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ABSTRACT

We employed a well-standardized murine rib fracture model to assess the distribution, in the corti-
cal bone, of three important osteocyte-derived molecules—dentine matrix protein 1 (DMP1),
sclerostin and fibroblast growth factor 23 (FGF 23). Two days after the fracture, the periosteum
thickened, and up to the seventh day post-fracture, the cortical surfaces were promoting neo-
formation of two tissue types depending on the distance from the fracture site: chondrogenesis
was taking place near the fracture, and osteogenesis distant from it. The cortical bones supporting
chondrogenesis featured several empty lacunae, while in the ones underlying newly-formed woven
bone, empty lacunae were hardly seen. DMP1-immunopositive osteocytic lacunae and canaliculi
were seen both close and away from the fracture. In contrast, the region close to the fracture had
only few sclerostin- and FGF23-immunoreactive osteocytes, whereas the distant region revealed
many osteocytes immunopositive for these markers. Mature cortical bone encompassing the native
cortical bone was observed at two-, three- and four-weeks post-fracture, and the distribution of
DMP1, sclerostin and FGF23 appeared to have returned to normal. In summary, early stages of
fracture healing seem to be important for triggering chondrogenesis and osteogenesis that may be
regulated by osteocytes via their secretory molecules.

Fracture healing is a sequence of biological process-
es that include new formation of cartilage and bone.
The tissue composed of newly-formed cartilage and
bone, referred to as “callus”, is the product of a co-
ordinated physiological cascade that involves prolif-
eration and differentiation of various lineages of
inflammatory cells, angioblasts, fibroblasts, chondro-
blasts, and osteoblasts (24, 32). The initial cellular
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event is supposed to be cell replication of periosteal
mesenchymal cells in the tissues surrounding the
fracture site. After that, chondroblastic and osteoblas-
tic differentiation ensues to promote the growth of a
scaffold of cartilaginous and bony tissue, which is
needed for initial bridging of the fracture gap.
Through endochondral ossification, bone tissue grad-
ually replaces the cartilaginous callus that was essen-
tial for primary stabilization of the fractured bone.
There are reports showing that periosteal mesen-
chymal cells respond to locally increased levels of
growth factors and cytokines, and may differentiate
into chondrocytes or osteoblasts (41), so that, the
periosteal mesenchymal environment appears to in-
fluence such cell fate (4). In spite of the local ef-
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fects of chondro-osteogenic factors, it is important
to know whether the chondrocytic and osteoblastic
precursors are derived from the same cell popula-
tion, or whether they rise from one of two distinct
periosteal layers: the outer “fibrous layer” and the
inner “cambium layer”, also referred to as the “os-
teoblastic layer”. In a previous study, the cambium
layer seemed to comprise the intrinsic periosteal
component with respect to bone formation (5). Ito et
al. demonstrated that the cambium layer, not the fi-
brous layer, serves as a reservoir of undifferentiated
cells that are able to differentiate into osteoblasts
and chondrocytes (15). Our previous study showed
that, after cell proliferation had been stimulated in
the cambium layer, cartilage and bone were regener-
ated having as source the native bone surfaces close
to and distant from the fracture site (19).

In addition to the periosteal reaction, osteocytes
might also have a role in the cascade of cellular
events that ultimately lead to fracture healing. There
is a common understanding that living osteocytes
are mechanosensory cells that translate mechanical
loading into cell signals, thereby regulating bone re-
modeling indirectly. Some ideas on how this may
actually happen have been proposed, e.g., stretch-
activated ion channels (25), shear stress from inter-
stitial fluid flow (8, 33) leading to the release of
biochemical mediators such as nitric oxide and pros-
taglandins (1, 9, 14, 17, 43), and controlling of
cell-to-cell communication via gap junctions (10).
Therefore, it is likely that osteocytes influence peri-
osteal osteoblasts in physiological and pathological
circumstances, including bone fracture healing. Os-
teocyte-derived molecules were highlighted because
the synthesis of these molecules may reflect osteo-
cytic functions related to mechanosensing, regula-
tion of bone remodeling and so forth. Many studies
have reported on important osteocyte-derived fac-
tors, which regulate osteoblastic activities (scleros-
tin), affect proximal renal tubules to reduce serum
concentrations of inorganic phosphorus (fibroblast
growth factor 23, FGF23) and adhere to calcium
phosphates in bone matrix (dentin matrix proteinl,
DMP1).

