

24.

25,

26.

27.

28.

29.

1998; 21: 531-543.

Tominaga M. Molecular mechanisms of
thermosensation. Folia Pharmcol Jpn
2004; 124(4): 219-227. (in Japanese)
Caterina MJ, Julius D. The wvanilloid
receptor: a molecular gateway to the pain
pathway. Annu Rev Neurosci 2001; 24:
487-517.

Frot M, Feine JS, Bushnell MC. Sex
differences in pain perception and anxiety.
A psychophysical study with topical
2004; 108: 230-236.
Hohmann AG, Neely MH, Pina J, Nackley
AG. Neonatal chrenic hind paw

capsaicin. Pain

inflammation alters sensitization to
intradermal capsaicin in adult rats: a
behavioral and immunocytochemical study.
J Pain 2005; 6: 798-808.

Szallasi A, Blumberg PM. Vanilloid
(capsaicin) receptors and mechanisms.
Pharmacol Rev  1999; 51: 159-212.
Kim SR, Lee DY, Chung ES, Oh UT, Kim
SU, Jin BK. Transient receptor potential
vanilloid subtype 1 mediates cell death of
mesencephalic dopaminergic neurons in
vito and in vitro. J Neurosci 2005; 25(3):
662-671.

Thomas KC, Sabnis AS, Johansen ME,
Lanza DL, Moos PJ, Yost GS, Reilly CA.
Transient receptor potential vanilloid 1
agonists cause endoplasmic reticulum
stress and cell death in human lung cells.
J Phamacol Exp Therapeutics 2007; 321:
830-838.

Xu H-S, Tian W, Fu Y, Oyama TT,
Anderson S, Cohen DM. Functional



30.

31.

32,

33.

34.

35.

36.

R R B R R A (BMSCs) R ETE M B R KSR R B L (Subtypel, TRPVI)HIE(L1ER]

effects of nonsynomous polymorphisms
in the human TRPV1 gene. Am J Physiol
Renal Physiol 2007; 293:F1865-F1876.
Szallasi A, Cruz F, Geppetti P. TRPV1: a
therapeutic target for novel analgesic
drugs. Trend Mol Med 2006; 12:545-554.
Michael GI, Priestley JV. Differential
expression of the mRNA for the vanilloid
receptor subtype 1 in cells of the adult rat
dorsal root and nodose ganglia and its
downregulation by axotomy. J Neurosci
1999; 19(5):1844-1854.

Bilo T, Maurer M, Modarres S, Lewin NE,
Brodie C, Acs G, Acs P, Paus R, Blumberg
PM. Characterization of functional
vanilloid receptors expressed by mast cells.
Blood 1998;91: 1332-1340.

Bodo E, Bir6 T, Telek A, Czifra G, Griger
Z, Toth BI, Mescalchin A, Tio T,
Bettermann A, Kovacs L, Paus R, A hot
new twist to hair biology involvement of
vanilloid receptor-1 (VRI1/TRPV1)
signaling in human hair growth control.
Am J Pathology 2005; 166: 985-998.
O’Connell PJ, Pingle SC, Ahern GP.
Dendric cells do not transducer
inflammatory stimuli via the capsaicin
receptor TRPV1. FEBS Letters 2005;
579:5135-5139.

Saunders CIM, Kunde DA, Crawford A,
Geraghty DP. Expression of trangient
receptor potential vanilloid 1 (TRPVI)
and 2 (TRPV2) in human peripheral blood.
Mol Immunol 2007; 44(6): 1429-1435.
Friedenstein AJ, Chailakhyan RK,
Gerasimov UV, Bone marrow osteogenic

37.

38.

39.

40.

4].

42

stem cells : in vitro cultivation and
transplantation in diffusion chambers.
Cell Tissue Kinet 1987, 20:263-272.
Kortesidis A, Zannettino A, Isenmann S,
Shi S, Lapidot T, Gronthos S. Stromal-
derived factor-1 promotes the growth,
survival, and development of human bone
marrow stromal stem cells. Blood 2005;
105(10):3793-3801,

Puntambekar P, Mukherjea D, Jajoo S,
Ramkumar V. Essential role of
Rac/NADPH oxidase in nerve growth
factor induction of TRPV1 expression,
2005; 95: 1689-1703.
Takita M, Inada M, Miyaura C. Capsaicin,

a ligand for vanilloid receptor-1, transduces

J Neurochem

suppressive signal for osteoclast
differentiation in bone. J Health Sci 2007
; 53(2): 240-244.

Amantini C, Mosca M, Nabissi M,
Lucciarini R, Caprodossi S, Arcella A,
Giangaspero F, Santoni G. Capsaicin-
induced apoptosis of glioma cells is
mediated by TRPV1 vanilloid receptor
and requires p38 MAPK activation.
2007; 102: 977-990.
Numazaki M, Tominaga T, Toyooka H,

J Neurochem

Tominaga M. Direct phosphorylation of
capsaicin receptor VR1 by protein kinase
C. and identification of two target serine
residues. J Biol Chem 2002; 277(16):
13375-13378.

.Numazaki M, Tominaga T, Takeuchi K,

Murayama N, Toyooka H, Tominaga M.
Structural determinant of TRPVI

desensitization interacts with calmodulin.

