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labeling.

Figure 3 TEM examination and TUNEL staining of the ossification front. The typical structure of the elastic fibers had disappeared with an
increase in the number of collagen fibers (a: control, b: OLF). Note the presence of matrix vesicles containing electron-dense material {c) and
also the presence of pigmented chondrocytes {d) near the ossified layer (a, b: magnification x1,000, ¢; magnification x4,000, d; magnification
X2000). Note the presence of TUNEL-positive chondrocytes near the ossified layer (arrow) (e, scale bar = 100 um). OLF: ossification of the
ligamentum flavumn; TEM: transmission electron microscopy; TUNEL: terminal deoxynucleotidy! transferase-mediated dUTP-biotin nick end-

accounting for 60% to 70% of the dry weight [24], with
little blood flow. However, the cross-sectional area and
viscoelasticity of the elastic fibers diminish as part of
age-related changes or systemic hormonal imbalance,
although the elastic fiber bundles retain their normal
longitudinal arrangement [25-27]. The pathologic pro-
cess of degeneration that affects the ligamentum flavum
is characterized by disorganization of the elastic fibers
with irregular arrangement, a decrease in the number of
these fibers, and an increase in collagen fibers [28-30].
In the ossification front of OLF, fiber bundles of the
ligament showed disorganization of the elastic fibers and
an abundance of collagen fibers. We reported previously
that the initial degenerative changes in the ligamentum
flavumn include reduction in the diameter of elastic fibers
together with irregular arrangement and their rupture
[25]. The elastic fiber bundles showed gradual fragmen-
tation and extinction, probably because of the action of
proteases such as elastase and chymotrypsin [31]. We
consider that such matrix changes are important in the
development of the ossified plaque, particularly in the

fused and tuberous subtypes of OLF, compared with the
lateral, extended, and enlarged subtypes [19].

Previous studies examined various aspects of the OLE.
Genetic studies identified abnormalities in COL642 and
COL11A1 genes, on chromosome 21, in patients with
ossification of the spinal ligaments [14,32]. The expres-
sions of these genes may explain why this pathologic
process occurs mainly in East Asian countries. Conver-
sely, the ligamentum flavum is persistently subjected to
repetitive variable degrees of tensile stress along its
longitudinal axis, and mechanical stress influences the
cell biologic properties, such as expression of cytokines
and/or transcriptional factors [12,33,34]. Our results
showed overexpression of Sox9, Runx2, Msx2, and AP-1
mRNAs in cells cultured from OLF compared with the
control samples. Conversely, the mRNA expression
levels of Osterix and DIx5 were not different from the
control, although the protein expression of all these fac-
tors was positive at the cells gathering in the ossification
front in vivo environment. Considered together with the
previously mentioned studies, we speculate that the
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Figure 4 Morphologic findings of cultured cells and relative expression levels of mRNA of transcriptional factors. Cultured cells in OLF
(a) and control (b} showed spindle shape (scale bar = 100 um). RT-PCR analysis of the ossified and nonossified cultured ligament cells showed
that the mRNA expression levels of Sox9, Runx2, Msx2, and AP-1 in OLF were significantly different from those of the control (c). Data are
expressed as mean * SEM values of six samples each. Differences between the two groups were examined with the Student t test. *P < 0.05,
compared with the control. mRNA, messenger RNA; OLF, ossification of the ligamentum flavum; RT-PCR, reverse transcription-polymerase chain
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Figure 5 Immunostaining for Sox9, Runx2, and Msx2 of the
OLF. Sox9 (a) was expressed in proliferating chondrocytes. Runx2
(b) was expressed in hypertrophic chondrocytes. Msx2 (c) was
expressed in proliferating chondrocytes (scale bar = 100 um; n.c,
negative control; black arrow, hypertrophic chondrocytes; black
arrowheads, proliferating chondrocytes).

Figure 6 Immunostaining for Osterix, DIx5, and AP-1 in the
OLF. Osterix (a), DIx5 (b), and AP-1 {c) were strongly positive in
hypertrophic chondrocytes (scale bar = 100 um; n.c, negative
control; black arrow, hypertrophic chondrocytes; black arrowheads,
proliferating chondrocytes). OLF, ossification of the ligamentum

flavum.
. S
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observed changes are due to the diversity of genetic
background as well as spinal mechanical stress,"degen-
erative matrix changes, and/or other yet-unknown fac-
tors that influence the expression levels of these
transcriptional factors.

Several studies [16,35,36] concluded that the process
of ossification of the spinal ligament involves enchondral
ossification and clustering of abnormal fibrocartilage or
cartilaginous cells, which results in the development of
the ossified plaque. Numerous chondrocytes were pre-
sent, especially around the calcification front, although
no such chondrocytes were found in the normal liga-
mentum flavum [17,25,31]. Yahia et al. [37] suggested
that the metaplastic chondrocytes in the ligamentum fla-
vum are derived from mesenchymal cells or fibroblast-
like cells. In this regard, our study indicates the involve-
ment of certain transcriptional factors in this process.
Sox9 is known to promote chondrocyte differentiation,
but to prevent hypertrophic changes [38]. Runx2 pro-
motes the differentiation of premature chondrocytes to
hypertrophic chondrocytes {39]. In contrast, Msx2
induces differentiation of premature mesenchymal cells
and sometimes prevents the maturation of chondrocytes
[40]. In the normal ligamentum flavum, these factors
might regulate chondrocyte differentiation, preserving
homeostasis; however, overexpression of these factors in
the OLF violates the regulation of chondrogenesis and
differentiation of mesenchymal or fibroblast-like cells to
mature chondrocytes in a complex autocrine/paracrine
manner.

