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tants (T7-GST P1-1/W38H and T7-GST P1-1/C478S) on JNK activity.
Extracts from AHG6 cells irradiated with UV were used as the enzyme
source. JNK (including the active form) purified by aflinity precipita-
tion (binding (o c-Jun fusion resin) was reacted with 100 #M ATP in

of that of T7-GST P1-1/wild). By contrast, GST activity of
T7-GST P1-1/W38H and T7-GST P1-1/C47S which were
site-directed mutations of the active center, was markedly
decreased to 8.3 and 1.7% of that of T7-GST P1-1/wild,
respectively.

Modification of active center of GST P1-1 influences on
JNK activity

To confirm the regulation of INK activity by GST P1-1, bind-
ing of GST P1-1 to the JNK molecule and inhibition of INK
activity by GST P1-1 were determined in the in vitro experi-
ment. When affinity-purified JNK including Pi-JNK (active
form of JNK) was incubated with recombinant T7-GST P1-
1/wild (10 jeg/ml) at 30°C for 30 min, T7-GST P1-1/wild was
precipitated with the JNK molecule, and potently inhibited
the activity of JNK (phosphorylated activity of c-Jun, Pi-
¢-Jun) in correspondence with T7-GST PI1-1/wild binding,
but no change in Pi-JNK was observed (Fig. 5). In order to
investigate whether or not the active center of the GST P1-1
molecule was required to suppress JNK activity, we used two
kinds of site-directed mutated GST P1-1, in which the GSH-
binding site residue (G-site) 38W and the substrate-binding
site residue (H-site) 47C were replaced with H (T7-GST
P1-1/W38H) and S (T7-GST P1-1/C478S), respectively. Al-
though T7-GST P1-1/W38H and T7-GST P1-1/C47S also
bound to JNK to a similar degree as T7-GST P1-1/wild (Fig.
5, T7-GST P1-1), these mutants failed to inhibit the activity
of JNK (Fig. 5, Pi-c-Jun). Therefore, it was predicted that
binding of GST P1-1 to the enzymatically active form of the
JNK molecule might be necessary for suppression of JNK
activity.

—T7-GST P1-1

© T o« Pi-JNK1
FEEEEET? — Pi-JNKz
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T7-GST P11
the presence or absence of T7-GST P1-1/wild or the mutants. After
washing the resin, Pi-c-Jun, T7-GST P1-1 and Pi-JNK were measured
by Western blot analysis using anti-phospho-c-Jun (63S), anti-T7 and
anti-phospho-JNK (1837 and 185Y) antibodics, respectively

Re-activation of INK activity by enzymatically inhibited
GST P1-1 with GSH-DXR

Since we demonstrated that site-directed mutated GST P1-
1 of the active center region failed to inhibit JNK activity,
we investigated whether or not inhibition of GST P1-1 ac-
tivity by GSH-DXR re-activated JNK without dissociation
of GST P1-1-JNK complex. We have already reported that
GSH-DXR exhibited reverse-inhibition of GST P1-1 activ-
ity by binding to the active center (both the G- and H-sites)
of the molecule resulting in the induction of apoptosis. By
the addition of 10 uM GSH-DXR to the reaction mixture,
phosphorylation activity of c-Jun by JNK, which had been
inhibited by binding of T7-GST P1-1/wild, was restored
(Fig. 6, Pi-c-Jun), but no change in T7-GST P1-
1/wild-binding to JNK was observed (Fig. 6, T7-
GST P1-1). This result showed that the inhibition of
GST PI1-1 activity by GSH-DXR re-activated the sup-
pressed JNK activity via the binding of T7-GST P1-
1/wild without T7-GST Pl-1-liberation from the JNK
molecule.

Activation of JNK in AH66 cells transfected with
Flag-GST P1-1/W38H and Flag-GST P1-1/C47S by
treatment with GSH-DXR

We investigated here whether site-directed mutated GST
P1-1 of the active center region failed to inhibit JNK ac-
tivity in AH66 transfectant cells expressed with Flag-GST
P1-1/W38H and Flag-GST P1-1/C47S. Treatment of these
transfectant cells with 0.3 uM GSH-DXR for 18 h in-
creased slightly in caspase-3 activation compared with that
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Fig. 6 Inhibition of JNK activity by binding of T7-GST P1-1/wiid
10 JNK and re-activation of the inhibited activity by GSH-DXR. Sus-
pension of JNK-coupled ¢-Jun fusion beads in kinase buffer (25 mM
Tris/HICI (pH 7.5) containing 0.1 mM Naz VO,) was incubated with 10
j1g/ml T7-GST P1-1/wild a1 30°C for 30 min. After washing resin with

0.3uM GSH-DXR, 18h

T7-GST P1-1
kinasc buffer, T7-GS'T P1-1/wild-binding JNK was incubated with 100
1M ATP at 30°C for 30 min in the presence or absence of 10 uM
GSH-DXR. Pi-c-Jun, T7-GST P1-1/wild and Pi-INK were measured
by Westem blot analysis using anti-phospho-c-Jun (63S). anti-T7 and
anti-phospho-JNK (1837 and 185Y) antibodics, respectively

Expression of GST P1-1 mutant

None wild W38BH C47S
- e == | — $63/S73-bis-Pi-c-Jun
: g | < 863-Pi-c-Jun
ot — Pi-JNK1
= Pi-JNK2

s v e | — Flag-GST P1-1
SN o “ GST P1-1 (endogenous)
402.3 321.0 458.3 490.5 «— Caspase-3 activity
+11.9 *+1565 *17.8 =205 (pmol/min/mg)

Fig. 7 Activation of INK in AH66 cells expressed with Flag-GST
P1-1/wild, FFlag-GST P1-1/W38H and Flag-GST P1-1/C47S by treat-
ment with GSH-DXR. Activation of INK (phosphorylation of ¢-Jun
and phosphorylated JNK). binding of expressed Flag-GST P1-1/wild,
Flag-GST P1-1/W38H and Flag-GST P1-1/C47S to the INK molecule
and activity of caspase-3 in AH66 transfectant cells wreated with 0.3
#M GSH-DXR for 18 h were measured. Pi-JNK: phosphorylated INK

of non-transfectant cells (Fig. 7) although the same treat-
ment of AH66 cells transfected with Flag-GST P1-1/wild
decreased in the activation in comparison to that of non-
transfectant cells. Moreover, the treatment of the transfectant
cells of the active center mutant and the wild-type caused
increase and decrease, respectively in the phosphorylated
c-Jun level, reflecting higher JNK activity than that of non-
transfectant cells. However, the amount of phosphorylated
JNK was at the same level in both the transfectant and
non-transfectant cells (Fig. 7). Interestingly, expressed Flag-
GST P1-1/W38H and Flag-GST P1-1/C47S were also co-
precipitated with the INK molecule and these co-precipitated
mutants showed a slight decrease by treatment with GSH-
DXR (Fig. 7).

2 Springer

(active form of JNK), Pi-c-Jun: phosphorylated c-Jun (phosphoryla-
tion of ¢c-Jun by active JNK). GST P1-1: endogenous GST P1-1 and
expressed Flag-GST P1-1/wild, Flag-GST P1-1/W38H and Flag-GST
P1-1/C47S bound to the JNK molecule. These proteins were analyzed
by Western blot analysis using anti-phospho-JNK (183T and 185Y),
anti-phospho-c-Jun (638) and anti-GST-r, respectively. Caspase-3 ac-
tivity was determined using DEVD-MCA as a substrate

A role of C-terminal region of T7-GST P1-1 on JNK
activity

Since it was reported that the C-terminal region of GST P1-1
interacted with the JNK molecule, we investigated the inter-
action between JNK and the C-terminal mutated GST P1-1.
The mutant used for the experiment was that the C-terminal
region (194 to 209 amino acids) was deleted (T7-GST P1-
1/AC(194-209)) and 201R in the region was replaced with
A (T7-GST P1-1/R201A). Both T7-GST P1-1 mutants of
the C-terminal region, T7-GST P1-1/AC(194-209) and T7-
GST P1-1/R201A failed to bind and inhibit JNK (Fig. §).
In fact, since T7-GST P1-1/R201A maintained GST activity
to the same degree as T7-GST P1-1/wild despite the lack of
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Fig. 8 [Effca of C-terminal deletion mutant of GST P1-1 (T7-GST
P1-1/AC(194-209)) and C-terminal mutated GST P1-1 (T7-GST P1-
1/R201A) on binding and activity of INK. JNK activity was cxpressed
as Pi-c-Jun (phosphorylation of c-Jun by active INK). Extracts from
AH66 cells irradiated with UV were used as the enzyme source. JNK
(including the active form) purificd by affinity precipitation (binding (0

binding ability to JNK, T7-GST P1-1/R201 A failed to sup-
press JNK activity.

