
Abstract. Protein kinase C (PKC) is a family of kinases
whose isoforms show subtle differences in physiological and
biochemical responses, with their expression being cell-
specific. We hypothesize that there may be a specific profile
of expression of PKC isoforms in differentiating osteoblastic
cells (OBC) with individual isoforms having specific functions.
Herein, the MC3T3-E1 cell line was used as a differentiating
model, which was induced from the pre-osteoblast stage to
mature osteoblast and characterized with several phenotypic
markers, including alkaline phosphatase activity, osteocalcin
and bone sialoprotein. The expression of PKC isoforms was
monitored using Western blot analysis. Upon induction of
osteogenesis, the intracellular localization of PKC Ë and θ
was determined using immunofluorescence. Lastly, the
effect of P38 MAP kinase inhibition was determined using
SB203580. Results show 1) PKC ·, ‰, Ï were all highly
expressed in MC3T3-E1 osteoblastic cells, 2) the expression
of PKC θ was significantly down-regulated upon induction of
osteoblastic differentiation; 3) PKC Ë was non-detectable at
certain cell culture days; however, was up-regulated as the
cells transit from each differentiation phase. The increased
expression of PKC Ë correlated with increases in OC, BSP
levels and alkaline phosphatase activity. Immunofluore-
scence procedure confirmed the Western blot results with an
increase in PKC Ë and a decrease in PKC θ upon osteogenic
stimulation. The inhibition of p38 resulted in a marked down-
regulation of PKC Ë. The data demonstrate that there is a
specific profile of expression of PKC isoforms in differentiating
osteoblasts; the different expression pattern of individual
isoforms may be either a consequence of the differentiation
itself or plays a role in the regulatory mechanism of osteo-
blastic differentiation. This study has provided primary
information on the temporal pattern of expression of PKC
isoforms in the differentiating osteoblast and further insight
into their possible role in osteoblastic cell maturation.

Introduction

The osteoblastic cell (OBC) line, MC3T3-E1 cells, derived
from newborn mouse calvaria develops in a sequential manner
into the mature osteoblast phenotype (1,2). It was demon-
strated that the MC3T3-E1 in vitro cell system, with proper
stimulation, has the capability to become osteoblastic, and form
calcified bone tissue (3). The pattern of expression of bone-
related proteins in MC3T3-E1 OBC occurs in a temporal
manner similar to that of the rat calvaria osteoblastic cell
model (1,4). This cell system has proven to be a useful tool
in studying osteoblastic cell differentiation (5,6).

The role of p38 MAP kinase in stress responses and
apoptosis has been well documented. There is growing
evidence for the role of p38 in cellular differentiation. The
inhibition as well as the activation of p38 has affirmed a role
for p38 in adipocytic differentiation (7). In myocytes, the
stimulation of muscle-specific gene expression by p38 has
been shown to be mediated by myocyte enhancer factor-2C
(MEF2C) transcription factor, a known p38 substrate (8). The
role of p38 in osteoblastic cells is now being delineated but
there are conflicting results on the effect of p38 on OBC
differentiation. The activation as well as specific inhibition
of p38 has been demonstrated to both increase and decrease
OBC protein markers (9,10). In these contrasting results, the
cells were stimulated with different agents as well as inhibited
with different concentration of SB203580, a specific p38
inhibitor. Recent studies in our laboratory demonstrated that
SB203580 exerted a lasting inhibitory effect on p38 in primary
human as well as MC3T3-E1 cells during the early stages of
OBC, leading to a marked decrease in alkaline phosphatase
activity in response to differentiating factors (11).

