INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 28: 887-893, 2011

Role of HSP27 in tumor necrosis factor-o-stimulated
interleukin-6 synthesis in osteoblasts
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Abstract. Heat shock protein 27 (HSP27) is known to act as
a molecular chaperone. We have recently reported that HSP27
regulates osteocalcin synthesis in osteoblast-like MC3T3-El
cells. In the present study, we investigated the role of HSP27
in tumor necrosis factor-a (TNF-a)-stimulated interleukin-6
(IL-6) synthesis in MC3T3-El cells. The levels of IL-6 release
and IL-6 mRNA stimulated by TNF-a in MC3T3-El1 cells
transfected with HSP27 was significantly higher than those in
the control cells. In addition, the levels of secreted IL-6 and IL-6
mRNA in the phospho-mimic HSP27-overexpressing cells
were significantly higher than those in the non-phosphoryl-
atable HSP27-overexpressing cells. Furthermore, we observed
no significant differences in the phosphorylation levels of IkB/
NF«B, Akt, and p44/p42 mitogen-activated protein kinase
among the 4 types of transfected cells. Therefore, these results
strongly suggest that HSP27 enhances TNF-a-stimulated IL-6
synthesis, and that the phosphorylation status of HSP27 is
related to IL-6 synthesis in osteoblasts.

Introduction

Tumor necrosis factor-a (TNF-a) is a multifunctional cyto-
kine which is involved in various conditions such as cancer,
inflammation and infection, and it induces numerous physi-
ological effects on a variety of cells (1-3). Bone metabolism
is regulated mainly by two functional cells, osteoblasts and
osteoclasts, which are responsible for bone formation and
bone resorption, respectively (4). TNF-a is recognized
as an inflammatory cytokine and is one of the most potent
osteoclastogenic factors; accordingly, it is considered as a
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bone resorptive agent (3). In osteoblasts, TNF-a stimulates
the synthesis of interleukin-6 (IL-6), which is a pleiotropic
cytokine that has important physiological effects on a wide
range of functions, such as promoting B cell differentiation,
T-cell activation and inducing acute phase proteins (5,6). We
have previously reported that TNF-a stimulates IL-6 synthesis
through the activation of p44/p42 mitogen-activated protein
kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K)/
Akt in osteoblast-like MC3T3-El cells (7-9). IL-6 stimulates
bone resorption and induces osteoclast formation (2,6,10,11).
Together, these findings suggest that the IL-6 secreted after
TNF-a stimulation of osteoblasts plays a key role as a down-
stream effector of bone resorption during bone metabolism.

Heat shock proteins (HSPs) are induced in response
to various types of stress such as heat stress and chemical
stress (12). HSPs are generally classified into two categories,
high-molecular-weight HSPs and low-molecular-weight HSPs
(small HSPs) according to their molecular sizes (13,14). High-
molecular-weight HSPs such as HSP70, HSP90 and HSP110 have
been well investigated and are recognized to act as molecular
chaperones which contribute to various effects including protein
folding, oligomerization and protection of cells from apoptosis
(12,15). In contrast, although small HSPs with a molecular mass
from 10 to 30 kDa, such as HSP27, aB-crystallin and HSP20
are constitutively expressed in various tissues, their functions
have not yet been well investigated. Small HSPs have recently
been reported to be implicated in some diseases. For example, a
mutation of aB-crystallin contributes to cardiac myopathy (16).
Overexpressed HSP27 and aB-crystallin protect heart cells
against ischemia/reperfusion injury, similarly to HSP70 (17).
It has also been reported that aB-crystallin is overexpressed in
oligodendrocytes and astrocytes of multiple sclerosis patients,
and as for cancer, a strong correlation exists between lymph
node involvement and overexpressed aB-crystallin in primary
breast carcinoma (18,19).

HSP27 has three serine residues (Ser-15, Ser-78 and
Ser-82) that can be phosphorylated, and it normally exists in
an unphosphorylated aggregated form. When HSP27 is phos-
phorylated, it changes from an aggregated form to a dimer
(20,21). We have previously reported the levels of phosphoryl-
ated HSP27 to be inversely correlated with the progression of
human hepatocellular carcinoma (22).
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In osteoblasts, HSP27 has been reported to be involved
in the balance between differentiation and apoptosis (23,24).
Although the expression level of HSP27 differs by cell type
(25-27), in unstimulated osteoblasts, the expression level of
HSP27 is reportedly very low (28). On the other hand, we have
previously reported that various physiological stimuli are able
to cause the induction of HSP27 in osteoblast-like MC3T3-El
cells (29-33). We have also reported that MAPKs play a
role in prostaglandin D2-induced phosphorylation of HSP27
in MC3T3-E1 cells (9), and that phosphorylated HSP27 is
concentrated perinuclearly in these cells (34). However, the
exact function of HSP27 in bone metabolism has not been
satisfactorily clarified. In the present study, we investigated
the role of HSP27 in the IL-6 synthesis stimulated by TNF-a
in osteoblast-like MC3T3-E1 cells.