Discussion

We demonstrated here that the active center (enzyme activ-
ity) of intact (full length) GST P1-1 also played an important
role in the suppression of INK activity by binding of GST P1-
1 using the mutant form of the active center region, although
it was reported that peptide 34-50 of GST-pi containing the
active center region suppressed JNK activity without direct
binding to JNK [6-9]. Moreover, GSH-DXR-induced apop-
tosis in AH66 cells caused INK activation via the suppression
of GST P1-1 activity by GSH-DXR.

Our recent study demonstrated that the thiol group of
GSH-DXR played an important role in the elevation of cy-
totoxicity and that the conjugate showed potent inhibition
of GST activity and suppression of GST P1-1 expression
(mRNA and protein), although DXR did not [25]). Addi-
tionally, treatment of AH66 cells with GSH-DXR potently
induced DNA fragmentation via caspase-3 activation as com-
pared with DXR [24]. This prompted us to predict that inhibi-
tion of GST activity and suppression of GST P1-1 expression
by GSH-DXR may be involved in the apoptosis cascade.

An attempt was made to identify a specific downstream
signaling molecule regulated by GST P1-1 for the induction
of apoptosis in AH66 cells. Recent reports indicated that the
binding of GST P1-1 to JNK itself regulated JNK activity
and the activation of JNK by apoptosis was induced by cer-
tain stresses [6-9]. Therefore, we investigated whether or
not JNK was activated by treatment of the cells with GSH-

T7-GST P1-1
¢-Jun fusion resin) was reacted with 100 #M ATP in the presence or
absence of T7-GST P1-1/wild or the mutants. Afier washing the resin,
Pi-c-Jun, Pi-JINK (active form of JNK), INK and T7-GST P1-1 were
measured by Western blot analysis using ami-phospho-c-Jun (638),
anti-phospho-JNK (183T and 185Y) and anti-17 antibodics, respec-
tively

DXR and whether or not JNK activation induced apoptosis.
Treatment of AH66 cells with 0.3 M GSH-DXR caused a
continuous increase in JNK activity after 6 h of treatment,
however the same treatment resulted in slight dissociation of
endogenous GST P1-1 bound to the INK molecule. It was
suggested that the decrease of endogenous GST P1-1 in cells
treated with GSH-DXR was dependent upon the amount of
JNK-binding GST P1-1. GSH-DXR-induced apoptosis oc-
curred through the mitochondrial pathway, and this reac-
tion was suppressed by approximately 64% as the result of
co-treatment with 5 uM SP600125, an inhibitor of JNK.
However, caspase-8 but not caspase-12 was activated by
the treatment. Therefore, GSH-DXR-induced apoptosis may
be carried out through both the mitochondrial pathway and
membrane death domain. At least, INK activation must bein-
duced via apoptosis caused by treatment with GSH-DXR. Al-
though GSH-DXR possessed other apoptosis-inducing path-
ways, including those inhibiting topoisomerase II activity
such as, peroxidation of membrane lipid, and calpain acti-
vation, an adequate mechanism of the conjugate has not yet
been found to explain the occurrence of potent apoptosis
(unpublished data). These findings suggested that the activa-
tion of INK in cells treated with GSH-DXR mainly caused
apoptosis via the mitochondrial pathway [34-36]. Several
reports demonstrated that the transient activation of JNK
led to cell proliferation or differentiation and that prolonged
JNK activation caused apoptosis [10-14, 43—45]. Moreover,
strong and prolonged activation of JNK has been reported
in response to lethal doses of a variety of stresses including
UVC, y-radiation and cisplatin, any one of which triggers
apoptosis [10, 11, 13, 14, 45]. In our experiment, T7-GST P1-
1/wild was able to bind to JNK and decreased JNK activity.
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Both T7-GST P1-1/W38H and T7-GST P1-1/C47S bound
also to JNK, but these mutants had little inhibitory effect on
the activity of INK. Although T7-GST P1-1/W38H had lost
GST activity, the mutant partially inhibited JNK activity. It
is therefore more likely that it was not the catalytic efficiency
of GST Pi-1, but the presence of an intact flexible loop that
was necessary for JNK inhibition. This notion is supported
by the report of Adler et al. indicating that a flexible loop of
GST-pi active center region is important for inhibiting JNK
activity [8. 9] using a peptide of the region.

These results suggested that the suppression of GST P1-1
expression and the inhibition of GST P1-1 enzyme activity
in cells treated with GSH-DXR potently induced apoptosis
via JNK activation. They also suggested that sustained ac-
tivation of JNK vig GST P1-1 suppression resulting from
treatment with GSH-DXR might induce apoptosis and that
the active center region of GST P1-1 was also important in
the inhibition of JNK activity. In fact, these enzyme active
center-directed mutants that lost their GST enzyme activity
also bound to JNK to the same extent as the wild-type, how-
ever, both mutants failed to inhibit JNK activity. Moreover,
it was confirmed in the AH66 cell line overexpressing GST
P1-1 and its mutant that binding of Flag-GST P1-1/W38H
and Flag-GST P1-1/C47S to JNK could not even partly in-
hibit the activity of JNK; and in fact, slightly increased the
induction of apoptosis in AH66 cells transfected with GST
P1-1 mutated by treatment with GSH-DXR. These findings
suggested that the existance of endogenous GST P1-1 weak-
ened the effect of the expressed GST P1-1 mutant on JNK
inhibition.

We have reported that GSH-DXR showed non-
competitive inhibition of GST activity [42]. meaning that
it is an allosteric inhibitor that does not bind to the active-
site directly. It is much more likely that GSH-DXR binds
directly to the flexible loop region, thereby preventing its
inhibitory action on JNK, which is an interesting effect of
the conjugate. We also showed that GSH-DXR activated the
enzyme activity of JNK without any dissociation of GST
P1-1 from the complexed JNK. These results showed that
GSH-DXR bound to the GST P1-1 molecule and not to the
active center and C-terminal JNK-binding regions. In this
experiment, the concentration of GSH-DXR that is known
to show 90% inhibition of GST P1-1 activity, 10 M [26],
was used for the assay of INK activity, since the intracellular
GSH-DXR concentration was estimated to be approximately
10 uM when the cells were incubated with 0.3 uM GSH-
DXR for 24 h as described in previous reports [24]. There-
fore, our results predicted that conformational change in the
structure of GST P1-1 caused by the binding of GSH-DXR,
re-activated the suppressed JNK catalytic kinase domain or
its active site (ATP-binding site on JNK), even though GST
P1-1 bound to JNK. As protein-protein interactions leading
to the formation of protein complexes are thought to be crit-
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ical for the normal function of the JNK signaling pathway,
conformational change in the binding partner, GST P1-1,
is one of the key events in modulation of the JNK enzyme
activity. GSH-DXR-treatment suppressed the expression of
GST PI-1 although GST PI1-1 (mRNA and protein) was
transiently expressed at 6 h after treatment [26]. This result
suggested that the transient expression of GST P1 mRNA
was induced by accelerated translation through the activa-
tion of c-Jun via JNK activation. However. findings have
suggested that a sustained activation of JNK via GST P1-1
suppression by treatment with GSH-DXR might cause induc-
tion of apoptosis through mitochondrial damage; moreover,
enzyme activity of GST P1-1 was also found to be an im-
portant factor in inhibiting JNK activity. It was also reported
that the transient activation of JINK led to cell proliferation or
differentiation, but prolonged JNK activation caused apopto-
sis [12]. Moreover, strong and prolonged activation of JNK
has been reported in response to lethal doses of a variety of
stresses including UVC, y radiation and cisplatin, any one
of which triggers apoptosis [0-14]. Therefore, the suppres-
sion of GST P1-1 expression may be effective in preventing
GST P1-1-dependent drug-resistance in several organs.
Demonstration of the molecular interaction was reported,
but it was shown that the C-terminal region of GST P1-
1 linked indirectly with JNK through competitive binding
of the restricted polypeptide of the C-terminal region of
the GST PI-1 molecule, which thereby interfered with di-
rect binding between JNK and GST P1-1 [7-9]. Since the
positively charged sequence contained residues 194-201 of
human GST-pi corresponding to residues 194-209 in rat
GST PI1-1 in the present study, it was expected that the
C-terminal region of GST PI1-1 must bind to the negatively
charged C-terminus of INK [6-9]. In the present study, using
the deletion mutant of the C-terminal region (T7-GST P1-
1/AC(194-209)) as well as the site-directed mutant of the
same region (T7-GST P1-1/R201A) of GST PI1-1, we clar-
ified that the C-terminal region of GST P1-1 binds to JNK.
This indicates that the association of GST P1-1 with JNK
molecule-regulated JNK activity and that the C-terminal re-
gion of GST P1-1 was essential for binding to JNK. It was
consisted with the result by Adler et al. [8, 9]. It has been
described that Hsp72 has a polypeptide-binding domain of
the C-terminal region {46, 47], and binding of the domain to
JNK inhibits the activity of JNK [15]. Although GST P1-1
does not have polypeptide-binding domain like Hsp72, the
C-terminal region is important for exhibiting the activity that
forms a homodimer [19]. It is suggested that the C-terminal
region of GST P1-1 binds to a specific peptide domain like
the C-terminal region of JNK. It was also reported that GST
P1-1 and Hsp72 bound to a C-terminal fragment (200—424)
of JNK [7-9, 15]. Since both the ATP-binding site (55K)
and phosphorylation sites (183T and 185Y) [48] were not
contained in the fragment, it was presumed that binding of
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GST PI1-1 to JNK exhibited an allosteric inhibitory effect
on kinase activity. It was also possible that other sites, such
as the N-terminal fraction or active center of the GST P1-1
molecule, disturbed the expression of JNK activity. As men-
tioned in previous reports, the polypeptide-binding domain
(436-618) of Hsp72 binds to JNK and inhibits JNK activity,
whereas both the ATP-binding region (120-428) and the N-
terminal region (1-120) of Hsp72 does not bind to JNK nor
inhibit INK activity [15]. Therefore, it may be important for
the suppression of JNK activity that the active center of GST
P1-1 interferes with the ATP-binding site of JNK.