Protein kinase C is a ubiquitous enzyme that has been
shown to be involved in a number of cellular processes (12,13).
The eleven isoforms that make up the PKC family are classified
as a result of enzymatic and molecular analyses into three
major classes; the conventional calcium-dependent isoforms
(cPKCs ·, ßI, ßII and Á) the novel calcium independent
isoforms (nPKC ‰, ε, Ï/È, Ë and θ) and the atypical isoform
(aPKC ˜). There exists specificity in the pattern of expression
as a well as activation for the different isoforms, suggesting
that each play an important role in tissue-specific functions
(14-17). In the osteoblast, PKC has been shown to be an
important component in the signal transduction pathways
involving the response of the cell to various processes of
proliferation and differentiation (18,19).
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The expression of PKC isoforms has been demonstrated
in several types of osteoblastic cells (20-22). The number of
studies is limited in regards to PKC isoforms in MC3T3-E1
cells. Sakai et al demonstrated that PKC · was the major
calcium-dependent isoform expressed in MC3T3-E1 cells (23);
however, this study evaluated only the isoforms from the
conventional, calcium-dependent class. A comprehensive
determination of those isoforms of PKC present in MC3T3-E1
OBC has yet to be elucidated. The aim of the present study
was to determine the profile expression of PKC isoforms
during osteoblastic cell differentiation and to correlate them
with the expression pattern of bone-related proteins to gain a
better understanding of the signals involved in the
differentiation process. This approach allows for a better
understanding of the molecular systems involved in the signal
transduction mechanism of osteogenesis. 

Materials and methods

Cell cultures. MC3T3-E1 cells were placed in culture
consisting of ·-MEM (Gibco, Grand Island, NY) + 10% fetal
bovine serum and 1% antibiotic and maintained until cells
were needed. Cells were sub-cultured in osteogenic media
(·-MEM supplemented with 10 mM ß-glycerophosphate,
50 mM ascorbic acid and 10 μM dexamethasone) for the
induction of the osteoblast phenotype. Cells were cultured for
1-23 days at 37˚C in 5% CO2. The effect of the inhibition of
P38 on osteoblastic cell differentiation was determined by
treating the osteoblastic cell cultures with 10 μM of SB203580
(Sigma, St. Louis, MD) for four days. After day 4, the cell
cultures were continued in osteogenic media for the remainder
of culture period.

Identification of osteoblast differentiation
Alkaline phosphatase activity. On the required day of culture,
MC3T3 cells were sub-cultured in osteogenic media for the
induction of the osteoblast phenotype. The cells were seeded
in a 96-well culture plate and incubated to confluency. The
media in each well was removed and replaced with 200 μl of
1% Triton-X-100 for 1 h at 4˚C in order to lyse the cells.
Lysate (100 μl) was then taken from each well and 50 μl of
p-nitrophenol phosphate and 50 μl of 2-amino-2methyl-1-
propanol buffer were added. The alkaline phosphatase reaction
was run for 90 min at 37˚C and stopped with the addition of
0.5 M NaOH. The absorbance of the samples was read at
405 nM with a spectrophotometer and a standard curve was
generated with p-nitrophenol solutions with 0.02 M NaOH. A
Sigma unit of phosphatase activity was defined as the amount
of enzyme activity that will liberate 1 μmole of p-nitrophenol
per hour under the test conditions described in detail by Bessey
(24). Values were expressed as Sigma units/mg protein. Protein
was measured with the remaining 100 μl of lysate in each
well using a BioRad protein assay (Bio-Rad Laboratories,
NY, USA).

Reverse transcriptase-polymerase chain reaction (RT-PCR).
Total RNA was extracted from MT3C3-E1 cell cultures from
day 1-23 at an interval of two days using TRIzol total RNA
isolation reagent (Invitrogen Life Technologies, Inc.,
Rockville, MD). The first-strand cDNA was synthesized
from 1 μg of total RNA by using the SuperScript III™ RNase

H-reverse transcriptase (Invitrogen Life Technologies, Inc.).
Using the cDNA as a template, PCR was carried out under
the following conditions: denaturation at 94˚C for 45 sec,
annealing at 58˚C for 45 sec and primer extension at 72˚C for
90 sec in 25 cycles for GAPDH, osteocalcin and bone
sialoprotein. Pairs of oligonucleotides, 5'-GTCCCGTAGAC
AAAATGGTG-3' and 5'-AGGCCCCTCCTGTTATTATG-3'
for GAPDH, 5'-ACCTAGCAGACACCATGAGG-3' and
5'-TACTTGCAGGGCAGAGAGAG-3' for osteocalcin, 5'-AT
TCTGAAGAAAACGGGGTC-3' and 5'-CGTCCTCATAA
GCTCGGTAA-3' for bone sialoprotein, were used as primers
for RT-PCR. The PCR products were separated in 1% agar
gels and stained with ethidium bromide. The fragment bands
were quantified by using the GS700 imaging densitometer
(Bio-Rad).