The maturation of osteoblastic cells and bone forma-
tion correlate closely with stromal expansion and neo-
vascularization. We reported previously that
hypertrophic chondrocytes around the calcification front
regulate angiogenesis by secreting various growth fac-
tors, such as vascular endothelial growth factor [19].
Neovascularization promotes infiltration of mesenchy-
mal cells and alters matrix mineralization, particularly in
the area of the ossification front. However, many
TUNEL-positive hypertrophic chondrocytes were noted
in the ossified front, especially around the calcification
front. It is not clear whether the chemical change in the
matrix induces apoptosis of the hypertrophic chondro-
cytes or if these cells themselves undergo programmed
cell death triggered by biochemical alteration of the
chondroid matrix secondary to the degeneration of the
ligamentum flavum, or whether apoptosis was induced
by the ossified plaque and/or matrix vesicles. We sug-
gest that apoptosis of the hypertrophic chondrocytes
induces secondary infiltration of osteoblastic cells
through the expression of transcriptional factors such as
Runx2, Osterix, DIx5, and AP-1 [41-43].
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Conclusions

Our study showed significant matrix degeneration in the
ossification front of OLF and the presence of several
ossification fronts between the ossified plaque and non-
ossified fiber area. Chondrocyte differentiation was evi-
dent in the ossification front and while accumulation of
chondrocytes was evident around the calcification front.
We suspect that chondrocyte differentiation under the
influence of transcriptional factors plays a key role in
the ossification process.

Additional material

Additional file 1: Topographic analysis of the expression of
transcriptional factors. The table shows the summary of
immunohistochemical localization of Sox9, Runx2, Msx2, Osterix, DIx5,
and AP-1 in all 31 cases. The tabulated data represent the distribution of
immunopositive areas in the ossification front, based on semiquantitative
analysis conducted according to the method described by Kokubo et al.
[22] and Song et al. [35].

Additional file 2: Relation between CT subtype and
immunopositivity to each transcriptional factor. The results indicate
that the expression of transcriptional factors varied according to the size
of the ossified plaque subtype. Immunopositivity for Sox9, Runx2, and
Msx2 tended to be more common in the fused and tuberous subtypes
(near 100%) than in the lateral and extended subtypes (< 509%).
Expression of Osterix, DIX5, and AP-1 was also high in the fused and
tuberous subtypes.

Abbreviations

CCA: calcified cartilage area; CT: computed tomography; DIxS: distal-less
homeobox 5; EDTA: ethylene diaminetetraacetic acid; EVG: Elastica van
Gieson; FA: fiber area; FCA: fibrocartilage area; GAPDH: glyceraldehyde-3-
phosphate dehydrogenase; H&E: hematoxylin and eosin; MRI: magnetic
resonance imaging; Msx2: muscle segment homeobox 2; n.c.: negative
control; OA: ossified area; OLF: ossification of the ligamentum flavum; PBS:
phosphate-buffered saline; RT-PCR: reverse transcription-polymerase chain
reaction; Runx2: runt-related transcription factor 2; Sox9: Sry-type high-
mobility group box 9; TEM: transmission electron microscopy; TUNEL:
terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick-end
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ARTICLE INFO ABSTRACT
Article history: During brain development, cAMP induces morphological changes and inhibits growth effects in sev-
Recegved 9 Mar;h 2011 ) eral cell types. However, the molecular mechanisms underlying the growth inhibition remain unknown.
Received in revised form 5 April 2011 Tumor suppressor protein phosphatase and tensin homolog deleted on chromosome 10 (PTEN) is a lipid
Accepted 12 April 2011 phosphatase that inhibits the phosphoinositide 3-kinase (PI3K) pathway. The phosphorylation of Akt,
which is one of the key molecules downstream of PI3K, inhibits apoptosis. In this study, we investigated
m’d&' the role of PTEN in cAMP-mediated growth inhibition. B92 rat glial cells were treated with 2 differ-
Akt ent cAMP stimulatory agents, a phosphodiesterase (PDE) inhibitor and a -adrenoceptor agonist. Both

PTEN cAMP stimulatory agents induced marked morphological changes in the cells, decreased cell number,
Cell number decreased Akt phosphorylation, activated PTEN, cleaved caspase-3, and induced the condensation and
Apoptosis fragmentation of nuclei. These results indicate that the cAMP stimulatory agents induced apoptosis. Pro-
VASP tein phosphatase inhibitor prevented cAMP-induced dephosphorylation of PTEN and Akt. In addition,
cAMP analogs and Epac-selective agonists affected PTEN and Akt activities. These results suggested that
cAMP-induced apoptosis may be mediated by PTEN activation and Akt inhibition through protein phos-
phatase in B92 cells. Our results provide new insight into the role of PTEN in cAMP-induced apoptosis in

glial cells.