DMPI1 is a bone matrix protein expressed by os-
teocytes that plays a supposedly important role in
bone mineral homeostasis due to its high calcium-
binding affinity (11, 35). Another osteocyte-derived
factor, sclerostin, is a glycoprotein encoded by the
Sost gene (40), and was reported to bind the LRP5/6
receptor—thereby antagonizing Wnt signaling and
increasing P-catenin degradation (21, 37). Hence,
sclerostin is known as a negative regulator of osteo-
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blastic bone formation (27, 31, 36), as it is secreted
by osteocytes, passes through the osteocytic canalic-
uli and inhibits the activation of bone-lining osteo-
blasts. On the other hand, there are reports on
FGF23-driven modulation of adequate serum phos-
phate concentrations, which are required for normal
skeletal development as well as preservation of bone
integrity (28). Although FGF23 mRNA is found in
several tissues (22, 30, 34), it is most abundantly ex-
pressed in bone (39). As a circulating factor secreted
by osteocytes, FGF23 inhibits phosphate reabsorp-
tion and 10,25(OH),D; production in the kidney
(30), thereby acting on phosphate homeostasis. In
addition, an in vitro study has demonstrated that
overexpression of FGF23 resulted in the suppression
on matrix mineralization (38). Thus, osteocytes may
govern periosteal cells’ response to fractures by con-
trolling the secretion of molecules such as DMPI,
sclerostin and FGF23.

In this study, we employed the mouse rib fracture
model established by Li et al. (19) to examine the
immunolocalization of osteocyte-derived molecules
in an attempt to foster the understanding on the role
of osteocytes in prompting chondrogenesis/osteogen-
esis in fractured bones.

MATERIALS AND METHODS

Animals and tissue preparation. All animal experi-
ments in this study were conducted under the
Hokkaido University Guidelines for Animal Experi-
mentation (research proposal approved under No.11-
0005). Thirty six male ICR mice at 8 weeks of age
(weighing about 30 g; CLEA Japan Tokyo, Japan)
were anesthetized with an intraperitoneal injection
of 8% chloral hydrate (400 mg/100 g body weight).
A transverse fracture was made with scissors on the
right eighth rib of each mouse, as previously de-
scribed (19). After the procedure, mice were housed
with free access to water and to a powder diet. An-
tibiotics were not given to the operated mice. Ani-
mals were sacrificed at 2-, 4-, 7-days and 2-, 3- and
4-weeks after fracture creation (n =6 for each).
Mice were anesthetized as described above, and fix-
ation was performed with a transcardiac perfusion
of 4% paraformaldehyde in a 0.1 M phosphate buf-
fer (pH 7.4). Following fixation, the eighth rib and
surrounding muscles were removed en bloc, im-
mersed in the same fixative for an additional 18 h
and decalcified with 10% EDTA-2Na solution for 4
weeks at 4°C. After demineralization, the specimens
were dehydrated through an ascending ethanol series
prior to paraffin embedding.
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Immunohistochemistry for DMP1I, sclerostin, FGF23,
periostin and tissue nonspecific alkaline phospha-
tase. Dewaxed sections were treated with 0.1% hy-
drogen peroxide for 15 min. After pre-incubation
with 1% bovine serum albumin (BSA; Serologicals
Proteins Inc., Kankakee, IL) in PBS (1% BSA-PBS)
for 30 min at room temperature (RT), the serial his-
tological sections were incubated with rabbit anti-
body against DMP1 (Takara Bio Inc., Otsu, Japan)
at a dilution of 1 :300, with rabbit polyclonal anti-
sera against tissue nonspecific alkaline phosphatase
(ALP) (26) at a dilution of 1 : 500 or with rabbit an-
tibody to mouse periostin (14, 18) at a dilution of
1:500 with 1% BSA-PBS at RT. These sections
were reacted with horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG (DakoCytomation,
Glostrup, Denmark), proceeded rinsing with PBS.
For detection of FGF23 and sclerostin, the dewaxed
paraffin sections were treated with rat anti-FGF23
(R&D systems Inc., Minneapolis, MN) diluted at
1:100 for 2h, or with goat anti-mouse sclerostin
antibody (R&D systems) at a dilution of 1: 100 for
2 h. Sections treated with the primary antibodies were
subsequently incubated in HRP-conjugated anti-rat
IgG (Chemicon International Inc., Temecula, CA) or
HRP-conjugated anti-goat IgGs (Rockland Immuno-
chemicals Inc., Gilbertsville, PA) at a dilution of
1:100 at RT. All immune complexes were visual-
ized using 3,3’-diaminobenzidine tetrahydrochloride
(DAB; Dojindo Laboratories, Kumamoto, Japan).
All sections were counterstained with methyl green,
and observed under a light microscope (Eclipse E800;
Nikon Instruments Inc., Tokyo, Japan).