Materials and methods

Materials. TNF-a was obtained from Funakoshi Pharmaceutical
Co. (Tokyo, Japan). Anisomycin was purchased from
Calbiochem-Novabiochem (La Jolla, CA). Antibodies against
HSP27 and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were purchased from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA). Antibodies against phospho-specific IkB,
phospho-specific NF«B, and phospho-specific HSP27 (Ser-82)
were obtained from Cell Signaling, Inc. (Beverly, MA). The
ECL Western blotting detection system was obtained from
GE Healthcare UK Ltd. (Buckinghamshire, UK). Other mate-
rials and chemicals were obtained from commercial sources.
Anisomycin was dissolved in dimethyl sulfoxide (DMSO).
The maximum concentration of DMSO was 0.1%, which did
not affect the assay for IL-6 or detection of protein expression
by Western blot analysis.

Cell culture. Cloned osteoblast-like MC3T3-El cells derived
from newborn mouse calvaria (35) were maintained as
previously described (36). Briefly, the cells were cultured in
o-minimum essential medium (a-MEM) containing 10% fetal
calf serum (FCS) at 37°C in a humidified atmosphere of 5%
C0,/95% air. The cells were seeded in 35-mm (5x10* cells)
or 90-mm (2x10° cells) diameter dishes in o-MEM containing
10% FCS. After 5 days, the medium was exchanged to fresh
o-MEM containing 0.3% FCS. The cells were then used for
experiments after 48 h.

Establishment of cells stably transfected with HSP27.
Mutant-HSP27 plasmids, in which serine residues (Ser-15,
Ser-72 and Ser-82) were mutated to alanines to generate
constitutively non-phosphorylatable HSP27 (3A), or were
mutated to aspartic acid, to generate constitutively phospho-
mimic HSP27 (3D), were kindly provided by Dr C. Schafer
(Klinikum Grosshadern, Ludwig-Maximilians University,
Munich, Germany). For stable transfections, MC3T3-El cells
(5x10° cells) were cultured in 6-well dishes and then transfected
with 2 ug of the wild type (WT) or mutant HSP27 plasmids
expressing geneticin (G418; EMD Chemicals, Inc., San Diego)
resistance using 12 ul of the UniFECTOR transfection reagent
(B-Bridge International, Mountain View, CA) in 1 ml of
o-MEM medium without FCS. One milliliter of medium with
10% FCS was added 5 h after transfection. The cells were then
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incubated in the presence of 400 pg/ml of G418. After 2 weeks,
single G418-resistant colonies were obtained by serial dilution
in 96-well dishes. The colonies were then maintained and
analyzed individually for the expression of HSP27.

Western blot analysis. The cultured cells were stimulated by
30 ng/ml of TNF-a in a-MEM containing 0.3% FCS for the
indicated periods. The cells were washed twice with phosphate-
buffered saline and then lysed, homogenized and sonicated in
a lysis buffer containing 62.5 mM Tris-HCI, pH 6.8, 2% SDS
and 10% glycerol. SDS-polyacrylamide gel electrophoresis
(PAGE) was performed according to Laemmli (37) on 10%
polyacrylamide gels. A Western blot analysis was performed
as previously described (38) using antibodies against phospho-
specific kB, phospho-specific NFkB, HSP27, phospho-specific
HSP27 and GAPDH with peroxidase-labeled antibodies as
secondary antibodies. The peroxidase activity on the PVDF
sheet was visualized on X-ray film by means of the ECL
Western blot analysis detection system.

IL-6 assay. The cultured cells were stimulated by 30 ng/ml of
TNF-a in 1 ml of a-MEM containing 0.3% FCS for the indi-
cated periods. The conditioned medium and cell lysates were
collected at the end of the incubation. The IL-6 concentration
was measured by an IL-6 enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems, Inc., Minneapolis, MN).
The absorbance of ELISA samples was measured at 450
and 560 nm with an EL 340 Bio Kinetic Reader (Bio-Tek
Instruments, Inc., Winooski, VT). The levels of IL-6 release
were adjusted for the respective whole cell lysates.