© 2011 Elsevier Ireland Ltd. All rights reserved.

cAMP stimuli, including the pituitary adenylate cyclase-activating
polypeptide, can induce morphological changes and astrocytoge-
nesis of rat cortical precursors [23]. Therefore, intracellular cAMP
seems to play an important role in controlling differentiation and
proliferation [13,16,22]. However, the signaling cascade involved in
the cAMP-regulated proliferation has not yet been fully elucidated.
The tumor suppressor protein phosphatase and tensin homolog
deleted on chromosome 10 (PTEN) has been shown to regulate
multiple steps in the development of the central nervous system
[8.19]. We hypothesized that PTEN is involved in the regulation of

Abbreviations:  8-Br-cAMP, 8-bromoadenosine-3,5-cyclic monophosphate;
8-CPT-cAMP, 8-(4-chlorophenylthio)-2-O-methyladenosine-3,5-cyclic monophos-
phate sodium salt; IBMX, isobutylmethylxanthine; ISO, isoproterenol; OA, okadaic
acid; PTEN, phosphatase and tensin hornologue deleted on chromosome 10; PI3K,
phosphoinositide 3-kinase; PIP3, phosphoinositide-(3,4,5)-triphosphate; VASP,
vasodilator-stimulated phosphoprotein.

* Corresponding author. Tel.: +81 76 265 2314; fax: +81 76 262 1866.

E-mail address: ns@med.kanazawa-u.ac,jp (N. Sugimoto).

0304-3940/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.neuiet.2011.04.028

cell proliferation by cAMP. PTEN was initially cloned as a tumor
suppressor for gliomas |1}, and it is a phosphoinositide-phosphate
phosphatase specific for the 3-position of the inositol ring [11].
PTEN and phosphoinositide 3-kinase (PI3K) have opposing effects
on cellular PI-(3,4,5)-P3 levels and consequently affect cell pro-
liferation, survival, and differentiation through various signaling
molecules, including Akt. Akt activity is negatively regulated by
PTEN [3,18]. Here, we found that increased intracellular cAMP lev-
els activated PTEN, which resulted in the inhibition of Akt activity
and the induction of apoptosis.

Isobutylmethylxanthine (IBMX), isoproterenol (ISO), and
Dulbecco’s modified Eagle’s medium (DMEM) were obtained
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
8-Bromoadenosine-3,5-cyclic = monophosphate  (8-Br-cAMP)
and 8-(4-chlorophenylthio)-2-0-methyladenosine-3,5-cyclic
monophosphate sodium salt (8-CPT-cAMP: Epac inhibitor) were
obtained from Biaffin GmbH & Co. KG (Kassel, Germany). H89
and okadaic acid (OA) were obtained froim Calbiochem (La Jolla,
CA) and LC Laboratories (Woburn, MA), respectively. Hoechst
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Fig. 1. Changes in the levels of phospho-VASP (A), in the morphology of the cells (B), and in the electrophysiological recordings (C) of B92 cells after treatment with IBMX
(1 uM) or a combination of IBMX (1 uM) and ISO (1 uM). Representative current responses to voltage pulses of potentials between —100mV and +40mV with a 20 mV step

from a holding potential of ~80mV (C).

33342 was obtained from Molecular Probes (Eugene, OR). Fetal
bovine serum (FBS) was obtained from Invitrogen Corporation
(Carlsbad, CA). Anti-PTEN, anti-phospho-specific PTEN (Ser380),
anti-phospho-specific Akt (Ser473), anti-cleaved caspase-3, anti-
B-actin, horseradish peroxidase (HRP)-linked anti-rabbit IgG, and
anti-mouse IgG were purchased from Cell Signaling Technology,
Inc. (Danvers, MA). Anti-phospho-specific VASP (Ser157) was
obtained from Calbiochem (La Jolla, CA).

B92 rat glioma cells, which were established by Schubert et al.
[17], were obtained from DS Pharma Biomedical Co., Ltd. (Osaka,
Japan), and U87MG human glioblastoma cells were provided by
Dr. Nakata (Kanazawa University). Both cells were maintained in
DMEM containing 10% FBS at 37 °C in a 5% CO, incubator.

B92 cells and US7MG cells were seeded on 100 mm dishes at
a density of 1x 105 cells/dish. After 24 h incubation, the cells in
DMEM with serum were treated with 1 pM IBMX, and/or 1 uM ISO
for 72 h. Cell suspensions were prepared by PBS with trypsin, and
the number of cells of the suspension was counted.