Morphological staging. MC3T3-E1 osteoblast-like cells
obtained at different times (every two days) in culture were
washed in PBS (3x). The cells were fixed for 5 min in neutral
formalin then rinsed with deionized water. The wells were
exposed to UV light after the addition of 5% silver nitrate.
Sodium thiosulfate was used to stop the treatment after 1 h.

Determination of PKC isoform expression
Western blot analysis. MC3T3-E1 osteoblast-like cells from
day 1-23 (at an interval of two days in culture) were isolated
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Figure 1. Protein markers of OBC differentiation. Cells were cultured and
induced as indicated in Materials and methods. (A) Alkaline phosphatase
activity from the MC3T3-E1 osteoblastic cells was measured using a
spectro-photometric assay. Results are presented as the percentage
maximum degree of alkaline phosphatase activity. Data represent the mean
Sigma units/mg protein and SD of quadruplicate samples. (B) The
expression of OC and BSP in MC3T3-E1 osteoblastic cells. Semi-
quantitative RT-PCR was preformed on RNA extracted from the sample at
indicated days. Each blot is representative of 3 separate experiments with
similar results. 
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as follows: The cells were collected from the wells in 1X
cold PBS, counted and an equal number of cells were then
solubilized using 100 μl SDS sample buffer (2% SDS, 10
mM DTT, 10% glycerol, 10 mM Tris-HCl, 0.01% bromo-
phenol blue) for each condition. The collected cell number was
kept constant throughout the experiment. Western blot analyses
using commercially available antibodies were performed in
order to determine the PKC isoforms expressed in MC3T3-E1.
Whole cell lysate samples were analyzed along with prestained
standards (commercially available from Bio-Rad) and PKC
isoform positive control (rat cerebrum from Transduction
Laboratories, Lexington, KY) on 7.5% sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE) at ~200 V, constant current.
After electrophoresis, the proteins were transferred to Immo-
bilon P membranes at 47 mA constant current for 90 min. The
membranes with the transferred proteins were blocked in PBS
with 3% milk for 60 min in order to prevent the non-specific
adsorption of the antibodies. The membranes were then probed
with specific primary antibodies to PKC ·, ß, Á, ‰, ε, Ï/Ë and θ
(Transduction Laboratories) diluted to the recommended
concentrations for at least 1 h. After appropriate washing steps,
the membranes were then incubated with hrp conjugate goat
anti-mouse IgG as the second antibody at a 1:2000 dilution
for at least 1 h. Detection of the proteins that were expressed
was achieved by placing the membrane in a chemi-
luminescent mixture for 5 min then exposed to Kodak film.
Quantification of the isoforms expressed was determined by
densitometry.

Immunofluorescence. Intracellular localization of PKC Ë and
θ was determined using an immunofluorescence cell staining
procedure. MC3T3 cells grown in osteogenic and non-osteo-
genic media were allowed to attach to cover slips for 24 h.
After appropriate washes, the cells were fixed with 2%
formaldehyde, permeabilized, and blocked for non-specific
binding. The cells were incubated with monoclonal primary
antibody to PKC Ë and θ followed by incubation with FITC
conjugated secondary antibody. Each coverslip was then
mounted onto a slide containing mounting media. A phase
contrast fluorescence microscope (Nikon Eclipse inverted
microscope TE 2000-U) with appropriate filters was then used
to observe the intracellular localization of the PKC Ë and θ of
stimulated and non-stimulated cells.

Morphology. MC3T3-E1 osteoblast-like cells obtained at
different times (every two days) in culture were washed in
PBS (3x). The cells were fixed for 5 min in neutral formalin,
then rinsed with deionized water. The cells were exposed to
UV light after the addition of 5% silver nitrate. Sodium thio-
sulfate was used to stop the treatment after 1 h.