Quantification of the percentage of DMPI-, scleros-
tin- or FGF23-positive osteocytes. The cortical bone
was divided into two areas: the area close to the
fracture site (from the fracture surface to a putative,
vertical line 500 um distant from the facture) and
the area distant from the fracture site (between two
putative vertical lines 500 pm and 1000 um distant
from the fracture surface). Regarding the ratio of
empty lacunae and lacunae with osteocytes, we
counted the number of empty lacunae or lacunae in-
cluding osteocytes in the regions close and distant
from the fracture, and divided them by the total
number of osteocytic lacunae, expressing the results
in percentage (n =6 for each).

For the percentages of DMPI1-, sclerostin- and
FGF23-positive osteocytes in cortical bone, we count-
ed the numbers of DMPI-, sclerostin- or FGF23-
positive osteocytes and then divided the counts by
the numbers of living osteocytes in the regions close
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and distant from the fracture site (n =6 for each).
All values are presented as means =+ standard devia-
tion. Differences among groups were assessed by
unpaired Student’s t-test, and considered statistically
significant when P < (0.05.

RESULTS

We have divided all experimental periods of fracture
healing in two groups: early stage (2-, 4- and 7-days
post-operation) and late stage (2-, 3- and 4-weeks
post-operation). The early stage of fracture healing
showed chondrogenesis/osteogenesis derived from
the cortical surface, while the late stage displayed
endochondral ossification.

Histological alteration of periosteum and cortical
bones at post-fracture days 2, 4 and 7

After 2 days, the fracture line was smooth, and there
was no evidence of inflammation in the surrounding
tissues (Fig. 1A). The periosteum of the fractured
rib was thickened and with high cellular density
(Fig. 1B). Although ALP immunoreactivity, which is
a hallmark of osteoblastic cells, was broadly seen in
the thickened periosteum (Fig. 1C), periostin immu-
noreactivity still remained in the fibrous layer of
periosteum, but in part, sparse throughout the peri-
osteum (Fig. 1D). The cortical bone near the fracture
site, henceforth referred to as “close region”, showed
several empty osteocytic lacunae, while higher counts
of intact osteocytes were found in the region distant
from the fracture site, or “distant region” (Fig. 1B).
At post-fracture day 4, two different, but intertwined
matrices faintly stained with hematoxyline or eosin
seemed to derive from the native periosteal surface of
the close and the distant regions, respectively (Fig. 1E,
F). In serial sections, ALP- and periostin-immunore-
activity was weakened to be sparse in such matrices
(Fig. 1G, H). At post-fracture day 7, cartilaginous
matrices had arisen from the periosteal surfaces of
the close region, while woven bone had formed at
the distant region neighboring the cartilaginous ma-
trix (Fig. 11, J). Many chondrocytes and osteocytes
were embedded in the newly formed cartilage and
bone, respectively (Fig. 1J). Interestingly, several os-
teocytic lacunae were empty beneath the close re-
gion, where chondrogenesis was taking place; on
the other hand, living osteocytes were present in the
distant region, from which woven bone was arising.
ALP-immunoreactivity was seen associated with
newly-formed woven bone, while periostin was dis-
tributed mainly in the outer regions of the cartilage
and woven bone (Fig. 1K, L).
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Fig. 1 Histology of periosteum and cortical bones at days 2, 4 and 7. Panels A-D, E-H and I-L represent histology and
immunohistochemistry for ALP and periostin at days 2, 4, and 7. After 2 days of the fracture, the periosteum of the frac-
tured rib was thickened (an asterisk in A). At a higher magnification, the thickened periosteum is shown to have a high cel-
lular density (B), and reveals the broad immunoreactivity for ALP (brown color, C) and overlying periostin (brown color, D).
Notice empty lacunae (arrowheads) and lacunae with osteocytes (arrows) in panel B. At day 4 (E, F), the thickened perios-
teum shows two different neighboring matrices faintly stained with hematoxyline (an arrow in F) or eosin (an arrowhead, F).
Note that the former and latter matrices derive from the native periosteal surface of the close and the distant regions. Weak
ALP-immunoreactivity is seen in some cells in the thickened periosteum (faint brown color, G), while periostin is sparsely
observed throughout the matrix (H). At day 7 (I, J), apparent cartilaginous matrices (ct) and woven bone (wb) are devel-
oped from the close and distant regions of the cortical bones (cb), neighboring each other (J). Note that there are empty
lacunae (arrowheads, J) beneath the newly-formed cartilage, while osteocytes (arrows, J) can be seen in the distant re-
gion, from which woven bone is arising. ALP-immunoreactivity is associated with newly-formed woven bone (K), and perios-
tin is sparsely distributed (L). Bars, A, E, I: 100 pm, B-D, F-H, J-L: 50 ym