Further study will attempt to identify a specific signaling
pathway that plays a role in GSH-DXR-induced apoptosis.

Conclusion

We confirmed here a key role of the regulatory mechanism of
inhibiting JNK activity by means of binding of GST P1-1 to
JNK using GST P1-1 mutants of the C-terminal region and
the active center domain. GSH-DXR induced JNK activation
following the induction of apoptosis via the mitochondrial
pathway. Although binding of the C-terminal region of GST
P1-1 to the JNK molecule inhibited JNK activity, allosteric
inhibition of GST P1-1 avtivity by binding of GSH-DXR
following conformational change in the active center region
enhanced JNK activity following the induction of apoptosis.
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-Abstract

Transcriptional coactivator with PDZ-binding motif (TAZ) protein is a coactivator of Runx2 and corepressor of PPARY. It also
induces differentiation of mesenchymal cclls into ostcoblasts. In this study, we found that FGF-2, which inhibits bone mineralization
and stimulates ccll proliferation, reduced the TAZ protcein expression level in osteoblast-like cells, MC3T3-El. This reduction was recov-
ercd by removing FGF-2 from the culture medium, which also restored the osteoblastic features of MC3T3-El cells. Furthermore, FGF-
2-induced reduction of TAZ is blocked by a SAPK/INK-specific inhibitor. These findings suggest that the expression of TAZ protein is
involved in osteoblast proliferation and differentiation. This may help elucidate the discrepancies in the effect of FGF-2 and contribute to

the understanding of FGF/FGFR-associated craniosynostosis syndrome ctiology and treatment.

© 2007 Elsevier Inc. All rights reserved.
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Transcriptional coactivator with PDZ-binding motif
(TAZ) was first reported as a 14-3-3-binding protein in
the cytoplasm [1] that interacts with a variety of transcrip-
tion factors and exhibits transcriptional regulatory func-
tions. TAZ is believed to regulate gene expression during
embryogenesis [2] and development of bone [3,4], muscle
[5], fat [4], lung [6], heart, and limb [7]. Furthermore, a
recent study indicates that TAZ acts as a transcriptional
regulator for the differentiation of mesenchymal stem cells
into osteoblast cells [4]. In this case, TAZ functions as a
coactivator of Runx2, which is a master regulator of osteo-
blast differentiation. Simultaneously, it also acts as a core-
pressor of PPARY, which is a master regulator of adipocyte
differentiation. These reports reveal that TAZ plays an
important role in mesenchymal stem cell differentiation;
however, the regulatory mechanism of TAZ expression in
osteoblasts has not been elucidated.

" Corresponding author. Fax: +81 3 5400 1251.
E-mail address: pko@jikei.ac.jp (K. Ohkawa).

0006-291X/S - see front matter © 2007 Elsevier Inc. All rights reserved.
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The proliferative expansion of mesenchymal cells, osteo-
progenitor cells, and preosteoblasts in response to mitotic
growth factors is critical for skeletal development and bone
formation. Bone matrix contains large quantities of growth
factors, which modulate bone formation by stimulating
osteoblast proliferation and differentiation. Among these
growth factors, fibroblast growth factor-2 (FGF-2) plays
an important role in the control of osteogenesis during
skeletal development [8] It has been shown that in mice
with disrupted FGF-2 gene (loss of function), osteoblast
proliferation and differentiation are decreased, resulting
in significant reduction in bone mass with ageing [9,10].
In transgenic mice, where FGF-2 is overexpressed (gain
of function), reduction of osteoblast differentiation is also
observed, resulling in abnormal bone phenotype, such as
shortening and flattening of long bones [11,12]. Although
FGF-2 is a potential mitogen for osteoblast cell lineage
and increased bone formation, continuous treatment with
a high concentration of FGF-2 inhibits differentiated func-
tion of osteoblasts by suppressing synthesis of type I colla-
gen and other proteins [13-15]. FGF-2 activates several
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signal transduction pathways in osteoblasts, including
mitogen-activated protein (MAP) kinase [16,17]; however,
the mechanism of the pathway and its effects on osteoblast
function have not yet been understood.

In this study, we found that the intracellular level of
TAZ protein in osteoblastic MC3T3-El cells reduces by
treatment with FGF-2, not other osteogenic cylokines,
and almost completely disappears after 2 days. This reduc-
tion was mediated by a stress-activated protein kinase/c-
Jun N-terminal kinase (SAPK/INK) that is downstream
of the FGF signal transduction pathway. The intracellular
level of TAZ protein is recovered by removing FGF-2 from
the culture medium.

Materials and methods

Materials. Human recombinant FGF-basic (FGF-2), BMP-2, BMP-7,
and TGF-BI were purchased from PeproTech EC Ltd. (London, UK);
additional BMP-7 was purchasced from R&D Systems Inc. (Minncapolis,
MN, USA). Anti-TAZ antibody was purchascd from GeneTex Inc. (San
Antonio, TX, USA); anti-GAPDH antibody (clonc 6C5) was purchased
from Chemicon International Inc. (currently Millipore Corp.); and sec-
ondary antibodics (Histofine Simple Stain AP[M] and AP[R]) were pur-
chased from Nichirci Corp. (Tokyo, Japan). Fetal bovine serum (FBS)
was purchased from MP Biomedicals Inc. (Aurora, OH, USA); and a-
Minimum Essential Medium (a-MEM) was purchased from Invitrogen
Corp. (Carlsbad, CA, USA). MAP kinasc inhibitors (SP600125, SB202190
and PD98059) were purchased from Tocris Cookson Ltd. (Bristol, UK).

Cell cudtures. The osteoblast-like ccll line MC3T3-E1 was maintained
in a-MEM supplemented with 10% FBS [18,19]. To induce ostcoblast
diffcrentiation, the cells were grown in 100-mm plates at subconfluent
state, and then the cells were trypsinized and subcultured at 30,000-
50,000 cells/cm? in a 6-well plate. After 24 h, the medium was replaced
with differentiation medium (2-MEM containing 10% FBS with 2mM .-
ascorbic acid 2-phosphate and 4 mM B-glycerophosphate). The media
were replaced every 3 days. All the cells were incubated in a humidified
incubator with 5% CO, at 37 °C.

RNA isolation and reverse transcription-polymerase chain reaction ( RT-
PCR). RNA isolation and RT-PCR were carried out according to the
manufacturer’s specifications. Total cellular RNA was isolated using SV
Total RNA Isolation System (Promega, Madison, WI, USA) and its
concentration was determined using a spectrophotometer. Reverse tran-
scription was carricd out using Transcriptor Reverse Transcriptase (Roche
Applied Science, Mannheim, Germany) with oligo-dT (15mer) primer.
cDNAs were then amplified using GoTaq® Green Master Mix (Promega)
with a pair of gene-specific primers. Primer sequences for the analyzed
genes were as follows: TAZ: 5'-GTCACCAACA GTAGCTCAGA TC-3'
and 5-AGTGATTACA GCCAGGTTAG AAAG-3'; osteocalcin: 5'-AC
CATGAGGA CCATCTTTCT-3' and 5'-CTGCTGTGAC ATCCATAC
TT-3'; aP2: 5"-TGATGCCTTT GTGGGAACCT-3' and 5'-TTTGGCTC
AT GCCCTTTCAT-3'; GAPDH: 5-ACTTTGGCAT TGTGGAAGG
G-3’ and 5'-TTACTCCTTG GAGGCCATGT-3".