Statistical analysis. All alkaline phosphatase spectrophoto-
metric assays were preformed in quadruplicate and repeated
for inter-sample verification. Results were expressed as the
percentage maximum degree of activity. Statistical analyses
were performed using a statistical software program (StatView
4.5, Cary, NC). Data were analyzed by factorial analysis of
variance (ANOVA). The level of significance corresponded
to a P-value of ≤0.05.

Results

Expression of OBC differentiation markers by MC3T3-E1 cells.
It was determined that the expression pattern of osteoblastic
cell differentiation markers was similar to previously published
reports. Alkaline phosphatase activity was minimal at days 1-7
in culture with a significant increase in activity observed at
days 9, 15 and 21 (Fig. 1A). Levels of OC were low at days
1-5. At day 5 of osteogenic stimulation, the level of OC began
to rise with significant increases observed at days 9 and 15
(Fig. 1B). The expression pattern for bone sialoprotein (BSP)
was very similar to that of OC. The mRNA level of BSP was
low at day 1 and continually increased in expression with a
significant peak observed at day 9. BSP reached a peak
level of mRNA expression from day 17 to day 23 (Fig. 1B). In
our observation, the initial critical time-dependent changes
appeared to occur consistently between days 7 and 9, following
stimulation with osteogenic media. The next critical time-
dependent change occurred around days 15 and 17 cultured in
osteogenic media and the final phase occurred around day
21. We observed a significant increase in the expression
levels of these markers approximately every seven days,
suggesting the transition of the cells from the proliferation-
differentiation-mineralization phase.

Morphologic changes of the cell culture. The initial period of
culture displayed flat elongated cells resembling fibroblasts
(Fig. 2A). After ~7-9 days of osteogenic stimulation, the cell
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Figure 2. Morphologic changes of the culture. MT3C3-E1 cells were cultured and induced from day 1 to 23 as indicated in the text. The cultures were
examined and micrographed at a two-day interval (A, early) initial proliferative stage (Day 1); (B, mid) differentiation stage (Day 9); (C, late) mineralization
stage (Day 21).

A B C
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culture exhibited characteristic post mitotic differentiating
osteoblasts involved in matrix accumulation (Fig. 2B).
However, Von Kossa staining was not positive for mineralizing
nodules until days 19-21, indicating the presence of mature
non-proliferating OBC (Fig. 2C).

Expression pattern of PKC isoforms in MC3T3-E1 osteo-
blastic cells. The expression of PKC ·, ß, Á, ‰, ε, Ï, Ë and θ
in MC3T3-E1 osteoblastic cells was determined using
commercially available isoform-specific antibodies with
Western blotting. The amount of total protein was accounted
for by standardizing the number of cells used during each
series of experiments. Whole cell lysate protein obtained
from MC3T3-E1 cells was run on SDS-PAGE along with
standards and controls. PKC ·, ‰, Ï, Ë and θ are all highly
expressed in MC3T3-E1 osteoblastic cells. The isoforms ß
and ε were minimally detectable, showing low reactivity as
compared to PKC positive control (rat cerebrum). PKC Á was
not detected under any of the culture conditions used. The
pattern of expression for all five major isoforms detected in
MC3T3-E1 is such that all are highly expressed during the early
proliferative phase of OBC differentiation. However, as time
in culture increased, there were differences observed in the
expression pattern of the different isoforms as it relates to
the maturing OBC, with PKC Ë and θ displaying the most
interesting pattern of expression in differentiating MC3T3 cells
(Fig. 3).

Correlation of the effect of osteogenic media on differentiation
markers and PKC θ and Ë expression in MC3T3-E1 cells. The
pattern of expression of PKC Ë and θ was therefore correlated
to the OBC protein differentiating markers in order to better
decipher their expression profile. The level of PKC Ë was
highest at day 1 of cells cultured in OG media with a dramatic
decrease in expression thereafter. The level of PKC Ë decreased
to as low as 25% at day 5. An increase in PKC Ë expression
was observed at day seven along with an increase in OC, ALP,
and BSP. PKC Ë was non-detectable at days 9, 11 and 13.
This isoform again reappeared at day 15 with an expression
level ~50% of the expression observed at day 1. This
reappearance correlated with an increase in OBC phenotypic
markers. PKC θ was detected at day 1 of cell culture and was
considerably down-regulated thereafter (Fig. 4).