Immunolocalization of DMP1, sclerostin and FGF23  ty of osteocytic lacunae and canaliculi were positive

in the cortical bones at post-fracture day 2

Empty lacunae were found mainly in the close re-
gion, whereas living osteocytes were seen in the dis-
tant region in the early stages of fracture healing.
The ratio of empty lacunae/lacunae occupied with
osteocytes was 87.52 vs 12.48 in the close region
and 18.14 vs 81.86 in the distant region at post-frac-
ture day 2 (Fig. 2G). In the close region, the majori-

for DMP1 (Fig. 2A), but little sclerostin- and FGF23-
immunopositivity was identified (Fig. 2C, E), when
compared with those in the distant region (Fig. 2B,
D, F). Statistical analyses demonstrated significantly
higher indices of sclerostin- and FGF23-reactive os-
teocytes in the distant region compared to those in
the close region (Fig. 2H). There was no significant
difference in the index of DMP1-positive osteocytes
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Fig.2 Immunolocalization of DMP1, sclerostin and FGF23 in the cortical bones at day 2. Panels A, C and E derive from
the cortical bone (cb) close to the fracture site, while panels B, D and F are the cortical bones distant from the fracture
site. Although there are only a few osteocytes (ocy) in the close regions (A, C, E), the distant regions show many DMP1
(B)-, sclerostin (D)- and FGF23 (F)-immunopositive osteocytes (ocy). Panel G reveals the ratio of empty lacunae/lacunae
occupied with osteocytes. Panel H is a statistical analysis for evaluating the percentage of DMP1-, sclerostin- and FGF23-
positive osteocytes divided by the number of intact osteocytes. Note significantly higher indices of sclerostin- and FGF23-
reactive osteocytes in the distant region compared to those in the close region. bm: bone marrow. Bars, A—F: 50 ym
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(Fig. 2H).

Immunolocalization of DMP1, sclerostin and FGF23
in the cortical bones at post-fracture day 4

The ratio of empty lacunae/lacunae occupied with
osteocytes was 87.04 vs 12.96 in the close region
and 18.97 vs 81.03 in the distant region at post-frac-
ture day 4 (Fig. 3G). As seen at post-fracture day 2,
most osteocytic lacunae and canaliculi were positive
for DMP1 in the close and in the distant regions
(Fig. 3A, B). In contrast, the close region had few
sclerostin- and FGF23-immunopositive osteocytes
while the distant region exhibited many osteocytes
positive for those two proteins (Fig. 3C—F). Statisti-
cal analyses verified the significantly higher counts
of sclerostin- and FGF23-immunopositive osteocytes
in the distant region, without a clear change in the
distribution of DMP1 (Fig. 3H). The main difference
from the previous stage was the presence of fibro-
blast-like cells showing a faint immunoreactivity for
FGF23, which were found in bone marrow near the
fracture site (See an inset of Fig. 3E).

Immunolocalization of DMPI, sclerostin and FGF23
in the cortical bones post-fracture day 7

The ratio of empty lacunae/lacunae occupied with
osteocytes did not dynamically change at day 7
compared to earlier stages (77.01 vs 22.99 in the
close region and 11.69 vs 88.31 in the distant re-
gion) (Fig. 4G). The close region showed abundant
DMP1-positive osteocytic lacunae (Fig. 4A) and few
sclerostin- and FGF23-reactive osteocytes (Fig. 4C,
E), whereas osteocytes in the distant region were re-
active for DMP1, sclerostin and FGF23 (Fig. 4B, D,
F). Several fibroblastic cells in the bone marrow
near the facture site still showed intense FGF23 re-
activity (Fig. 4E).