To determine the effect of cCAMP stimulatory agents on PTEN
and Akt activities, we investigated the levels of phospho-PTEN
and phospho-Akt by various stimulations. Increases of the lev-
els of phospho-PTEN and phospho-Akt indicate PTEN-inactivation
and Akt-activation, respectively. B92 cells and US7MG cells were
incubated in DMEM with serum for 24 h, and treated with IBMX
(1 uM), ISO (1 uM), 8-Br-cAMP (1 mM) or 8-CPT-cAMP (5 pM) for
10 min with or without H89 (5 uM) or OA (1 pM). Western blotting
analyses were performed using the phospho-specific antibodies,
phospho-PTEN (Ser380) antibody and phospho-Akt (Ser473) anti-
body.

Western blotting was performed as described previously
[20,21]. Briefly, proteins were extracted from cells, and the
protein concentrations were determined using a protein assay.
Equal amounts of protein were separated by 10% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The

resolved proteins were transferred onto polyvinylidene fluoride
(PVDF) membranes, which were incubated with primary antibodies
(1:1000), and then incubated with HRP-linked secondary anti-
bodies (1:2000). The blots were developed using the Immobilon
Western Chemiluminescence HRP Substrate (Millipore, Billerica,
MA).

B92 cells were seeded on 3.5 mm dishes at a density of 1 x 103
cells/dish. After 24h incubation, the cells in DMEM with serum
were treated with 1uM IBMX, andfor 1 uM ISO for 72h. Cells
were whole-cell voltage clamped using a patch pipette filled with
an internal solution containing (in mM) 130 K-gluconate, 15 KCl,
10 HEPES, 0.2 EGTA, 6 MgCl,, 5 Na,ATP, and 0.2 NayGTP (pH 7.3,
adjusted with KOH). The external solution contained (in mM) 140
Nadl, 2.5 KCl, 2 CaCl;, 1 MgCl,, 10 HEPES, and 10 glucose (pH 7.3,
adjusted with NaOH).

B92 cells were seeded on 3.5mm dishes at a density of 1 x 103
cells/dish. After 24 h incubation, the cells in DMEM with serum
were treated with 1uM IBMX, and 1uM ISO for 24 or 72h.
Cells were stained with Hoechst 33342 (10 pg/mL, 15 min). After
the incubation, the stained cells were observed by fluorescence
microscopy, using UV/355 nm excitation and measuring the fluo-
rescence emission of Hoechst 33342 dye at 460 nm emission. Under
these conditions, Hoechst 33342 stains the nuclei of all cells.

Data are presented as means + SEM from at least 3 independent
experiments. Statistical analyses were performed with ANOVA and
followed by Dunnett’s test.

We first examined the detailed effects of isobutylmethylxan-
thine (IBMX), which is a phosphodiesterase (PDE) inhibitor, and
isoproterenol (ISO), which is a B-adrenoceptor agonist, on the
morphology of B92 cells. 82-adrenoceptors, which are positively
coupled to adenylate cyclase [10], and IBMX, which inhibits PDE,
both increased intracellular cAMP levels. cAMP is therefore a
prime candidate for the second messenger that is involved in the
mechanisms changing cell morphology and function. Vasodilator-
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Fig. 2. Changes in cell number (A), in the levels of phospho-PTEN, phospho-Akt, and
cleaved caspase-3 (B), and in the nuclear morphology (C) of B92 cells after treatment
with IBMX (1 #M) or a combination of IBMX (1 M) and ISO (1 pM). Each column
represents the mean =+ SEM. *P<0.05, **P<0.01 vs. untreated controls. #P<0.05 vs.
IBMX treatment group (A). Several condensed or fragmented apoptotic nuclei are
indicated by arrows (C).

stimulated phosphoprotein (VASP) is a critical factor in regulating
actin dynamics, and an increase in phospho-VASP is related to the
increased levels of intracellular cAMP [4,10]. Treatment of B92 cells
with IBMX and ISO increased phospho-VASP protein levels sig-
nificantly in 10 min and slightly in 72h compared with controls
(Fig. 1A).

Microscopic examination indicated that IBMX and ISO affected
the cell morphology; cells were extended and spindle-shaped
(Fig. 1B). Cell morphology after treatment with a combination of
IBMX and ISO were markedly changed compared with treatment
with IBMX alone (Fig. 1B). In the electrophysiological experiments
(Fig. 1C), an outward current was activated by depolarizing the
membrane above —20mV (300.0 +64.9pA, n=10, at +40mV) in
control cells and (452.9+107.2pA, n=15, at +40mV) in IBMX-
treated cells. Similar depolarizing pulses induced larger outward
currents in the cells treated with a combination of IBMX and
I1SO (562.2+97.1 pA, n=11, at +40mV), but there was no sodium
inward current, such as that seen in neurons.

To examine whether decreases in cell number were dependent
on cAMP, B92 cells were treated with IBMX only or with a combi-
nation of IBMX and ISO. IBMX alone and the combination of IBMX
with ISO decreased cell number (Fig. 2A). The decrease in cell num-

ber after treatment with IBMX and ISO together was greater than
that after stimulation with IBMX alone.