Intracellular translocation of PKC θ and Ë upon osteogenic
stimulation. The possible role of PKC Ë and θ in OBC
differentiation was additionally investigated by comparing
the intracellular translocation of osteogenically stimulated
PKC Ë to that of PKC θ. Cells grown in osteogenic media on
coverslips were examined along with matched controls by
immunofluorescence using isoform-specific antibodies and
phase contrast microscopy. The results demonstrate that PKC θ
is seen concentrated in the perinuclear area prior to osteogenic
stimulation and significantly down-regulated after osteogenic
stimulation. PKC Ë is observed to be significantly up-regulated
and concentrated in the nuclei of osteogenic-stimulated osteo-
blastic cells as compared to that of control. Therefore, the
immunofluorescence results in Fig. 5 add support to previous
data observed for the involvement of PKC Ë and θ in
osteoblastic cells differentiation.

The effect of p38 inhibitor SB203580 treatment on PKC Ë
and ·. To further delineate the involvement of PKC Ë in osteo-
blastic differentiation, the p38 inhibitor SB203580 was used
and its effects on alkaline phosphatase activity and PKC Ë

and · was determined at day 1 and day 7. The data show that
the inhibition of p38 resulted in a decrease in alkaline
phosphatase activity and a marked down-regulation of PKC Ë
at both day 1 and day 7 while this inhibitor of osteoblastic
differentiation had little effect on PKC · (Fig. 6).

Discussion

The expression pattern of PKC isoform during osteoblastic
cell differentiation was determined using the MC3T3-E1
in vitro model of osteogenesis. The MC3T3-E1 cell line has
been demonstrated to be a useful cell system in studying osteo-
blastic cell differentiation (25,26) and these cells, cultured
in the presence of ß-glycerol phosphate and ascorbic acid,
differentiate in a sequential pattern to mature osteoblast.
Specific protein markers are expressed in a temporal fashion
during each osteoblastic differentiation stage. This temporal
expression was used to determine the specific isoform of
PKC involved in osteoblastic cell differentiation.

Our previous studies, along with those of others (20), have
demonstrated that there is a specific pattern of PKC isoform
expression in osteoblastic cells that depends on the source of
the osteoblastic cells. The expression profile of the isoforms
is cell-specific with differences observed between species and
among primary versus transformed osteoblastic cells. In the
present study, the expression profile of PKC isoforms is also
shown to be dependent upon the stage of differentiation.
Similarly to the osteoblastic cells previously tested, PKC ·, ‰

and Ï were found to be highly expressed. The expression of
PKC θ was dependent upon stage of differentiation. PKC Ë,
which was not previously tested, was also found to be highly
expressed by these cells. PKC ß and ε were only weakly
detected when compared to PKC isoform positive controls.

The present study provides evidence that multiple
isoforms from a single PKC class are expressed in MC3T3-E1
cells. The profile of expression for PKC isoforms has been
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Figure 3. Expression pattern of PKC isoforms in MC3T3-E1 osteoblastic
cells. Western blot analyses of whole cell lysates retrieved from days 1-23
of MC3T3-E1 osteoblastic cell cultures were carried out using anti-PKC ·,
ß, Á, ‰, ε, Ï, Ë and θ monoclonal antibodies. Each blot is representative of
3 separate experiments with similar results. A similar blot for PKC Ë and
θ were scanned and the data are presented as graphs in Fig. 4.
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observed previously in primary rat osteoblastic cells as well as
in a number of transformed osteoblastic cells. In contrast, only
one member from each PKC class was detected in the primary
human osteoblast (22). Thus, it still remains possible that in
the primary rat, transformed lines as well as, in MC3T3-E1
osteoblastic cells, that multiple isoforms of PKC are in large
part functionally redundant. However, differences that exist
among the classes of PKC isoforms have identified several
distinct mechanisms, which impart specificity to the action of
individual isoforms (23,27,28). PKC isoform diversity could
convey a high degree of specificity, as well as flexibility to
the mechanism of signaling in osteoblastic cells.