Histological alteration and immunolocalization of
sclerostin and FGF23 in the cortical bones at post-
fracture week 2, 3 and 4
In the later stages, cartilage associated with the na-
tive cortical bone underwent endochondral ossifica-
tion (Fig. 5). Cartilage and woven bone were evident
at post-fracture week 2 and 3 (Fig. 5A, B, D, E). As
endochondral ossification proceeded, an outer new-
ly-formed cortical bone was gradually growing and
covering the inner native cortical bone by week 4
(Fig. 5C, F). This outer cortical bone was thick and
mature, with less cartilage remnants.
Sclerostin-immunopositivity was all evident in
most osteocytes in the newly-formed outer cortex
and in the native inner cortical bone (Fig. 5G-I). Al-
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though FGF23-immunoreactivity was present in fi-
broblastic cells from the bone marrow and in the
granulation tissues surrounding the fracture after 2
and 3 weeks (Fig. 5J, K), the population of non-os-
teocytic FGF23-positive cells reduced gradually as
endochondral ossification proceeded (Fig. 5L).

DISCUSSION

It is important to understand how periosteal cells
and osteocytes interact in the circumstance of frac-
ture healing. To our knowledge, this is the first re-
port to demonstrate the chronological distribution of
osteocyte-derived molecules—DMP1, sclerostin and
FGF23—as chondrogenesis and osteogenesis pro-
gressed. In this study, the early stages of fracture
healing (up to post-fracture day 7) seem essential
for determining the sites at which chondrogenesis or
osteogenesis would take place.

A previous study of ours, which employed the
same animal model used here, clearly demonstrated
stimulated cell proliferation in the cambium layer as
the initial cellular event in fracture healing (19). Our
studies have confirmed that chondrogenesis and os-
teogenesis occur having the periosteal surfaces in re-
gions close and distant from the fracture site as their
foundation, suggesting that the cambium cell layer
is capable of chondrogenic and osteogenic differen-
tiation. This is in agreement with reports by Ito et
al., which described that osteoblasts in the cambium
layer remain in a bipotential state as “preosteochon-
drocytes” (15, 16).

Bone fractures destroy osteocytes and sever the
meshwork of osteocytic cytoplasmic processes, and
empty osteocytic lacunae appeared in the cortical
bone consequent to the fracture. Curiously, healing
initially came in the form of chondrogenesis near the
fracture site, where osteocytic lacunae were empty.
On the other hand, osteogenesis took place in the
region where osteocytes were alive and occupied
their lacunae. In addition to the increased ratio of
the empty lacunae, the indices of sclerostin/FGF23-
immunopositive osteocytes, however, imply that sev-
eral living osteocytes did not synthesize sclerostin
and FGF23 near the fracture site. It is possible that
the blockade of osteocyte-derived factors such as
sclerostin and FGF23 affects the function and differ-
entiation of periosteal osteoblasts, since osteocytes
and osteoblasts are coupled via gap junctions that
can transmit a variety of stimuli (10).

Another interesting finding in this work is the un-
usual localization of FGF23. After the fracture, os-
teocytes near the fracture site ceased synthesizing
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Fig. 3 Immunolocalization of DMP1, sclerostin and FGF23 in the cortical bones at day 4. Panels A, C and E represent the
cortical bones (cb) close to the fracture site, whereas panels B, D and F show the cortical bones distant from the fracture
site. The periosteal region shows a high cellularlity, and the underlying cortical bones have empty lacunae (A, C, E). There
is few sclerostin (C)- and FGF23 (E)-positive osteocytes in the close regions, while DMP1-positive lacunae can be seen (A).
Notice FGF23-immunoreactive fibroblastic cells in the region of bone marrow (an inset of panel E). In contrast, the distant
regions demonstrate many DMP1 (B)-, sclerostin (D)- and FGF23 (F)-immunopositive osteocytes (ocy). The ratio of empty
lacunae/lacunae occupied with osteocytes is shown in panel G. Statistical analyses demonstrate the indices of DMP1-,
sclerostin- and FGF23-positive osteocytes between the close and distant regions. There are significantly higher indices of
sclerostin- and FGF23-reactive osteocytes in the distant region compared to those in the close region. bm: bone marrow.
Bars, A—F: 50 ym
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Fig. 4 Immunolocalization of DMP1, sclerostin and FGF23 in the cortical bones at day 7. Panels A, C and E are the corti-
cal bone (cb) with newly-formed cartilage (ct) close to the fracture site, while panels B, D and F are the cortical bones with
woven bones distant from the fracture site. The ratio of empty lacunae/lacunae occupied with osteocytes does not dynami-
cally change at day 7 compared to earlier stages (G). The close region shows abundant DMP1-positive osteocytic lacunae
(A) and few sclerostin (C)- and FGF23 (E)-reactive osteocytes. In contrast, osteocytes (ocy) in the distant region are immu-
noreactive for DMP1 (B), sclerostin (D) and FGF23 (F). Several fibroblastic cells in the bone marrow near the facture site
still show FGF23 reactivity (E). Note significantly higher indices of sclerostin- and FGF23-reactive osteocytes in the distant
region compared to those in the close region (H). bm: bone marrow. Bars, A—F: 50 um