Real-time RT-PCR. The cultured cells were stimulated by
30 ng/ml of TNF-a for the indicated periods. Total-RNA
was isolated and transcribed into cDNA using the TRIzol
reagent and an Omniscript Reverse Transcriptase kit. Real-
time RT-PCR was performed using a Light Cycler system
(Roche Diagnostics) in capillaries and the Fast-Start DNA
Master SYBR-Green I provided with the kit. Sense and anti-
sense primers for mouse IL-6 mRNA were purchased from
Takara Bio, Inc. (Tokyo, Japan) (primer set ID: MA039013).
The amplified products were determined by a melting curve
analysis and agarose electrophoresis. The IL-6 mRNA levels
were normalized to those of GAPDH mRNA.

Statistical analysis. The data were analyzed by ANOVA
followed by the Bonferroni method for multiple comparisons
between pairs, and P<0.05 was considered significant. All data
are presented as the mean + SEM of triplicate determinations.

Results

Effect of TNF-a. on HSP27 levels in MC3T3-EI cells. We have
previously reported that HSP27 is induced by various physi-
ological agents in osteoblast-like MC3T3-El cells (29-33).
Therefore, we first examined the effect of TNF-a alone on the
HSP27 levels in these cells. Since HSP27 was induced for up
to 24 h in our previous investigations, we performed experi-
ments to assess the expression of the protein for up to 24 hby a
Western blot analysis. As shown in Fig. 1, TNF-a alone failed
to up-regulate the protein levels of HSP27 in MC3T3-El cells.
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Figure 1. Effect of TNF-o on HSP27 induction in untransfected MC3T3-El
cells. The cultured cells were stimulated by 30 ng/ml of TNF-a for the indi-

cated periods. The cell extracts were then subjected to SDS-PAGE with a
subsequent Western blot analysis with antibodies against HSP27 and GAPDH.
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Figure 2. Effect of TNF-a on IL-6 release in the empty and WT cells. The
cultured cells were stimulated by 30 ng/ml of TNF-a (a, empty; ®, WT) or
vehicle (a, empty; O, WT). The level of IL-6 synthesis was corrected to the
total protein level. Each value represents the mean + SEM of triplicate inde-
pendent determinations. “P<0.05, compared to the value of the vehicle in the
empty cells. “P<0.05, compared to the value with TNF-a in the empty cells.

Effect of overexpressed HSP27 on TNF-a-stimulated IL-6 release
in MC3T3-E1 cells. We have shown that TNF-a stimulates the
synthesis and secretion of IL-6 in osteoblast-like MC3T3-E1
cells (8). In order to investigate the role of HSP27 in the TNF-a-
induced IL-6 release, we next examined the effect of TNF-a
on IL-6 release in WT HSP27 cDNA-transfected MC3T3-E1
cells. As previously shown (34), the ‘empty’ cells, which were
transfected with an empty vector, represent the normal parental
MC3T3-El cells,and the WT cells represent the MC3T3-E1 cells
overexpressing the wild type-HSP27. In our previous report (8),
TNF-a stimulated IL-6 release in a time-dependent manner for
up to 48 h and in a dose-dependent manner in the range between
1 and 30 nM in untransfected MC3T3-E1 cells. According to
this report, we examined the effects of TNF-a on IL-6 release
in the range between 1 and 30 nM of TNF-a for up to 48 h in
HSP27-transfected MC3T3-E1 cells. We observed that the IL-6
release stimulated by TNF-a was time- and dose-dependent in
both the WT cells and the empty cells (Figs. 2 and 3). However,
the level of IL-6 released from the WT cells was significantly
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Figure 3. Dose-dependent effects of TNF-a on IL-6 release in the empty and
WT cells. The cultured cells were stimulated by various doses of TNF-a (O,
empty; ®, WT) for 48 h. The level of IL-6 synthesis was corrected to the
total protein level. Each value represents the mean + SEM of triplicate inde-
pendent determinations. "P<0.05, compared to the value of the vehicle in the
empty cells. “P<0.05, compared to the value with TNF-« in the empty cells.
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Figure 4. Effects of TNF-a on IL-6 mRNA expression in the empty and
WT cells. The empty or WT cells were stimulated by 30 ng/ml of TNF-a
or vehicle for 6 h. Total-RNA was isolated and transcribed into cDNA. The
expression of IL-6 mRNA and GAPDH mRNA were quantified by real-time
RT-PCR. The IL-6 mRNA levels were normalized to those of GAPDH
mRNA. Each value represents the mean + SEM of triplicate independent
determinations. "P<0.05, compared to the value of the vehicle in the empty
cells. “P<0.05, compared to the value with TNF-a in the empty cells.

increased compared to that from the empty cells. At 30 nM of
TNF-a, the level of IL-6 produced was (2.03+0.09)x10? pg/mg
protein from the empty cells, while the level in the WT cells was
(9.95+0.32)x10? pg/mg protein.