The particulars of function of different members of the
PKC family are becoming increasingly lucid (29,30). The
present study delineates which particular isoforms are
expressed by MC3T3-E1 cells; and correlates the expression
profile of the isoforms to protein markers of the osteoblast
differentiation process. Western blot analysis was used to
determine which PKC isoforms are expressed during distinct
phases of MC3T3-E1 osteoblast development. RT-PCR was
used to assess the stage of osteoblast differentiation by looking
at genes associated with the proliferation, differentiation and
mineralization phases.

The initial stage of pre-osteoblastic MC3T3-E1 cell cultures
has been well characterized as having highly proliferating

cells, displaying fibroblastic morphology (Fig. 2) and low bone
ALP levels (Fig. 1A). During these early proliferative stages,
high levels of expression of PKC ·, ‰, Ï, θ and Ë were found.
PKC · demonstrated the expression pattern that correlated best
with the early markers of the OBC phenotype. The expression
of PKC · continued to increase throughout the proliferative
stages of MC3T3-E1 OBC. This pattern of expression is in
accord with previous studies (22,31). In primary rat OBC there
is a continuous increase in PKC · expression from early to late
cell cultures. Geng et al also demonstrated a marked increase
in the level of cPKC-· expression in rat osteogenic sarcoma
cells (UMR-108) upon cellular confluency (32).

PKC Ë and θ expression displays the most dramatic pattern
during the differentiation of MC3T3-E1 cells from the pre-
osteoblastic to the mature osteoblastic phenotype. While the
cells continued to express the isoforms ·, ‰ and Ï throughout
the maturation process, PKC θ is significantly down-regulated.
During the time of the differentiation process in which
MC3T3-E1 exit the cell cycle, the expression of the θ isoform
is down-regulated to a non-detectable level by day 7. A similar
expression pattern of PKC θ has been reported on tran-
scriptional level using gene array analysis in studying the
differentiation of MC3T3-E1 cells (33). This suggests that
PKC θ may play an inhibitory role in osteogenesis if it is not a
consequence of osteoblastic differentiation itself. Studies on the
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Figure 4. Correlation of the effect of osteogenic media on differentiation markers and PKC θ and Ë expression in MC3T3-E1 cells. The cells were stimulated
from day 1 to day 23 with ·-MEM supplemented with 10 mM ß-glycerophosphate, 50 mM ascorbic acid and 10 μM dexamethasone and OBC differentiation
markers and PKC isoform expression were determined as indicated in Materials and methods. Western blot and semi-quantitative RT-PCR analyses were
carried out. The resultant blots were scanned and quantified by densitometry (left) PKC θ (right) PKC Ë. The results are from one representative blot of 3
separate experiments with similar results.

Figure 5. Intracellular expression of PKC θ and Ë upon osteogenic stimulation. MC3T3 cells grown in osteogenic and non-osteogenic media were allowed to
attach to cover slips for 24 h. The cells were then fixed with 2% formaldehyde, permeabilized, and blocked for non-specific binding. The cells were incubated
with specific primary antibody then with FITC conjugated secondary antibody. A fluorescence microscope was used to observe the intracellular translocation
of the PKC isoforms of stimulated and non-stimulated cells (left 2 panels) PKC θ (right 2 panels) PKC Ë.
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role of PKC Ë in OBC are limited, however Sanders and Stern
demonstrated the differential expression of PKC Ë in osteo-
blastic cells and noted that the variability in expression may be
due to the stage of differentiation of the screened osteoblasts
(20). During the initiation of the osteoblast to the differentiation
phase there are marked increases in the mRNA levels of
OC, BSP and in bone ALP activity which parallel a
significant increase in PKC Ë at day 7. However, during the
differentiation phase at days 9-15 of cell culture, PKC Ë is
non-detectable.