19



20

The Taiwan J Oral Med Sci 2009; 25:4-22
Printed in Taiwan, Afl rights reserved

43,

44,

45,

46.

47.

48,

PNAS 2003; 100 (13): 8002-8006.

Lam PMW, Hainsworth AH, Smith GD,
Owen DE, Davies J, Lambert DG.
Activation of recombinant human TRPV1
receptors expressed in SH-SY5Y human
neuroblastoma cells increases [Ca’'li,
initiates neurotransmitter release and
promotes delayed cell death. J Neurochem
2007; 102:801-811.

Sanchez AM, Malagarie-Cazenave S,
QOlea N, Vara D, Chiloeches A, Diaz-
Laviada I. Apoptosis induced by capsaicin
m prostate PC-3 cells involves ceramide
accumulation, neural sphingomyelinase,
and JNK activation. Apoptosis 2007;
12:2013-2024.

Hail N Jr. Mechanism of vanilloid-induced
apoptosis. Apoptosis  2003; 8:251-262.
Lo YC, Yang YC, Wu IC, Kuo FC, Liu
CM, Wang HW, Kuo CH, Wu JY, Wu DC.
Capsaicin-induced cell death in a human
gastric adenocarcinoma cell line. World J
Gastroenterol 20035; 28: 6254-6257.
Veronesi B, Oortgiesen M, Carter D,
Devlin RB. Particular matier initiates
inflammatory cytokine release by
activation of capsaicin and acid receptors
in a human bronchial epithelial cell line.
Toxicol Appl Pharmacol 1999; 154: 106-
11s5.

Southall MD, Li T, Gharibova LS, Pei Y,
Nicol GD, Travers JB. Activation of
epidermal vanilloid receptor-1 induces
release of proinflammatory mediators in
human keratinocytes. J Pharmacol Exp
Ther 2003; 30: 217-222.

49,

50.

S1.

52.

Basu §, Srivastava P. Immunological role
of neuronal receptor vanilloid receptor 1
expressed on dendritic cells. Proc Natl
Acad Sci USA 2005; 102(14):5120-5125.
Ondrouskova E, Souéek K, Horvith V,
Smarda J. Alternative pathways of
programmed cell death are activated in
cells with defective caspase-dependent
apoptosis. Leukemia Res 2008; 32(4):
599-609.

Sauter B, Albert ML, Francisco L, Larsson
M, Somersan S, Bhardwaj N.
Consequences of cell death: exposure to
necrotic tumor cells. or apoptotic cells,
induces the maturation of
immunostimulatory dendrite cells. J Exp
Med 2000; 191(3):423-434.

Brough D, Rothwell NJ. Caspase-1-
dependent processing of pro-interleukin-1
5 is cytosolic and precedes cell death. J
Cell Sci 2007;120:772-781.



HRHFREEN SR EEITER
Bifll(BMSCs)Z BT B
A FE B EERE 1 (Subtypel,
TRPV1)RYE{CIER

HEY : RN EE R Rl R 3R v ag oh G (3%
B REEE M EBMSC)RHETE » 73t - E{LEGERE
X o SR+ /NS EERE R Ry T R TR A T i
JE o W BB P EIERIZRL - TRPVIE —{E7RE
AR RMPIB N FEE - TSR - 43°CRLE
- BRIEBRIEA I MER A RIS (L - BT RFZERY
HOGZRENTERIN S BRI R - SHEEMH
FReA R ER (LA L =R (turnover) -

MR ITE © BT wistar B B B BEEEE
RN E TGRS R R IS bR R NR I
B B9E L - SRR R R P E MR EE
» S3ERIART-PCRGAITRPV 1 {E AT T EEAmRNAM &
Ramhnga b RaE2 CNGEF R TR T
o (EESE R - FLUET AT -

fas B R E IR R R B L
TEE+R > BEEST CR B AR TR - 7
EESREHSERRE > SAERNeE RS > &
BEEENEHEEENREE S REE =R - W
+REZREENIE AR, - #RIEERT ) &£
FHTUURES o EEMEFRELE o [ARRERI2S £ mb
BRI R AT REEREEE R - TTER
TRPV {53 T 42 FImRNAFT 5 FHRITR-PCRAGHIE R

AROEESR
2 Hawns
ISSN 1560-1587
HHEE g sHEE
thigEET BEE WERF
FHEN BEREgs S5ny'

1 BFRAIREARRISRa R

2 SIEREARRE RS LEEE TR

3 RIRERE AR OEREEOIEFEER
4 HACKHREEASE— ORISR

WRfES - SR

it - SET=RE+Z—EE 1005
SRR EEEROBREESRR

£iE : +886-7-3121101#2272

{HE : +886-7-3233752

BFEH : shunteh@kmu.edu.tw

21



22

The Taiwan J Oral Med Sci 2008, 25:4-22
Printed in Taiwan, All rights reserved

RN R X RGRII2S 1 mBH
RO RB=Z2ARBCRAPLEE
mRNAFJHIR -

fhem - PATSEEURE © TERSIN
Eaeh o FIWRERINYI25 v mBHGR IR R
o ] S AR AGR USRI B B E e
TRPV UERE ARG - IBESE5 8 T M
AT s RSBt - TTRPVIEY
EEEBCREEFRBEHRBL -