Many reports have suggested that PTEN plays a critical role
in brain development and cell phenotype changes [7,14,15]. In
order to further investigate the role of PTEN in cAMP-regulated
cell growth, we performed Western blotting analyses using the
phospho-specific antibodies, phospho-PTEN (Ser380) antibody and
phospho-Akt (Ser473) antibody. PTEN phosphorylation of var-
ious sites, including Ser380, restricted PTEN activity [24]. The
dephosphorylation of PTEN also resulted in an increase of PTEN
activity [24]. The treatment of B92 cells with IBMX alone or with
IBMX in combination with ISO induced the dephosphorylation of
PTEN, which indicated an activation of PTEN phosphatase activity
(Fig. 2B). This PTEN phosphatase activity resulted in an inhibition
of Akt activity (Fig. 2B). Therefore, the apoptotic enzyme caspase-
3 was cleaved (Fig. 2B), and cells with condensed or fragmented
nuclei were observed by Hoechst 33342 staining 24 h after treat-
ment with the stimuli (Fig. 2C, middle panel), which indicated an
induction of apoptosis [9]. However, few cells with condensed or
fragmented nuclei were observed 72h after treatment with the
stimuli (Fig. 2C, right panel).

PKA and Epac are molecular players that are downstream
of cAMP. Fig. 3A shows the effects of PKA inhibition by H89,
which blocked the induction of VASP phosphorylation by cAMP-
stimulating agents, but not the ability of cAMP-stimulating agents
to dephosphorylate PTEN and Akt. Similarly, H89 failed to block
the cAMP analog 8-Br-cAMP-induced inhibition of the dephospho-
rylation of PTEN and Akt (Fig. 3B, left panel). However, the highly
selective Epac agonist 8-CPT-cAMP induced PTEN activation and
Akt deactivation (Fig. 3C), confirming that Epac, and not PKA, is
involved in cAMP-dependent PTEN activation and Akt deactiva-
tion. Although okadaic acid (OA), which is a protein phosphatase
inhibitor, increased the level of phosphorylation of PTEN and Akt
compared with the control, OA completely abolished the ability of
cAMP to dephosphorylate PTEN and Akt in Fig. 3B (right panel),
indicating that protein phosphatases might be involved in the
cAMP-regulated PTEN activity.

PTEN is not expressed in US87MG human glioblastoma cells
(Fig. 3D, left panel). cAMP-stimulating agents increased phospho-
VASP protein levels, but they did not inhibit Akt activity (Fig. 3D,
middle panel) and cell number (Fig. 3D, right panel) in U87MG cells,
indicating that the cAMP-induced inhibition of Akt and cell number
was dependent on PTEN activity.

Our results provide a new insight into the activation of PTEN
through protein phosphatase during cAMP-induced apoptosis in
B92 cells. The effects of PI3K on Akt activation were countered by
PTEN, which is a lipid phosphatase of PIP3 [3,18]. The dephospho-
rylation of PIP3 by PTEN resulted in the inhibition of Akt activity.
In response to cAMP stimulation, we observed an increase in the
activity of PTEN and a decrease in Akt activity in B92 cells that
resulted in the induction of apoptosis. An inhibitory effect of cAMP
on the activation of Akt has been described in various cell types
[2,5,6,12]. However, the mechanism of cAMP-induced inhibition
of Akt is not yet fully understood. Specifically, the role of PI3K
in cAMP-mediated Akt inhibition is still controversial; previous
studies have indicated either no effect [5] or negative effects [6]
of cAMP on PI3K activity. Although PTEN is not a classical tar-
get of cAMP action, cAMP-dependent PTEN activation has been
reported in alveolar macrophages and human glioma cells [2,12].
PKA and Epac are molecular players downstream of cAMP [2,12].
Epac, and not PKA, is involved in cAMP-dependent PTEN activa-
tion and Akt deactivation [2,12]. In this study, we showed that
PKA is responsible for cAMP-dependent VASP phosphorylation,
but not cAMP-dependent PTEN activation and Akt deactivation .
(Fig. 3A and B). We also suggest that Epac is responsible for
cAMP-dependent PTEN activation and Akt deactivation (Fig. 3C),
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Fig. 3. Changes in the levels of phospho-PTEN, phospho-Akt, and phospho-VASP in B92 cells after treatment with a combination of IBMX (1 pM) and 1SO (1 wM) with or
without H89 (5 nM) (A), with 8-Br-cAMP (1 mM) with or without H89 (5 uM) or OA (1 1M) (B), and with the selective Epac agonist 8-CPT-cAMP (5 uM) (C). Changes in the
levels of phospho-Akt and phospho-VASP, and cell number after treatment of PTEN-depleted US7MG glioblastoma cells with a combination of IBMX (1 M) and ISO (1 M)

(D).

confirming that cAMP activates PTEN through Epac [2,12]. More-
over, in this study, it was shown that protein phosphatase plays a
key role in cAMP-induced PTEN activation (Fig. 3B). Thus, our find-
ings may provide new insight into the mechanistic model by which
cAMP activates PTEN in glial cells. However, the details regard-
ing the mechanistic mechanisms underlying cAMP stimulation of
PTEN are still unknown. Further studies are required to determine
the full mechanism of cAMP-dependent PTEN activation in glial
cells.