Effect of overexpressed HSP27 on the TNF-a-stimulated IL-6
mRNA level in MC3T3-EI cells. TNF-a increases IL-6 mRNA
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Figure 5. Effects of TNF-a on the phosphorylation of IkB or NFxB in the
empty and WT cells. The empty cells (A) or the WT cells (B) were stimulated
by 30 ng/ml of TNF-a for the indicated periods. The cell extracts were then
subjected to SDS-PAGE with a subsequent Western blot analysis with anti-
bodies against phospho-specific IkB, phospho-specific NFkB and GAPDH.
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Figure 6. Effect of TNF-a on the phosphorylation of HSP27 in the WT
cells. The cultured cells were stimulated by 30 ng/ml of TNF-a for the
indicated periods (lanes 1-8). The cultured cells were stimulated by 10 M
of anisomycin for 20 min (lane 9). The cell extracts were then subjected to
SDS-PAGE with a subsequent Western blot analysis with antibodies against
phospho-specific HSP27 (Ser-82) and GAPDH.

level as well as IL-6 secretion in osteoblasts (10). To investigate
whether the amplifying effect of HSP27 on TNF-a-stimulated
IL-6 release results from a transcriptional event, we examined
the effects of TNF-a on the IL-6 mRNA expression in the WT
cells and the empty cells by real time RT-PCR. As observed
for the IL-6 release, the expression level of IL-6 mRNA in the
WT cells was significantly higher than that in the empty cells
(Fig. 4).

Effects of TNF-a on intracellular signaling in the WT
HSP27-transfected cells and the empty vector-transfected
cells. TNF-a reportedly induces the phosphorylation of kB
and subsequently activates the NFkB signaling pathway (39).
We next investigated the effects of TNF-a on intracellular
signaling in the WT and the empty cells. TNF-a remarkably
induced the phosphorylation of IxB and NF«B in both the WT
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Figure 7. Effects of TNF-a on IL-6 release in 3A or 3D HSP27-transfected
MC3T3-El cells. The cultured cells were stimulated by various doses of
TNF-a (0,3A; @, 3D) for 48 h. The level of IL-6 synthesis was corrected to
the total protein level. Each value represents the mean + SEM of triplicate
independent determinations. “P<0.05, compared to the value of the vehicle
in the 3A cells; “P<0.05, compared to the value with TNF-o. in the 3A cells.

cells and the empty cells (Fig. 5). The effect of TNF-a on the
phosphorylation of IkB reached its peak 2-5 min after stimula-
tion, and decreased thereafter in both cell lines. The effect of
TNF-a on the phosphorylation of NF«kB in the WT cells and
the empty cells was also similar, and the effect reached its
peak at 5 min, and decreased thereafter. As shown in Fig. 5,
we did not observe any significant differences between the WT
and the empty cells.

We have previously reported that TNF-a stimulates IL-6
synthesis, at least in part, through the activation of p44/p42
MAPK and PI3K/Akt in MC3T3-El cells (7,8,40). Therefore,
we also examined the effects of TNF-a on the phosphoryla-
tion of p44/p42 MAPK and Akt in both the WT cells and the
empty cells. However, no significant differences were observed
in their phosphorylation between the WT cells and the empty
cells (data not shown).