Inmunoblotting. Cells were washed with phosphate-buffered saline
(PBS) and harvested. Harvested cells were lysed with SDS-PAGE sample
buffer (50 mM Tris~HCI, pH 6.8, 2% SDS, 10% glycerol, 0.05% bromo-
phenol blue) and immediately boiled at 100 °C for 5 min. The whole cell
extracts were quantified with a DC protein assay kit (Bio-Rad Labora-
tories, Hercules, CA, USA) and 30 pg of each sample was subjected to
SDS-PAGE on 12% acrylamide gel. After SDS-PAGE, proteins were
transferred to nitrocellulose membranes. The blotted membranes were
blocked with blocking buffer (Tris-bufferd saline, 0.05% Tween 20, 0.1%
gelatin, 0.1% casein) and then incubated with primary antibodies (1:1000
dilution) in blocking buffer. After washing the membranes, the bound
primary antibodies were detected with alkaline phosphatase-labeled sec-
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ondary antibodies {1:200 dilution) and visualized by BCIP/NBT color
development reaction.

Alizarin red S staining. The mincralization of MC3T3-El cclls was
determined in 6-well plates using Alizarin red S staining. After the con-
fluent cells were grown in diflerentiation medium for 21 days, the cells were
fixed in 10% formalin/PBS for 10 min and stained with 1% Alizarin red §
in cach well for 30 min. The dye from the wells was washed thoroughly
with distilled water and dried.

Results and discussion
FGF-2 regulates intracellular protein level of TAZ

Since it is known that TAZ binds to Runx2 and pro-
moles its transcriptional function on the osteocalcin pro-
moter [3,4], we investigated the regulatory mechanism of
TAZ expression in MC3T3-El cells. To identify the effect
of osteogenic cytokines on the expression of TAZ, we ana-
lyzed the TAZ protein level in the MC3T3-E|l cells with
immunoblotting (Fig. 1A). Interestingly, TAZ protein
was diminished in the MC3T3-El cells were treated with
FGF-2 (100 ng/ml) for 48 h, but its expression was not
affected or was slightly increased in the presence of other
osteogenic cytokines, such as BMP-2 (100 ng/ml), BMP-6
(100 ng/ml), BMP-7 (100 ng/ml), and TGF-B1 (50 ng/ml).
In unpublished observations, Hong and Yafle noted that
TAZ levels increased several fold when mesenchymal stem
cells were stimulated to differentiate into osteoblasts by
treatment with BMP-2 [20]. However as shown in
Fig. 1A, such upregulation of TAZ protein was not
observed. This is probably because of the MC3T3-E1 cells
that already exhibit some features of osteoblasts. In addi-
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Fig. 1. Effect of osteogenic cytokines on the expression of TAZ protein
and mRNA. TAZ and GAPDH proteins were analyzed by immunoblot-
ting of whole cell extract (30 pg protein) (A-C). TAZ and GAPDH
mRNA were analyzed by RT-PCR (D). (A) MC3T3-El cells were cither
not treated (-) or treated with FGF-2 (100 ng/ml), BMP-2 (100 ng/ml),
BMP-6 (100 ng/mi), BMP-7 (100 ng/ml), and TGF-$1 (50 ng/m]) for 48 h.
(B-D) MC3T3-E1 cells were not treated (—) or treated (+) with 100 ng/m}
FGF-2 at the given time.
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tion, a clear reduction of TAZ protein in a time-dependent
manner was observed (Fig. 1B and C). TAZ protein grad-
ually decreased from 4 to 24 h after FGF-2 treatment and
almost completely disappeared after 48 h. At these points,
surprisingly, mRNA expression of TAZ was gradually
upregulated as opposed to protein downregulation
(Fig. 1D). Therefore, the reduction of TAZ protein might
not regulate a transcriptional but instead a translational
or postiranslational process. Our preliminary experiments
confirm that TAZ protein reduction was not blocked by
protease inhibitors (e.g. serine protease inhibitor, AEBSF;
cysteine protease inhibitor, E64d; aspartic protease inhibi-
tor, pepstatin-AM; calcium chelator, EGTA-AM,; calpain
inhibitor, PD150606; lysosome inhibitor, NH4Cl and pro-
teasome inhibitor, MG132) (data not shown). Further
investigation will be required to elucidate the mechanism
underlying the downregulation of TAZ protein by FGF-2
treatment in MC3T3-E! cells.

FGF-2-induced reduction of TAZ protein was mediated by
SAPKIJNK signaling

It is currently known that the MAP kinase mediates
intracellular signaling of FGF-2 in osteoblasts and plays
a crucial role in cellular functions including proliferation,
differentiation, and cell death [16,17]. Three major MAP
kinases, SAPK/INK, p38 MAP kinase (p38) and extra-
cellular signal-regulated kinase-1/2 (ERK1/2) are known
as central elements in mammalian cells. To determine
which MAP kinase is involved in the reduction of TAZ
protein, specific inhibitors to each MAP kinase pathway
were utilized as follows: SP600125, characterized previ-
ously as a specific inhibitor for SAPK/INK [21]
SB202190, identified as a p38-specific inhibitor {22] and
PD98059, shown to act as a highly selective inhibitor
of MEKI, which is the kinase upstream of ERKI/2
[23]. As shown in Fig. 2A, SP600125 inhibited the reduc-
tion of TAZ protein in a dose-dependent manner in the
presence of FGF-2. In contrast, SB202190 and PD98059
did not affect the reduction of TAZ protein (Fig. 2B and
C). These results clearly indicate that the reduction of
TAZ protein is mediated by SAPK/JNK signaling, which
is downstream of the FGF signal transduction pathway.
Earlier studies indicated that FGF-2 has a proliferative
effect on rat and human primary osteoblasts as well as
mouse osteoblastic MC3T3-E1 cells [8]. Certainly, incor-
poration of BrdU, which is used to observe DNA repli-
cation in MC3T3-El cells is enhanced by FGF-2
treatment (data not shown). Furthermore, MC3T3-El
cells changed from fibroblast-shaped to spindle-shaped
cells after treatment with FGF-2 (data not shown). Since
TAZ is assumed to be an important factor in the differ-
entiation of mesenchymal stem cells into osteoblasts [4],
the diminution of TAZ protein caused by treatment with
FGF-2 possibly gave rise to the shift from osteoblastic
differentiation state to proliferation state of MC3T3-El
cells.
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Fig. 2. Involvement of MAP kinase on the reduction of TAZ protein.
MC3T3-E! cells were treated with predetermined concentrations of MAP
kinase inhibitors specific for SAPK/JNK (SP600125) (A), p38 (SB202190)
(B), and MEK 1, which is the kinasc upstream of ERK 1/2 (PD98059) (C),
respectively. After the addition of these inhibitors, the cells were either not
treated (-) or trcated (+) with 100 ng/ml FGF-2 for 48 h. TAZ and
GAPDH proteins were analyzed by immunoblotting of the whole ccli
extract (30 pg protein).

Osteoblastic feature of MC3T3-El cells was recovered by
removing FGF-2 from the culture medium simultaneous
increase of TAZ protein

Recently, it was reported that TAZ protein {unctions as
a coactivator of Runx2, which is a master regulator of
osteoblast differentiation in mesenchymal stem cells. Simul-
taneously it functions as a corepressor of PPARY, which is
a master regulator of adipocyte diflferentiation. Here, we
demonstrated the downregulation of TAZ protein by treat-
ment with FGF-2 of the osteoblastic MC3T3-El cells.
Thus, in our study, the expression of osteocalcin mRNA,
which is targeted by Runx2, should be downregulated.
Conversely, the expression of aP2 mRNA, which is tar-
geted by PPARY may be upregulated. The RT-PCR analy-
sis confirmed that the osteocalcin mRNA gradually
decreased after treatment with FGF-2, whereas the aP2
mRNA increased (Fig. 3A). In addition, with the removal
of FGF-2 from the culture medium the osteocalcin mRNA
expression was shifted from a reduced to an elevated state
(Fig. 3B). Conversely, the aP2 mRNA expression was
shifted from an elevated to a reduced state after substitu-
tion of the medium. Furthermore, we analyzed the alter-
ation in the expression level of TAZ protein after
substitution of FGF-2-containing culture medium with
FGF-2-free medium (Fig. 3C). The results of immunoblot-
ting indicate that the content of TAZ protein could be
gradual increased from the reduced condition by the treat-
ment with FGF-2. It is known that continuous treatment
with FGF-2 inhibits the expression of preosteoblastic
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Fig. 3. Recovery of osteogenic features in MC3T3-El. Ostcocalcin, aP2 and GAPDH mRNA were analyzed by RT-PCR. MC3T3-E1 cclls were either not
treated (—) or treated (+) with 100 ng/ml FGF-2 for the given time (A,B). (B} After the treatment with FGF-2 for 2 days, the culture medium was replaced
with FGF-2-frec medium and the cells were cultured for various time periods (up to 10 days). (C) TAZ and GAPDH proteins were analyzed by
immunoblotting of whole cell extract (30 pg protein). MC3T3-E| cells were cither not treated (=) or treated (+) with 100 ng/ml FGF-2 for the given time.
After the treatment with FGF-2 for 2 days, the culture medium was replaced with FGF-2-free medium and the cells were cultured for various time periods
{(up to 8 days). (D) The mincralization of MC3T3-El cclls was determined using Alizarin red S staining. MC3T3-El cells were either not treated (—) or
trcated with 100 ng/ml FGF-2 transiently (Day 1-2) or continuously (Day 1-21).