cAMP has been shown to alter the morphology of primary
cortical precursor cells and glioma cells [13,22]. Our results sug-
gested that cAMP acts in B92 cells to induce morphological

changes within 72 h of the stimuli (Fig. 1B). B92 cells treated with
cAMP-stimulating agents exhibited outward currents when the
membrane was depolarized, but not a sodium inward current, like
neurons do(Fig. 1C). cAMP activated the apoptotic enzyme caspase-
3 and increased the number of apoptotic cells with fragmented and
condensed nuclei (Fig. 2B and C). Apoptotic cells were detected 24 h
after the stimuli, but not 72 h after the stimuli (Fig. 2C). Probably, ail
of apoptotic cells which were detected 24 h after the stimuli might
bedead and disappear in 72 h after the stimuli, which resulted in the
cAMP-induced decrease in cell number (Fig. 2A). From these results,
CAMP appears to regulate a number of cell functions, including
apoptosis.
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In this study, a decrease in cell number appears concomitant
with the activation of PTEN by cAMP-stimulating agents in B92
cells (Fig. 2A). It is uncertain whether PTEN activation is necessary
or sufficient for the regulation of apoptosis and cell proliferation.
However, cAMP failed to inhibit Akt activation in PTEN-depleted
U87MG glioblastoma cells (Fig. 3D), and several studies have indi-
cated that PTEN regulates multiple steps in the development of the
central nervous system, including apoptosis {8,19]. In this study,
it appeared that PTEN might play a role in regulating apoptosis in
response to cAMP stimulation. Further studies are needed to fully
elucidate the involvement of cAMP in apoptosis and cell prolifera-
tion in primary cells and in vivo.
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The relationship between facet angle orientation and slipping‘ in degenerative
spondylofisthesis : A Finite Element Analysis study.
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Abstract

This study investigated how the orientation of the lumbar facet (zygapophyseal) joints influ-
ences the etiology of degenerative spondyiolisthesis.

Several studies have investigated the etiology of degenerative spondylolisthesis and
some investigators have claimed that the disease originates in morphologic abnormalities of the
facet joint.

In the current study, a nonlinear three-dimensional finite element program was used to analyze
responses of a lumbar motion segment. :

Facet jeint morphology of the lower lumbar spine in a normal population (34 years, male)
was characterized on finite element analysis.

Both CT and MRI scans were digitized, to establish a half finite element model of 145,

l¢ changed the facet mmt orientation (the angle between the horizontal/frontal/sagittal
plane and the plane of the “original” facet joint) to =15 degree to make 7 variations in the
model (original, HP %15, FP£15°, 8P+ 15°).

As @ resdlt, the smaller the angle from the sagittal plane in the frontal plane, the greater the
slippage of the anterior L4 vertebra,

These findings support previous reports that patients developing degenerative spondylolis-
thesis are predisposed by the developmental sagittal orientation of the L4-5 facet joints.

"These findings also suggest that the facet angle orientation is a possible causative factor.

Key words : Finite Element A

talysis, Degenerative spondylelisthesis, Facet joint morphology. Etiology.
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DFERY J) (FiffE) 2/ (K5).

Z L THEMBN 21T, UHEGRORE L
#Point 1, LAMEROBF F#HEPoint 2& L T,
EZNFhOYB L UZAMOELE % HEHE
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Ligaments(red line)

RN F A A= A, Vol 32, 201L

4. Spine with ligament.

E5. load

= x

BZBEFNMIIBITBY. ZHA~ORBHEHE (&
PEZmm) U TOBY Tho/ (Kl -a~c).

F $Point 1 (L4HERERH E#R) T3, Y@
EI~NOBEHFEEEIX, 4V 552,208, HP -
154%2. 187, HP+152%2. 420, SP - 15%%2. 273,
SP+154%1.912. FP - 154%1. 973, FP+154%2. 609
THhol-.

WIZZHM B EASORBBIHREX, AU TP
1. 460, HP—15%%1.653, HP+15#4%1.297, SP-
154%0.677. SP+15%%2. 472, FP — 15%%1. 674,
FP+154%0.412T&h - 7.

Point 2 (LAMEMRER T F#&) Tix, Y@ A M
~OBEHEIEX, 4V T 51.8%, HP-15
781.870, HP+154%2. 074, SP - 154%2. 036.
SP+154%1. 742, FP—15%%1. 706, FP+15%%2. 331
Tho7.

RIZZEHM~OBHEHIT, T IR
0.555, HP~—15%4%0. 663, HP+15%%0.584, SP-
154%0. 434, SP+15%%0.509, FP — 154%0. 530.
FP+15%%0.359T& - 7=.