Effect of phosphorylated HSP27 on TNF-a-stimulated IL-6
release in MC3T3-EI cells. We next investigated whether the
effect of TNF-a on IL-6 release is affected by the phosphoryl-
ation status of HSP27 in MC3T3-El cells. At first, we examined
the effect of TNF-a alone on the phosphorylation of HSP27 in
the WT HSP27 cDNA-transfected cells. As shown in Fig. 6,
TNF-a did not induce the phosphorylation of HSP27 until
120 min after the stimulation in the HSP27 overexpressing
MC3T3-EI cells, while anisomycin, an activator of p38 MAPK
(41), induced HSP27 phosphorylation as described in our
previous report (34). We then examined the effects of TNF-o on
IL-6 release in the phospho-mimic HSP27 cDNA-transfected
MC3T3-E1 cells (3D cells) compared to that in the non-
phosphorylatable HSP27 cDNA-transfected MC3T3-El cells
(3A cells). TNF-a stimulated IL-6 release in a dose-dependent
manner in the 3A and the 3D cells (Fig. 7). However, the level
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Figure 8. Effects of TNF-a on IL-6 mRNA expression in 3A or 3D HSP27-
transfected MC3T3-E1 cells. The 3A or 3D cells were stimulated by 30 ng/
ml TNF-a or vehicle for 6 h. Total-RNA was isolated and transcribed into
cDNA. The expression of IL-6 mRNA and GAPDH mRNA were quantified
by real-time RT-PCR, and the IL-6 mRNA levels were normalized to those
of GAPDH mRNA. Each value represents the mean + SEM of triplicate
independent determinations. “P<0.05, compared to the value of the vehicle
in the 3A cells; “P<0.05, compared to the value with TNF-o. in the 3A cells.

of IL-6 release in the 3D cells was significantly higher than
that in the 3A cells. Upon stimulation with 30 nM of TNF-q,
the level of IL-6 release was (1.19+0.09)x10? pg/mg protein
in the 3A cells, and (5.50+0.04)x10* pg/mg protein in the 3D
cells.

Effect of the phosphorylation status of HSP27 on TNF-a-
stimulated IL-6 mRNA level in MC3T3-EI cells. We further
investigated whether the effect of phosphorylated HSP27 on
increased TNF-a-stimulated IL-6 release is exerted through
a transcriptional event by real-time RT-PCR. We observed the
expression level of IL-6 mRNA in the 3D cells to be signifi-
cantly enhanced compared to that in the 3A cells (Fig. 8).

Effects of TNF-o on intracellular signaling in the cells over-
expressing non-phosphorylatable mutant 3A-HSP27 or the
phospho-mimic mutant 3D-HSP27. Finally, we examined the
effects of TNF-a on intracellular signaling in the 3A and the
3D cells. TNF-a remarkably induced the phosphorylation of
both IxB and NF«B in the 3A cells and the 3D cells (Fig. 9).
The effects of TNF-a on the phosphorylation of IkB and
NF«B reached its peak at 5 min in both cell types. We did
not observe any significant differences between the 3A and
the 3D cells. We also examined the effects of TNF-a on the
phosphorylation of p44/p42 MAPK and Akt in the 3A and the
3D cells. However, there were also no significant differences in
the phosphorylation of p44/p42 MAPK and Akt between the
3A and the 3D cells (data not shown).

Discussion
We have previously shown that HSP27 is expressed in

unstimulated osteoblast-like MC3T3-E1 cells, however
the level is low. Nevertheless, HSP27 expression is induced
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Figure 9. Effects of TNF-a on the phosphorylation of IxB or NF«kB in the 3A
and 3D cells. The 3A cells (A) or the 3D cells (B) were stimulated by 30 ng/ml
of TNF-a for the indicated periods. The cell extracts were then subjected to
SDS-PAGE with a subsequent Western blot analysis with antibodies against
phospho-specific IkB, phospho-specific NFkB and GAPDH.

by a variety of physiological agents, such as prostaglandins
(29-33). In the present study, we investigated the role of
HSP27 on TNF-a-stimulated IL-6 synthesis in osteoblast-like
MC3T3-El1 cells transfected to overexpress HSP27. The level
of TNF-a-stimulated IL-6 release was significantly increased
in the WT HSP27-transfected cells than in the empty vector-
transfected cells. In addition, the level of TNF-a-stimulated
IL-6 mRNA expressed in the WT cells was also enhanced
compared to the empty cells. These findings suggest that
HSP27 has a stimulatory effect on the TNF-a-induced IL-6
synthesis in osteoblast-like MC3T3-El cells. HSP27 is phos-
phorylated at three serine residues (Ser-15, Ser-78 and Ser-82),
and phosphorylation is accompanied with a conformational
change (21). We investigated the effects of the phosphoryla-
tion status of HSP27 on TNF-a-stimulated IL-6 synthesis
using mutant HSP27-transfected cells. We used two kinds of
mutant HSP27-transfected cells. The 3A cells overexpressed
non-phosphorylatable HSP27, and the 3D cells overexpressed
mutant-HSP27 mimicking the phosphorylated protein. The
level of TNF-a-stimulated IL-6 release was significantly
higher in the 3D cells than in the 3A cells. In addition, we
showed that the level of TNF-a-stimulated IL-6 mRNA in the
3D cells was significantly increased compared to that in the
3A cells. Thus, it is likely that HSP27 acts upstream of the
transcription event in TNF-a-induced IL-6 synthesis. Based
on our results, it is probable that phosphorylated HSP27 plays
a stimulatory role in the TNF-a-induced IL-6 synthesis in
MC3T3-El1 cells.