markers (alkaline phosphatase and type 1 collagen) and
mature osteoblastic markers (osteocalcin and bone syalo-
protein) in murine marrow stromal cells and human cal-
varia osteoblastic cells. Further, in long-term culture,
continuous treatment with FGF-2 also inhibited minerali-
zalion, which caused osteoblastic differentiation of these
cells and MC3T3-E1 cells [15,24.25]. In Fig. 3D, we con-
firmed the inhibition of mineralization by continuous treat-
ment with FGF-2 (Day 1-21) in MC3T3-El. By contrast,
the inhibition of mineralization was not found by transient
2 days treatment with FGF-2 (Day 1-2). The transient per-
iod of FGF-2 exposure is sufficient to abolish the TAZ pro-
tein expression in MC3T3-El cells. And then, after the
proliferation, osteoblastic features may be recovered con-
comitant with the recovery of TAZ protein expression.
Taken together, these results suggest that differentiating
ability with osteoblastic feature of MC3T3-El cells was
restored from proliferation state, which was produced by
the treatment of FGF-2.

This study is the first to reveal that FGF-2 reduces the
endogenous TAZ protein level mediated by the SAPK/
JNK signaling pathway, and this reduction was recovered
by removing FGF-2 from the culture medium. Previous
studies have indicated that FGF-2 has both stimulatory
and inhibitory effects on bone formation in vitro and
in vivo. It was reported that FGF-2 inhibits extracellular
matrix protein synthesis and mineralization, which is
caused by osteoblastic differentiation in vitro [13,14,25].
FGF-2 transgenic mice (overexpression and knockout) dis-
played abnormal bone phenotypes resulting in a decrease in
osteoblast differentiation [9,11,12]. Furthermore, persistent

FGF signaling by mutations in FGF receptor (FGFR) were
responsible for several clinically distinct craniosynostosis
syndromes in humans [26]. In contrast, it was reported that
FGF-2 increases osteoblast differentiation and extracellular
maltrix mineralization in vitro [27-32]. In addition, FGF-2
accelerates fracture healing and bone formation in vivo
[33-38]. As a result, little is known about causes of discrep-
ancies in the effects of FGF-2. In our study, TAZ expression
was regulated by FGF-2, suggesting that the expression of
TAZ protein is involved in osteoblast proliferation and dif-
ferentiation. This may help elucidate the discrepancies and
contribute to the understanding of FGF/FGFR-associated
craniosynostosis syndrome etiology and treatment.
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Abstract

AIM: To investigate the expression of survivin during the
early stages of hepatocellular carcinoma (HCC).

METHODS: Immunohistochemical expression of
survivin in liver tumor and non-tumor tissue specimens
taken from 17 patients was compared. In addition, to
determine the survivin expression in response to anti-
cancer drugs in early stage HCC, the survivin expression
was determined after the treatment of the HCC cells with
anti-cancer drugs under hypoxic culture conditions.

RESULTS Survivin proteins were expressed in 64.7% of
cells in early HCC specimens. A correlation between the
survivin expression rate in the peritumoral hepatocytes
and the rate of expression in the HCC specimens (low-rate
groupvs high-rate group) was observed. The survivin
protein concentration in HCC cells was increased by the
combination of hypoxia and anti-cancer drugs.

CONCLUSION: This study suggests that survivin could
be used as a therapeutic target in early HCC.

© 2007 WJG. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a major health
problem worldwide. There are more than 500000 new
cases diagnosed cach vear, with an age-adjusted incidence
of 5.5-14.9 per 100000 peoplem. In some areas of Asia
and the Middle East, HCC ranks as the most frequent
cancer-related cause of death. The incidence of HCC is
also increasing in Europe and the United States™. A more
effective therapy thus needs to be developed from early
stages.

Survivin is a member of a family of inhibitors of
apoptosis protein (IAP), which has been implicated
in both the control of cell division and the inhibition
of apoptosis. Specifically, its anti-apoptotic function is
associated with the ability to directly or indirectly inhibit
caspases. By inhibiting apoptosis and promoting mitosis,
survivin facilitates cancer cell survival and growth™™,
Survivin is selectively expressed in the most common
human neoplasms and appears to be involved in tumor
cell resistance to some anticancer agents and ionizing
radiation™.

Several preclinical studies have demonstrated: that
the down-regulation of survivin expression/function
by the use of anti-sense oligonucleotide, dominant
negative mutants, ribozymes, small interfering RNAs and
cyclin-dependent kinase inhibitors increased the rate of
apoptosis, reduced tumor growth potential and sensitized
tumor cells to various chemotherapeutic drugs and
y-irradiation in 7 vitro and 7 wwe models of various types
of human tumors®™. Morcover, YM155 is the first agent
designed to inhibit survivin. Some early phase clinical
studies demonstrated that this novel anticancer agent was
well tolerated and shrank tumors in some patients with
non-Hodgkin lymphoma and hormone-refractory prostate
cancer that recurred after conventional chemotherapy. In
addition, interim reports indicate that there are few side
effects.

These results suggest the possible efficacy of the
survivin inhibitor on HCC. It may be effective for patients
with early stages of HCC. Survivin is expressed in
HCC"™. However, the expression during the early stages
of HCC has not been characterized pathologically. In
addition, previous results have shown that survivin gene
transcription is increased in hypoxic tumor cells"™. The
well-differentiated HCC has portal blood flow and is not
hypervascularm}. In order to compare the expression of
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survivin and the efficacy of anti-cancer drugs, HCC cells
were cultured in a hyposic environment.

MATERIALS AND METHODS

Patients

The study population included 17 patients (11 men and
6 women; median age 68 years, range 56-81 vears) who
underwent a tumor biopsy between January 2004 and
December 2005 in the Jikei University Daisan Hospital,
‘Tokyo, Japan (Table 1). All patients underwent biopsies to
confirm the diagnosis of HCC. These tissuc specimens
were examined retrospectively. This study was approved by
the Jikei University Ethics Committee Institutional Review
Broad.

Pathologic specimens

Tumor specimens were obtained by tumor biopsies with a
21-G fine-needle aspiration kit. Non-tumorous liver tissue
specimens were concurrently obtained by an 18-20-G
needle liver biopsy. Formalin-fixed, paraffin-embedded
specimens of liver tumor and non-tumor tissues were
processed for conventional histological assessment by
hematoxylin and eosin (H&E) staining. The tumors were
histologically graded as well or moderately differentiated.

Immunchistochemical analysis

For the immunohistochemical analysis, formalin-
fixed, paraffin-embedded specimens were used after
deparaffinization. A rabbit anti-human survivin polyclonal
antibody (Diagnostic BioSystems, USA) was used at
dilution of 1:2000 as the primary antibody, which was
detected with ENVISION + Rabbit/HRP (Dako,
Japan). The specimens were heated in a microwave oven
containing antigen retrieval solution (10 mmol/L citrate
buffer, pH 6.4) at 121°C for 15 min for the retrieval
of the antigens and then cooled to room temperature.
3, 3-Diaminobenzidine and hematoxylin were used for
color development and counterstaining, respectively. Cells
with brown-colored nuclei were regarded as positive.
The mean percentage of survivin-positive HCC cells was
determined in three areas at 100 X magnification with the
nuclear labeling index (labeled nuclei/500 nuclei). The
same method was performed for hepatocytes in non-
tumorous biopsy specimens.