Osteocyte-derived factors in bone fracture

Sclerostin
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Fig. 5 Histological alteration and immunolocalization of sclerostin and FGF23 in the cortical bones at post-fracture weeks
2, 3 and 4. Cartilage (ct) and woven bone (wb) are evident at post-fracture week 2 (A, D). However, as time goes on, an
outer newly-formed cortical bone (asterisks in B and C, arrows in E and F) becomes thick, covering the inner native corti-
cal bone (cb in B and C) at weeks 3 and 4 (B, C, E, F). Sclerostin-immunoreactivity is observable in most osteocytes (ocy)
in the newly-formed outer cortex and in the native inner cortical bone (See insets of G-l). FGF23-immunoreactive fibroblas-
tic cells in the bone marrow (bm) and in the granulation tissues (gt) are prominent at weeks 2 and 3 (arrowheads in J and
K), but cannot be observable at week 4 (L). Bars, A—C: 150 ym, D-L: 75 ym

FGF23; instead, fibroblastic cells in the bone marrow
became FGF23-positive as early as post-fracture day
4, remaining so throughout post-fracture week 3.
Goebel et al. have reported that FGF23 was synthe-
sized in the granulation tissues surrounding bone
fracture sites, suggesting that FGF23 is a possible pa-
rameter for bone healing (12). In our study, FGF23-
producing fibroblastic cells were seen early in the
bone marrow, and were still present in the granula-
tion tissue 3 weeks after the fracture. As mentioned
above, the early stages up to day 7 appear to be in-
trinsic for determining chondrogenesis or osteogene-

sis associated with cortical bones. Therefore, even
though FGF23 affects osteogenic differentiation to
some extent (38), the chronological changes in the
localization of FGF23-synthesizing cells suggest that
it does not serve as a determinant of chondrogenesis/
osteogenesis. Nevertheless, it is possible that FGF23
acts locally in a way other than promoting chondro-
genesis/osteogenesis, especially considering its role
as regulator of inorganic phosphorus in serum (22,
28, 30, 34, 39).

Chondrogenesis and subsequent chondrocytic pro-
liferation and differentiation are regulated by Wnt/
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B-catenin signaling (2, 3, 6, 20, 42, 44). The cessation
of sclerostin synthesis by osteocytes near the fracture
site may lift the inhibition of Wnt/B-catenin signal-
ing in periosteal cells, consequently inducing chon-
drogenesis. However, there are reports suggesting that
Wnt/B-catenin signaling does not promote chondro-
genesis (13, 29); it is well known that sclerostin in-
hibits osteoblast activity via Wnt/B-catenin signaling.
Therefore, it does not also seem that Wnt/p-catenin
signaling is a determinant of chondrogenesis/osteo-
genesis. Several authors share the notion that the
cell surface receptor subtype to prostaglandin E2
(EP2) mediates the effects of autocrined prostaglan-
din E2 on the osteocytes’ gap junction in response
to fluid flow-induced shear stress (9, 17). In addi-
tion, EP2, cAMP, PKA and cyclooxygenase-2 are
critical components of the signaling cascade that in-
volves mechanical strain and gap junction-mediated
communication among osteocytes (1, 7). Altogether,
it seems likely that sclerostin and other factors af-
fect periosteal differentiation, but the details of such
effect and the nature of the factors involved is still
unknown. Nevertheless, we found it rather intrigu-
ing that sclerostin synthesis, or the lack thereof,
seemed to correlate spatially with either osteogene-
sis or chondrogenesis.

The precise function of osteocytes is still the sub-
ject of ongoing and fruitful scientific discussion. With
the aid of molecular biology strategies, further stud-
ies will help unveiling the functions, the products
and the effect of these cells on bone fracture healing.
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