F1) TV FVEF N OFERBN TidPoint 1 T,
Y A~ OB EEEREAS2. 208, Z#h W~ DF
BFEEEA%1. 460TH Y, Point 2°TlX, YHIHME
~OBEEEEAH]. 895, ZEFRI~DOREHIMED
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2011
F1-a
HP Point1 Point2
y z distance y z distance
-15 2.187 1.6563 2.741 -1.870 0.663 1.984
O(original) -2.208 1.460 2.647 -1.895 0.555 1.975
15 2420 1.297 2.745 -2.074 0.584 2.155
Fi-b.
SP Point1 Point2
‘ v z distance y z distance
-15 2273 08677 2.372 ~-2.036 0.434 2.082
Oloriginal) -2.208 1.460 2.647 -1.895 0.555 1.975
15 -1912 1.566 2472 1.742 0.509 1.814
®1-c
FP Point1 Point2
! y z distance y z distance
-15 -1.873 1.674 2.588 -1.706 0.530 1.786
Oloriginal) -2.208 1.460 2.647 -1.895 0.555 1875
15 -2.609 0412 2.641 -2.331 0.359 2.359

0.555TC&H » 7=. ZOFRED SHPoint 1 DF A
Point 2L Db KEL LAIBIAICBEELT
BXOGEER L TVwAEEEZLN. EEL
FEMECIE, R ff i SRR B & kil fg
EEOW W EFH L LI THD, £V IF

WEFVOBEIZFEFIWLEI LT ETH
D, SRIONEMTPLEOHE 2L -8
ETHREFLTHEIELERLTVDE VRS,

RKIZHEDHREZFHTORHETHEAL
FLZF7AELE (6 -a~c).

HP-15 (%&iK{L). SP+15 (L&), FP-
15 (KFlL) TRTAYTF L EYPoint 1, 2
EHIfEIERE o7

L& LHP+15 (#i#E1k) 234 ¥+ offic
L HBRTERLDPIAAS BT DHDITHA,
—FTSP-15 (#EiH L) EFP+15 (NITX)
{iPoint 1, 2 MM DEAMEIRIZAS LD, F
ZFEAEM L T,

IO DR RIILAMERPHTEEZ 2T TLH
FioEBBHL TR nI kithb.

o DHEMENOEE/ALAMEE, ZHA

IR E A E B TLAER D BT 50 &
BLTULHRERLTWwAEEDRSD.

% %=

HER BRI OB R, IEHEREIRIZ Y
FELREHEPRELLTVWLEEZLNTED,
FOFVTrF—2a VIIBENIZLEETH
HZrubhTwb, ZO0HEIMBOTEE:
BB IE B OB IIA, FHOTEROWH
FEARTHREL2FHEE T ) E~ORRH
FMOBS T2 E THRAIES
NnTE

/NP ReMatsunaga®® OWFRIL, EEERYLC
HARZBOWIEZIT, TOHGTX) BED
VA7 777 7 —zERBEORENSERILL
-HEBERRE AR TAHOSEOMBIWET
HY, FHESAHSIICM L E RKCBEHE O
BS28EE/SL 7

¥ 72Boden bV 1&, L4/5OHERIBEEH O MEEHS
45° XD b RERAHICEC - HERBEEZET S
EFNL, ENFRETYEIBET S WSS
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et pOINE1
amsmm pOTOED
S ~.....4...e:.269».- PR PN .
-15 0 15
6 —-a Distance to the Z axis in the HP plane.
g point1
o OINES
15
16 —b. Distance to the Z axis in the SP plane.
- s~ point1
e - wmbe DOINE2
—

15

B16 - c. Distance to the Z axis in the FP plane.

WD ETFHINLEHREL TS,
BFRTHRIRIETHIET 5E LK D
M A~NOBXIHB SN d o722 L s, #
BB ORRKICIIFHH TN 2R T KELER
THhbEFHENA. T8I A%
fELTHRIA BRI B @ w2t b
GFhol.

L2LIFE TKEEHOFEEOARTL 2R
Coharos7-#HESoFEtcmA T, %
R TR, KA coOHmEDEWIZHE

LTIRNOBED LT ESLRE LI
ZOmE, KL - HRMEEmIEa s+
DERTH, HICEELT D LBRICHEEDE
Ex DB IBEHL Z L sh o

Tz LM ORBBEHE AT 2k
B, WIZHAE IS EBREICHEERDOR X & Ik
OHHBHDEHL T LG h o7,

HERBIE % & O - TG ERO N E BT
ERZFTHCEfTbhTtwusaivniiv. Zh
I B AR LR L TE Y,
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ERN LBV EER O EEDRE. Z0L
I HEMSREEL RIS T 2 ENBTFRE
LTRABREREZ AV Y23 b—va v
B THLEEDNRS.

LA LA O ME SR ERSE
THIZEEREEVIZI P2 o THEFERED
F— ¥ EFLICFEMEFVEERL-Z &%,
R 2 HHMSHORBIK TS > THABOER
PTHOYP, FL-ZRBETCEOBREBEVO
FHEOBWICHEEZ S 500 ERHESR
bEWV.