HCC cell line cultured in the combination of hypoxia and
anti-cancer drugs environment

Human hepatocellular carcinoma cell line FLC-7 was
cultured with RPMI-1640 (Invitrogen, Carlsbad, CA)
medium supplemented with 100 mL/L heat-inactivated
fetal bovine serum (FBS) under conventional conditions
at 37°C in a humidified atmosphere containing 50 mL/L
COM until the cells were 70%-80% confluent. Cells were
then used for culture under hypoxic conditions employing
the AnaeroPack for cell (Mitsubishi Gas Chemical Co.,,
Tokyo, Japan) packaging device. The cells were sealed
tightly and incubated at 37°C for either 6 or 96 h. In
addition, for the anti-cancer drug therapy, the cells were
cultured contnuously with 0.1 umol/L farmorubicin (EPT)
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fiableRillCharacteristicsfofichelpatientsfundergoingitumoi
Uspdes @ = 970

Features Values
Age, yr 68 (56-81)
Sex (Male/Female) 11/6
AFP (ng/mL) 21 (3-444)
HBsAg/HCVAD 3/14
Tumor size (mm) 15(8-23)
Cirrhosis (positive/negative) 5/12
Differentiation (well/ moderate) 11/6

Data arc expressed as the medians with ranges in parentheses unless
indicated otherwise. MBsAg: Anti-hepatitis B surface antigen; HCVAb: Anti-
hepatitis C antibody; Well: Well-differentiated HMCC; Moderate: Modcerate-
differentiated 11CC; Normal ranges: AFP (alpha-feto protein) > 20 ng/mL.

Name Forward sequence (5'-3') Reverse e (5'-3')

Survivin GCCCAGTGITTCTTCT GCACTTTCTTCGCAGT
GCIT TTCC

B-actin AGCCATGTACGTAGC AAGTGGTGGTGTCGAC
CATCC 1CIC

containing growth medium for 6 or 96 h. The cytotoxicity
(IC50) with EPI of FLC-7 cells determined the medication
concentration (Normoxia cultured for 96 h, data not
shown).

Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted from the cells using the RNeasy
kit (Qiagen, Hilden, Germany). The mRNA was reverse
transcribed into cDNA using the Prime script (TAKARA
BIO INC, Shiga, Japan). The specific cDNA target
sequences for survivin were amplified by a PCR reaction
mixture consisting of 1 ulL. cDNA template, 10 p,mol/L
each primer (Primer sequences are listed in Table 2), PCR
Master Mix (Go taqg, Promega, Madison, WI, USA). The
PCR conditions were: initial pre-denaturation at 95°C for
5 min; 30 amplification cycles of denaturation at 95°C for
30 s, primer annealing at 55°C for 30 s, and elongation
at 72°C for 60 s; and a final extension at 72°C for 5 min.
PCR products were analyzed on a 20 g/L agarose/ TBE gel
electrophoresis and compared to the expression of B-actin
as a housekeeping gene.

Western blotting

The harvested cells cultured in either a normal or hypoxic
environment for 96 h with or without 0.1 pmol/L of
EPI were washed with ice-cold PBS and lysed in ice-
cold 5 mL/L Triton X-100 containing 10 mmol/L
EDTA. The cell lysate was centrifuged at 15000 g for 5
min and the supernatant was used for Western blotting,
Thirty micrograms of protein was separated on 150 g/ L
polyacrylamide gels and transferred onto 0.2-um
nitrocellulose membranes by wet blotting (20 mA for
60 min). Membranes were blocked with blocking buffer
(1 x TBS, 1 g/L Tween-20, 1 g/L casein gelatin) for 0.5 h
at 37°C and stained with the specific antibody for survivin

www.wjgnet.com
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Figure 1 Immunopathological staining of survivin in HCC and peritumoral
biopsytissues. A: Non-tumor biopsy {x 100); B: Tumor biopsy (x 100); C: Non-
tumor-biopsy (x 400); D: Tumor-biopsy (x 400).

(1:1000; Novus Biologicals, Littleton, USA). The complex
of antigen with the primary antibody was completely
labeled with the secondary antibody, anti-rabbit IgG
alkaline phosphatase conjugate (1:2000; Sigma-Aldrich
Japan, Tokyo, Japan). The survivin band was visualized
with 5-bromo-4-chlor-3-indoly-phosphate/nitro blue
terazulium (Sigma-Aldrich Japan, Tokyo, Japan).
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Figure 2 Nuclear survivin expression rates in HCC biopsies and non-tumor
biopsies samples. In tumor biopsies, > 500 survivin-expressing HCC cells were
counted in three areas at 100 x magnificafion using the nudear labeling index. In
non-tumor biopsies, > 500 survivin-expressing hepatocyte cell were counted in
three areas at 100 x magnification using the nuclear labeling index.

Protein determination

Protein concentration was assayed by a Bio-Rad protein
assay kit (Bio-Rad Lab., Tokyo, Japan) using BSA as the
standard.

Statistical analysis

Statistical analyses were performed using the Wilcoxon-
Mann-Whitney two-sample rank-sum test. A P value less
than 0.05 was considered statistically significant.

RESULTS

Rates of survivin expression in early HCC and in non-
tumorous liver tissues

In HCC tissues, the rate of survivin expression was
determined by counting survivin-positive cancer cells
(Figure 1). The average survivin expression rate was 64.7%
(median). The samples with a survivin expression rate
over 50% were regarded as high-rate group, while the
three samples with a survivin expression rate under 50%
were regarded as low-rate group (Figure 2). In early-stage
HCC with a tumor size > 10 mm (7 = 3), the expression
rate ranged for 67.7%-83.7%. The expression rate of
survivin in HCC had ne significant correlation to the level
of differendation of HCC. In non-tumorous liver tissues,
survivin expression rates were counted in all hepatocytes.
The average of survivin expression was 36.3% (median,
Figure 2). A correlation between the survivin expression
rate in peritumoral cells and the rate of expression in the
HCC specimens (low-rate group us high-rate group) was
observed. A significant difference in survivin expression in
the hepatocyte was observed between the high-rate group
and low-rate group (P < 0.01, Figure 2).

Survivin expression of HCC cells in hypoxic conditions
and post-treatment with anti-cancer drugs

The hypoxic environment increased the survivin
mRNA expression in both short-term and long-term
cultures (Figure 3). Under both normoxia and hypoxia,
the survivin mRNA concentrations increased in the
presence of anti-cancer drugs in the short-term culture.
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Figure 3 Expression of survivin mRNA in a hypoxic and anti-cancer drug-
containing medium. The survivin mRNA expression increased under hypoxia,
by anti-cancer drug treatment, and in presence of the both conditions in the
6-h culture. The survivin mRNA expression increased under hypoxia and in the
combined conditions of hypoxia and anti-cancer drug in the 96-h culture.

Nevertheless, the survivin mRNA concentrations only
increased in the combination of hypoxic culture and
anti-cancer drugs in the long-term culture (Figure 3).
No survivin protein expression was observed in the
hypoxia culture (Figure 4). In contrast, the survivin
protein concentration increased with the anti-cancer
drug concentrations. Moreover, the survivin protein
concentrations increased when cultured in a combination
of hypoxia and anti-cancer drugs (Figure 4).

DISCUSSION

The suppression of apoptosis is thought to contribute
to carcinogenesis due to several mechanisms, including
unusually prolonging the cellular lifespan, facilitating the
accumulation of gene mutations and permitting growth
factor-independent cell survival™. In addition, since the
host's immune system normally eliminates cancer cells
by induction of apoptosis, inhibition of this process is
critical for cancer cells survival. Several proteins, including
the bcl-2 family and the IAP family, are involved in the
inhibition of apoptotic signaling"*'®, Survivin, a novel
member of the TAP family, inhibits the activation of
caspase-3 and -7, which are downstream effectors of
apoptosis, in cells exposed to apoptotic stimali' ™",
Previous studies have shown that survivin is expressed at
a high level in 60%-100% of the most common human
tumor types, including colon, pancreas, breast, lung, liver,
brain, lymphoma, melanoma and prostate cancers®"
The elevated expression of survivin is associated with
poor patient survival®®, In the present study, positive
nuclear survivin expression was observed in all tumor
biopsy samples. It is possible that this result was based
on dyeing conditions and the nuclear labeling index.
The differential nuclear and cytoplasmic localization of
survivin has been shown to be due to differences in the
amino-acid sequence of its carboxy-terminal domain®®
In HCC, the predominant function of survivin is its
cell cycle nuclear distribution, and not the cytoplasmic
caspase-3-dependent anti-apoptotic effect®™. So in HCC,
the prognostic significance of survivin immunostain
relates to the cell cycle in nuclei, and not to its
cytoplasmic anti-apoptotic effect”™. These reports suggest
that most cytoplasm in the early HCC samples might be
stained moderately under the conditions employed in this
study.