The mineralization phase (final phase) of MC3T3-E1 OBC
maturation begins at approximately days 15-17 of cell culture.
Other studies have referred to this time point in culture as the
late mineralization stage (1) and as the final maturation phase
(2). Our present work demonstrates that OBC up-regulates
the expression of PKC Ë at the initiation of the mineralization
phase at day 15. This increase in PKC Ë expression is paralleled
by a marked increase in alkaline activity, OC and BSP mRNA
levels (Fig. 4B). During the phase of active extracellular matrix

mineralization characterized by nodule formation, maximum
peak of expression of OC, BSP and peak in bone ALP activity,
another peak in the expression of PKC · was detected, which
occurred at day 21. Both PKC Ë and θ were non-detectable at
this stage. The noted morphological changes observed in the
cell culture during this stage are in accord with previous studies
and are suggestive of post-mitotic matrix producing osteo-
blastic cells involved in mineralization.

The expression level of PKC Ë peaked at the initiation of
the proliferative phase and correlated with low levels of OBC
differentiation protein markers. There were also marked
increases in the expression of PKC Ë at the initiation of the
differentiation as well as the maturation phases of osteo-
genesis. These results suggest that PKC Ë may be the candidate
isoform involved in the initiation of the three phases of
MC3T3-E1 OBC maturation. Further studies to ascertain the
possible involvement of PKC Ë in osteoblastic cell differ-
entiation were therefore initiated. Immunofluorescence
studies using phase contrast microscopy were performed to
assess the intracellular translocation of PKC Ë and θ upon
osteogenic stimulation. In accord with the Western blot results,
PKC θ was expressed throughout the cytoplasm and peri-
nuclear area prior to osteogenic stimulation and this isoform
was significantly down-regulated after osteogenic stimulation.
PKC Ë was observed to be up-regulated and appears to be
concentrated within the nucleus upon osteogenesis.

Hu and coworkers (34) have demonstrated that p38 MAPK
activity is required for osteoblastic differentiation in several
cell cultures; including MC3T3-E1 cells. Therefore, SB203580
was used as a tool to inhibit p38 MAPK activity and
determine the effect on alkaline phosphatase activity and
PKC Ë and · (the isoform previously demonstrated to be
involved in OBC proliferation). The inhibition of p38 MAPK
activity resulted in a marked decrease in PKC Ë expression and
had little effect on PKC · expression. The data also showed a
significant decrease in alkaline phosphatase activity with p38
inhibition. These results, implicate PKC Ë as the possible
isoform involved in the differentiation of osteoblastic cell in
part acting through the p38 MAPK pathway. PKC Ë has been
implicated in the control of proliferation and differentiation
in other cell systems (35,36). Cabodi and coworkers demon-
strated that PKC Ë was involved in growth suppression of
keratinocytes and plays a role in the initiation of cellular
differentiation (35). However, further studies are necessary
in order to determine if these observed changes in PKC Ë

expression are an upshot of differentiation or play a regulatory
role in the control of the differentiation process.

In summary, this study demonstrates that there is a specific
expression profile of PKC isoforms in MC3T3 osteoblastic
cells, which differs in their pattern of expression throughout
the development of the cells. The expression pattern of PKC
isoforms suggests possible specificity of function of individual
isoforms in osteoblastic cells during the process of osteogenesis
and may render novel regulatory approaches in the prevention
and treatment of skeletal diseases.
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Figure 6. The effect of p38 inhibitor (SB203580) treatment on PKC ·, Ë, and
alkaline phosphatase activity. The effect of the inhibition of P38 MAPK on
osteoblastic cell differentiation was determined by treating MC3T3 cell
cultures with 10 μM of SB203580 for four days. After day 4 the cells were
cultured in osteogenic media for the remainder of the culture period. WB
technique previously described was used to evaluate the expression of the
PKC Ë and ·. Alkaline phosphatase activity was monitored via enzymatic
methods, (A) control (B) p38 inhibitor (C) alkaline phosphatase.
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