TNF-a is generally recognized to activate the IkB/NF«xB
pathway (39). In our previous studies (7,8,40), we have demon-
strated that the activation of p44/p42 MAPK and Akt are
involved in TNF-a-stimulated IL-6 synthesis in osteoblast-like
MC3T3-El cells. Thus, in the present study, we examined the
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TNF-a-induced phosphorylation levels of these intracellular
signaling molecules, IkB, NFkB, p44/p42 MAPK and Akt in
the HSP27-transfected MC3T?3-El cells. However, we observed
no significant differences in their phosphorylation after
TNF-a stimulation among the different kinds of transfected
cells (empty vector, WT HSP27, non-phosphorylatable HSP27
and phospho-mimic HSP27). Therefore, it seems unlikely that
HSP27 regulates TNF-a-stimulated IL-6 synthesis through
the activation of IkB/NF«kB, p44/p42 MAPK and Akt, or at a
point upstream of these molecules.

HSP27 is one of the small HSPs which contain a highly
conserved region referred to as the a-crystallin domain (21).
The a-crystallin domain is essential for the oligomerization of
HSP27 (42). HSP27 normally exists in an aggregated form, but
when it is phosphorylated, it causes a conformational change
resulting in its dimerization. It has recently been reported
that phosphorylated HSP27 is involved in diabetic kidney
disease and viral infections (43,44). We have reported that
prostaglandin D, stimulates the phosphorylation of HSP27 in
osteoblast-like MC3T3-El cells (9). However, the exact role
of HSP27, and the significance of its phosphorylation in bone
metabolism has not been fully clarified. In the present study,
we showed that TNF-a-stimulated IL-6 synthesis is regulated
by the HSP27 expression level and its phosphorylation status
in these cells. In our recent study (34), we have reported that
HSP27 regulates osteocalcin synthesis in osteoblast-like
MC3T3-El cells, and have demonstrated that phosphory-
lated HSP27 changes its localization and acts as a functional
regulator of the endoplasmic reticulum, contributing to the
modulation of osteocalcin synthesis. Given its effects on
osteocalcin, it is probable that the change in the localization of
HSP27 due to phosphorylation may contribute to its regulation
of TNF-a-stimulated IL-6 synthesis in osteoblasts.

Both TNF-a and IL-6 are generally recognized as pro-
inflammatory cytokines. In osteoblasts, TNF-a and IL-6 are
reported to be bone resorptive agents and play crucial roles
in the pathogenesis of postmenopausal osteoporosis and
rheumatoid arthritis (10,45-49). The recent development of
novel therapies for patients with rheumatoid arthritis, such as a
monoclonal antibody against TNF-a, has led to suppression of
disease activity and clinical symptoms (50).

We have reported that various physiological stimuli
induce HSP27 in osteoblast-like MC3T3-El cells (29-33). In
the present study, we examined whether TNF-a is capable of
inducing HSP27, and found that TNF-a alone failed to induce
HSP27 in osteoblast-like MC3T3-El cells. Although the
expression level of HSP27 is reportedly quite low or hardly
detectable in unstimulated osteoblasts (28), we herein showed
that TNF-a-stimulated IL-6 synthesis was modulated by the
HSP27 expression level and/or its phosphorylation status in
osteoblast-like MC3T3-El1 cells. It has been shown that osteo-
sarcoma specimens with overexpressed HSP27 are associated
with poor prognosis (51). Although rheumatoid arthritis is
mainly caused by inflammation of synovial cells, our results
suggest that the expression level of HSP27 in osteoblasts may
correlate to the clinical symptoms or inflammatory sings of
rheumatoid arthritis patients. Thus, our findings regarding the
role of HSP27 in osteoblast functions may provide a novel
therapeutic target for diseases such as osteoporosis or rheu-
matoid arthritis. Further investigation is necessary to clarify
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the precise mechanism of action of HSP27 in osteoblasts and
in bone metabolism.

In conclusion, our present results strongly suggest that
HSP27 regulates TNF-a-stimulated IL-6 synthesis at a point
upstream of the transcriptional event in osteoblasts.
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