In the present study, nuclear survivin is expressed in
64.7% of cells (median) from early-stage HCC specimens.

00
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Figure 4 Western blotting showing the expression of survivin protein in the
combined conditions of hypoxia and anti-cancer drugs in the 96-h culture. Survivin
expression increased under anti-cancer drug-containing medium. Moreover,
survivin further increased after the administration of a combination of hypoxia and

anti-cancer drug. A: Normoxia; B: Hypoxia; C: Normoxia + 0.1 umol/L EPI; D:
Hypoxia + 0.1 pmol/L EPI.

Morcover, in all early HCCs of tumor size > 10 mm
(n = 3), survivin expression was always above the median
average. These data indicate that survivin could be an
cffective target of gene therapy for HCC, even at an
carly stage. Morcover, a previous study reported that in
surgically removed tissues, the expression of survivin had
no correlation with the patient's age, gender, tumor size
and differentiation level of HCC"". This is consistent
with the rate of nuclear expression in the small biopsy
samples from carly-stage HCC observed in the present
study. However, a recent report showed that alpha-feto
protein (AFP) blocked the X-linked inhibitor of apoptosis
protein-mediated inhibition of endogenous active
caspases in the cytosolic lysates of tumor cells"™. Further
immunohistological analyses of other proteins of the IAP
family must be compared to the clinical parameters in
early-stage HICC.

In this study, the survivin expression in HCC samples
could be divided into two groups: a high-rate group (rate
> 50%) and low-rate group (rate < 50%). Ikeguchi ef a/>>"
detected survivin mRNA over-expression in 21 of 51 (41%)
of HCC biopsies, and suggested that this could be useful
as a prognostic factor for patients with HCC. From the
carly stages, the level of nuclear survivin expression may
correlate with the prognosis of HCC.

HBV X and HCV core proteins activate NF-xB
and/or STAT-3, which regulate the gene expression for
cell survival factors such as the anti-apoptosis proteins,
including survivin®%, A resulting up-regulation of anti-
apoptosis factors during HCV or HBV infection may
contribute to hepatocarcinogenesis®*¥. A previous
report demonstrated that HBx promotes the upregulation
of survivin expression in hepatoma and normal liver
cells, regardless of apoptosis. These findings suggest
that survivin and HBx may play important roles in the
carcinogenesis of HCCP", Other studies have shown
that HCV NS5A protein can stimulate survivin protein
expression, and this may result from induced survivin
gene transcription®™. In the present study, the average
nuclear survivin expression was 36.3% in hepatocyte of
non-tumor specimens. This result may indicate that the
hepatitis virus is associated with survivin expression in
peritumoral cells. The expression of survivin has been
detected in a variety of pre-neoplastic and/or benign
lesions, including polyps of the colon, breast adenomas,
Bowen's disease and hypertrophic actinic keratosis®™,
suggesting that expression of survivin may occur during
early malignant transformation or following a disturbance
in the balance between cell proliferation and death®. The
same process may also occur in viral hepatitis.

www.wijgnet.com
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A previous study reported that inhibition of apoptosis
by survivin plays a pivotal role in the metastasis of HCC,
and it has some correlation with tumorigenesis. The
expression of survivin in the primary lesion can be an
indicator of metastasis and the prognosis of HCC™, In
this study, a correlation between the survivin expression
rate in the non-tumor cells and that in the JICC specimens
of the high-rate group (rate > 50%) and low-rate group
(rate < 507%) was observed. A significant difference in
the survivin expression in the peritumoral hepatocyte
was observed between the high-rate group and the
low-rate group (P < 0.01). The survivin expression of
peritumoral cells may, therefore, also be a prognostic
factor for patients with HCC. Interestingly, we observed
that when the amount of survivin expression was low in
the adjacent non-tumor tssues, the corresponding tumor
tissues also showed low expression. So in the future, when
taking the target therapy of survivin into consideration, a
curative effect may be possible if the amount of survivin
expression with non-tumorous tissue is evaluated with liver
biopsies.

Saitoh es /™ demonstrated that the portal blood
flow is lost before the increase in arterial flow develops
in well-differentiated HCC. When the well-differentiated
HCC has portal blood flow and is not hypervascular, it
shows slow growth!"?, Yamaguchi e/ a/*" suggested that
this phenomenon is related to hypoxia, because the well-
differentiated HCC would be in a transitonal stage from
the portal blood supply to the arterial blood supply, but
the reduction in portal flow appears prior to the increase
in arterial low. Therefore, the current research indicates
that the impairment of the normal liver blood system
probably causes local hypoxic regions at an early stage of
hepatocarcinogensis and eventually induces angiogenesis“z].
Recent studies have shown that human solid tumors, even
those less than 1 cm in diameter, may have substantial
hypoxic fractions™**?. Hence tumor growth is restricted
by limited oxygen and nutrients when they are too
distant from nearby vessels''?. Therefore, to observe the
expression of survivin in early-stage HCC, HCC celis
were cultured in a hypoxic environment. Previous studies
have shown that survivin gene transcription is increased
in hypoxic tumor cells"". In the current study, the hyposic
environment increased the survivin mRNA expression in
both the short-term and long-term cultures. Moreover,
the appearance of survivin protein is thought to control
the survivin mRNA levels in the presence of anti-cancer
drugs. On the contrary, in the present study, the survivin
protein concentrations increased when both hypoxia and
anti-cancer drugs were combined. These data suggest
that survivin inhibition could therefore potentially be as
effective as interventional therapy for the treatment of
early HCC.

In conclusion, survivin is expressed at a rate of
64.7% (median) in early HCC. Moreover, survivin protein
concentration of HCC cells increases when cultured
with anti-cancer drugs under hypoxic conditions. These
data suggest that survivin inhibition for early HCC could
therefore be potentially useful as an effective interventional
radiological treatment modality.
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COMMENTS
Background

Several preclinical studies have demonstrated that the down-regulation of survivin
expressionffunction increases the rate of apoptosis, reduces the tumor-growth
potential and sensitizes tumor cells to various chemotherapeutic drugs and
«r-imadiation in both in vitro and in vivo models of various types of human tumors.

Research frontiers

Previous reports have shown survivin to be expressed in post-operative HCC
tissues. However, it has not yet been fully elucidated regarding whether survivin
can be used as a therapeutic target in eary HCC.

Innovations and breakthrough

We studied biopsy tissue specimens to confirm the diagnosis of HCC. In all early
HCCs of tumor size > 10 mm, survivin expression was always above the median
average (64.7%). Moreover, the survivin protein concentrations increased when
cultured in a combination of hypoxia and anti-cancer drugs.

Applications

These data suggest that survivin inhibition for early HCC could therefore be
potentially useful as an effective interventional radiological treatment modality,
such as transcatheter arterial chemoembolization (TACE), efc.

Terminology

In this study, a hypoxia mode! of cultured HCC cells was employed using an
AnaeroPack for cell culture. The Anaeropack is a gas concentration-controlling
reagent yielding a hypoxic atmosphere. The principal ingredient of this reagent
is sodium ascorbate, which absorbs oxygen and generates carbon dioxide by
oxidative degradation. The culture dishes were placed into an airtight jar with the
Anaeropack and then the lid was closed. The jar was then incubated at 37°C for 2 h.
The concentration of oxygen decreased to less than 1% within 1 h and the carbon
dioxide concentration was maintained at about 5% as reported previously.

Peer review

This paper investigated survivin expression in early-stage, small HCC and the
results are interesting. The methods and results were clearly written, and the
authors gave thoughtful discussions on this topic and their findings. This is an
interesting paper that is generally well written.
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Abstract

AIM: To make clear whether CD147 (EMMPRIN)
expression in pathological tumor samples with a fine-
needle aspiration biopsy is useful for pathological
diagnosis of early hepatocellular carcinoma (HCC).

METHODS: Twenty-two patients (15 men and 7 women;
median age 68 years, range 56-81 years) underwent a
liver tissue biopsy in order to make a diagnosis of HCC.
Paraffin-embedded liver biopsy tissue samples from
22 patients were stained with anti-CD147 antibody,
murine monoclonal antibody 12C3 (MAb12C3) for
immunohistochemical analysis. An immunohistochemical
analysis of CD147 was performed and the degree of
staining compared between tumor and non-tumor
tissue. In addition, the degree of staining within
tumor tissue was compared according to a number of
clinicopathological variables.

RESULTS: The degree of staining of CD147 was
significantly higher in tumor tissues than non-tumor
tissues, even in tumors less than 15 mm in diameter.

The expression of this protein was significantly elevated
in HCC tissue specimens from patients with a low value
of serum AST and y-GTP.