L2L, ShE CREMICRRICEREEHDS
BHREEHEITRIERL S P2t i T L E
FEMBHT CHBHTE L2 &%, —FTKELL.
EREE L-#ERBE T4 ) IFMICHERT
FORATRYERLS BT L AFEMICTH
He& FldlicmE il AmEE LAHE
B TIILAREMR AR 5 113 B & vl Brh
P L bRBEEN.
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Anatomical Studies of the Cervival Spine in Rats
— Possible Mechanisms of Cervicogenic Headache —

Koji Yoshida*, Yoshihiko Kato”, and Toshihiko Taguchi”

BEARZEC BT, TR SRS E LI LIEERT S, © nszﬁ’&iﬁﬁ@%E
ELT, HMBSIARE, BT 7 5 ¥ P EROREERL S UHEN B 5 5, X

BTwgYy, SEFRL REEREO—HE LT, LA m&:ﬁ%mr%m éf%n 5y b
EEVAEFELT - A OTHRET 5. WEIE Wistar-Rat 220~3602 6 VCEA W, Nembutal BN
H#E (dmg/ke) Uiz, BEIHOHAIHEABHEL = Y2 YL -BERABRAN L. 2ok
ATYA Y| pg BHERETACHRS Lz, 5y  OFEBEFRIRABCENL, C2 OREBKESH
KREFEMREL 2> Tk, 6FH2RRBVTATY 1 v VIRER, Ki&”ﬁ%ﬁﬁﬁﬁﬁ‘ﬁﬁﬂ‘]k%@%ﬂ
MR OB Ic 2 b RS TEEERE S b,

Cervicogenic headache is pain perceived in the head but referred from a primary source between
the trigeminal afferents and afferents from the upper three cervical spinal nerves,

The possible souree lies in the structures innervated by the 61 to 3 sping! nerves. To cormfirm
thiis theory, we used capsaicin which causes extravasation in the oecipifal lesion to intervertebral
dises in ‘rats. We administered 10 ug of capsaicin into the anterior portion of the cerviesl
intervertebral discs of rafs injected with Evans blue intravencusly to cause dve extravasation in the
occipital area. The results suggested that the administration of capsaicin may contribute to
eervicogenio headaches associated with intervertebral disc lesions.

Key words :rat (5 » }), anatomical study of cervical spine ( LEIE#: @ EHRABRE),
cervicogenic headache (SERMIIM), referred pain (EHEE)
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b ®
B 220~360 ¢ © Wistar-Rat §ILE B . BER:
HHE hetiibutal £ 4 me/kg THERES L.
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HIA T 0 ~# T Ci~CARIEEEIN L, HEH

" UCREAPRESRFANEAN  Yamaguchi University Graduate School of Medicine, Yamaguchi, Japan

Presented by Medical*Online



14 7 o bR ORISR

EEMNOSYIBET 5. C2/3 HEMMRIE B L 2o fic,
TNV R T N—EREERKBERL OV EETS, 10
SRIEATY A Vi lue % C2/3 HRIREEZER O
HHEScRE T2 (H1), R 77 e—%7T
BEREB% 2 VY v — Vi ERRLE L ARENES
fulnz R S iic i TR L, 0% C2#S
RSB L RBRNEHERET 3.

® g

S FISHITE b OXEBTAEE, DRERECEY T
% C2, C3 OMBEMESED s, ChLhOHE
BESoFBANEEEL, C1/2 2/ HiloREEE
BEFENED b, 5K O oS IRATS &,
C2 ORIBHETNRRE TS, CLCORERELELD
ht: (®2). 68 @BV TRERR LK
HRGFMIRERP ML rBWBROKTRES
L (3.

Bt mroRE

M2 ConRpEs

% ®
BTFA VR WITECH 7 A ¥ v REGRE

Fhz o= Y TERBERIAEY, A7V VE

BEREA 7 v, B B3 SORIRMEZE
TEZAGL LTRESATEY, COSBEITH
AR, =GRS & OB R
FEL, BERCBEERQUERELTVWEEEL A
TWa, F2F7 4 3OBIEEHET S 1IRE
BHEEHO ASHKN Y~ 2T 580 BB
BET3 20 BEHOCBHS L, CHE
CGRP, ¥ 728 VR PR EDHERTF FEFL,
ATHA ¥ R IOCHRELERYTHE TS &
T, 20 RSB (Eb - TLA L Sh TV B,
S LRREBEEN L, BROXBEER MEE R
EFES S A HEENAT 5 T L BEFEHETSH B,
t rEROEEOMERL TR, SKBABOLHE
XEAS Y, PHESIUABIS0 I, HRRNE,
HEUAFELBVWETTH 58, #EfiEz o
BHEBRCY 5 » 7 BAVEEKRPERPE L NS
BT LTEBOEREURY 5 5B 0hTV A,
Nikolai &R EMEROBEIROMESEES LT
WAL, EEROBEREIC SV TEERTWE LY,
Freemont & BEMENE~ORERROEAY,
Robert &It #RIRK ® mechanarecsptor”, Burke &
RENERORERE X F+2 -7 —DBEE 220 E
HBELTED, BN EHERAEROER LR
W55EEBEXoH>2H5, BESIET v FEHL,
B LSRRI 791 YV ERAL, BEREH
EHEORER OV TONEERE L £V, Wi
BOTHERICRBAER S 5 IR PR RIRS

Presented by Medical*Online