CONCLUSION: CD147 serves potentially as a
pathological target for cancer detection of early HCC.

© 2007 The WG Press. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a major health problem
worldwide, involving more than 500000 new cases yearly,
with an age-adjusted incidence of 5.5-14.9 per 100000
peoplem. In some areas of Asia and the Middle East, HCC
ranks as the most frequent cancer-related cause of death®.
The incidence of HCC is also increasing in Europe and
the United States™. The early detection of tumors and
development of therapies for HCC is likely to improve
the prognosism. Nevertheless, despite improvements in
both diagnostic modalities and therapy, in many cases an
accurate diagnosis still cannot be confirmed even with
diagnostic imaging and the recognition of tumor markers
in the serum. Particulatly, hypovascular HCC which is
often difficult to recognize by computed tomography
(CT) requires ultrasound (US) examination for a definitive
diagnosis. Tumor biopsy is an important method of
evaluation in these cases, particulatly in small tumors, less
than 15 mm in diameter. Therefore, more sensitive tumor
markers for pathological diagnosis are required.

CD147, also known as extracellular matrix meta-
lloproteinase inducer (EMMPRIN) or basigin, is a
transmembrane glycoprotein with two immunoglobulin-like
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domains. This is part of a family of proteins that includes
embigin and neuroplastin®, Tumor cell CD147 triggers the
production or release of matrix metalloproteinases in the
surrounding mesenchymal cells and tumor cells, thereby
contributing to tumor invasion®®”. A very high incidence
of CD147 expression (> 80% of CD147-positive cases) is
detected by immunohistochemical staining in HCC".

A previous paper reported a murine monoclonal
antibody (MAb12C3), specific to human ovarian carcinomas
was generated by immunizing mice with the human ovarian
germinoma cell line (JOHY-2)"). In further research,
using phage display libraries, MAb12C3 hybridized with
the extracellular region of CD147"%. The MAb12C3
reacted with 67.7% (21 of 31 cases) of epithelial ovarian
carcinomas, but not with any of benign epithelial ovarian
adenomas tested”".

Despite extensive studies on small early stage HCCs,
the morphological criteria for definite diagnosis of well-
differentiated, small HCCs are still questionable"?.
This study considered whether the use of MAb12C3
against CD147 protein could recognize early stage HCC.
MAbB12C3 was used for an examination of antigen
expression in early HCC tissue specimens and to identify
any correlations between the immunohistochemical
findings and the clinicopathologic characteristics of the
tumors. In this study, small biopsy samples from HCC
were examined with immunohistochemical staining, If
significant differences are recognized between HCC with
non-tumor liver tissues, CD147 may therefore be effective
as a diagnostic and therapeutic target in early stage HCC,

MATERIALS AND METHODS

Patients
The study population included 22 patients (15 men and

7 women; median age 68 years, range 56-81 years) who
underwent tumor and non-tumor liver tissue biopsy between
January 2003 and December 2005, in the Jikei University
Daisan Hospital, Tokyo, Japan (Table 1). All patients
underwent biopsies to confirm a diagnosis of HCC. These
tissue specimens were examined retrospectively. This study
was approved by the Jikei University Ethics Communittee
Institutional Review Broad.

Pathologic specimens

Tumor specimens were obtained by a tumor biopsy with
a 21 G fine-needle aspiration kit. Non-tumorous liver
tissue specimens were obtained by an 18-20 G needle liver
biopsy concurrently. Formalin-fixed, paraffin-embedded
specimens of liver tamors and non-tumor liver tissues
were processed for conventional histologic assessment by
hematoxylin and eosin (HE) staining, The tumors were
histologically graded (well or moderately differentiated ).

Immunohistochemical analysis

For the immunohistochemical analysis, formalin-fixed,
paraffin-embedded specimens were dewaxed and used.
The specimens were stained using the labeled streptavidin-
biotin peroxidase complex method with the Ventana
auto-immunostaining system (Ventana Japan, Yokohama,

www.wjgnet.com
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Table} i Characeristicsfoffpatientslundergoingituniordbiopsies]

Features Median value
Age 68 (56-81)
Sex (Male/Female) 15/7

Plt (» 10°/uL) 10.0 (5.1-24.5)
AST (IU/L) 68-(21-147)
ALT (1U/L) 61.5(6-214)
T-Bil (mg/dL) 0.8 (0.4-2.3)
¥-GTP (U/L) 48 (18-665)
AFP (ng/mL) 21.5 (3-444)
HBs Ag/HGV Ab/Others 3/18/1
Tumor size (mm) 14.5 (8-23)
Cirrhosis (positive/negative) 5/17
Differentiation (well/ moderate) 15/7

Data values are expressed as the medians with ranges in parentheses unless
indicated otherwise. Normal ranges: Pt (platelet count), 15-35 x 10°/L; AST
(aspartate aminotransferase), 10-33 IU/L; ALT (alanine aminotransferase},
6-35 1U/L; T-Bil (total bilirubin), 0.2-1.2 mg/dL; y-GTP (y-glutamyl
transferase), 10-50 IU/ L; AFP (a-fetoprotein), > 20 ng/mL.

Figure 1 CD147 protein expression of HCC tissues with microwave-stimulated
processing. A: 10 min of 10 mmol/L citrate buffer {pH 6.0); B: 30 min of DAKO
antigenretrieval solution.

Japan). A murine monoclonal antibody against CD147
protein, MAbB12C3", was used as the primary antibody
(manufactured at Department of Biochemistry 1, Jikei
University School of Medicine, Japan). The antigen
retrieval procedure was performed with a microwave oven
in DAKO antigen retrieval solution for 30 min at 95C
to efficiently stain the sample. The immunohistochemical
staining was stronges, when performed in a microwave
oven in DAKO antigen retrieval solution (Figure 1). The
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Figure 2 CD147 protein expre-
ssion of non-tumor fiver tissue and
HCC tissue specimens. A: Non-
tumor tissue specimen, very weak
expression; B: Non-tumor tissue
specimen, weak expression; C:
HCC tissue, moderate expression;
D: HCC fissue, strong expression.

Very weak (0
Wea}( (1):_)2 Lt
Mdidératé (2)-

sections (DAKO Cytomation, Glostrup, Denmark) were
developed with 3, 3'-diaminobenzidine with 0.3% H20:
and counterstained with hemotoxylin.

For each tissue sample, the fraction of the immuno-
stained cells was recorded, and the staining intensity
was estimated using a 4-step scale (0, 1, 2, 3). The tissue
specimens were then initially categorized according to
arbitrarily predefined criteria into 4 groups, including
completely very weakly positive, strongly positive, and 2
intermediate groups. The exact criteria for these groups
were as follows: very weak (1+ staining in some cells)
(Scale 0); weak (1+ staining in cells) (Scale 1); moderate 2+
staining in cells) (Scale 2); strong (3+ staining in cells) (Scale
3). The examiners were blinded to patients' clinical and
histological (HE staining) profile. Two investigators (H.H.
and K.N.) evaluated the staining levels independently,
after which any discordant evaluations were adjusted by
connected microscopes and scored jointly.

Statistical analysis
Statistical analyses were performed by the Wilcoxon
signed-rank test and two-sample Wilcoxon rank-sum

(Mann-Whitney) test. P-Values < 0.05 were considered
statistically significant. All these analyses were performed
using STATA 9.1 (STATA Corporation, College Station,
Texas, USA).

RESULTS

CD147 expression in HCC and non-tumorous liver tissue
Among all 44 tissues (22 HCC and 22 non tumorous liver
tissues), CD147 immunoreactivity was detected on all cell
membranes. As shown in Figure 2, CD147 was positively
but weakly stained on most non-tumor liver tissues,
beacause the antigenicity was activated by microwave-
stimulated processing with 30 min treatment of DAKO
retrieval solution (Figure 2B). However, a significant
difference was observed in CDD147 expression between
HCC and non-tumor liver tissues (Table 2, Figure 2). In
fact, there was significantly greater expression of CD147
in the carcinoma tissue specimens than in non-tumorous
liver tissue specimens, including small tumors measuring
less than 15 mm in size (P < 0.05).

CD147 expression in tumour aspirates correlates with
clinical variables

Twenty-two HCC biopsy specimens were categorized into
two groups for each clinical variable, above or below the
median value. In these two groups, the CD147 intensity
was compared. As illustrated in Figure 3, with regard to
tumor size, CD147 was highly expressed in large tumors.
In contrast, in the detection of serum AST and y-GTP
level, CD147 was more significant in low value groups.
No significant differences were observed by other clinical
parameters, such as serum AFP level. In addition, although
the CD147 intensity was compared between tumor HCC
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