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Mineralized Biomaterials Mediated Repair
of Bone Defects Through Endogenous Cells

Eva C. González Dı́az, BS,1,* Yu-Ru V. Shih, PhD,1,{,* Manando Nakasaki, PhD,1
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Synthetic biomaterials that create a dynamic calcium (Ca2+)-, phosphate (PO4
3-) ion-, and calcium phosphate

(CaP)-rich microenvironment, similar to that found in native bone tissue, have been shown to promote oste-
ogenic commitment of stem cells in vitro and in vivo. The intrinsic osteoconductivity and osteoinductivity of
such biomaterials make them promising bone grafts for the treatment of bone defects. We thus aimed to
evaluate the potential of mineralized biomaterials to induce bone repair of a critical-sized cranial defect in the
absence of exogenous cells and growth factors. Our results demonstrate that the mineralized biomaterial alone
can support complete bone formation within critical-sized bone defects through recruitment of endogenous cells
and neo-bone tissue formation in mice. The newly formed bone tissue recapitulated many key characteristics of
native bone such as formation of bone minerals reaching similar bone mineral density, presence of bone-
forming osteoblasts and tartrate-resistant acid phosphatase-expressing osteoclasts, as well as vascular networks.
Biomaterials that recruit endogenous cells and provide a tissue-specific microenvironment to modulate cellular
behavior and support generation of functional tissues are a key step forward in moving bench-side tissue
engineering approaches to the bedside. Such tissue engineering strategies could eventually pave the path toward
readily available therapies that significantly reduce patient cost of care and improve overall clinical outcomes.
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Introduction

Bone is a highly dynamic tissue with an intrinsic ability
to regenerate or repair in response to traumatic injury.

Despite this regenerative ability, extensive bone loss due to
severe trauma, infection, tumor excision, and degenerative
disease may lead to bone defects that often require surgical
intervention and the use of bone grafts to assist healing. In
the United States alone, *1.6 million bone grafts are nee-
ded on an annual basis, resulting in a cost of over 27 billion
dollars.1 For decades, autografts and allografts have re-
mained the standard of care for the treatment of non-healing
bone defects.2 These methodologies, however, suffer from
major drawbacks such as donor site morbidity and pain,
scarcity, immunorejection, and risk of disease transmis-
sion.2–4 In addition, a secondary surgery is required for graft
harvest, increasing the cost of care and lengthening the
treatment process.

Recent efforts have thus focused on developing alternative
treatment strategies like tissue engineering, wherein a bio-
material is used in conjunction with exogenous cells or os-
teoinductive growth factors, such as bone morphogenetic
proteins (BMPs).5,6 Although these biological-dependent
therapies have shown great efficacy in promoting bone regen-
eration, they suffer from numerous drawbacks. The use of high
BMP doses to expedite bone formation has been correlated with
an increased risk of tumorigenesis and other side effects, such as
local bone resorption and ectopic bone formation.7,8 In addition,
the effectiveness of exogenous cell-based therapies is often
limited by their scarcity and heterogeneity.9,10 Biomaterials that
possess intrinsic osteoconductivity, osteoinductivity, and os-
teogenicity and exploit the bone-forming potential of endoge-
nous cells could provide a widely accessible method for treating
critical bone defects.

We have recently developed a biomineralization strategy
to create mineralized biomaterials capable of modulating
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extracellular concentrations of calcium (Ca2+) and phos-
phate (PO4

3-) ions to successfully recapitulate the dynamic
extracellular mineral environment of native bone tissues.11

Our studies have shown that these biomineralized matrices
induce osteogenic differentiation of stem cells, including
mesenchymal stem cells, embryonic stem cells, and induced
human pluripotent stem cells, even in the absence of other
osteoinductive molecules12–16 and support bone tissue for-
mation and donor bone marrow cells in vivo.17–19 In this
study, we evaluated the potential of these biomineralized
scaffolds to direct orthotopic bone formation in a critical-
sized cranial defect in mice. We demonstrate that treatment
with these mineralized biomaterials results in bone forma-
tion of the defect through the formation of mature, vascu-
larized bone tissues from recruited host cells.

Materials and Methods

Graft synthesis and mineralization

Macroporous poly(ethylene glycol)-diacrylate-co-N-acryloyl
6-aminocaproic acid (PEGDA-co-A6ACA) hydrogels were
prepared by using a cryogelation method detailed previously.20

PEGDA and A6ACA were synthesized as described else-
where.21,22 A precursor solution consisting of 20% (w/v)
PEGDA (Mn = 3.4 kDa) and 0.5 M A6ACA were prepared in
0.5 M NaOH. The precursor solution was mixed with 0.5%
(w/v) ammonium persulfate and 0.2% (v/v) N, N, N¢-N¢-
tetramethylethylenediamine (TEMED). Approximately 75mL
of the above solution was placed onto a chilled polystyrene
dish. A chilled 15 mm coverslip was placed over the precursor
solution and the solution was left to polymerize for 24 h at
-20�C. Phosphate-buffered solution (PBS) maintained at room
temperature was added to the gel to thaw ice crystals within the
crosslinked structures and form macroporous hydrogels. The
macroporous hydrogels (i.e., cryogels) were subsequently
punched into 4 mm diameter disks of 0.7 mm thickness.

Mineralization of the cryogels was achieved by immersing
the structures in simulated body fluid (m-SBF), prepared as
previously described,11 for 12 h, and subsequently in 40 mM
Ca2+/24 mM PO4

3- (pH 5.2) under vacuum for 1 h. The cryogels
were briefly rinsed in ultrapure water and immersed in fresh m-
SBF for 48 h at 37�C. The mineralized cryogels were then briefly
washed with PBS to remove excess m-SBF, sterilized by im-
mersion in 70% ethanol for 3 h, and washed in sterile PBS.

Scanning electron microscopy
and energy-dispersive spectra

Scanning electron microscopy (SEM) was used to ex-
amine the pore structures of non-mineralized and mineral-
ized cryogels. Cryogels from each group were sliced into
thin pieces and lyophilized for 24 h. These samples were
then sputter coated (Emitech, K575X) with iridium for 7 s
and imaged using SEM (Philips XL30 ESEM). The mineral
composition of the mineralized cryogels was determined
through energy-dispersive spectra (EDS) analysis. ICA
software was used to quantify the calcium to phosphate
atomic ratio (Ca/P) from the resulting elemental spectra.

Surgical procedure and biomaterial implantation

In vivo function of the implants was performed in C57BL6/J
mice (2 months old) following the approval of the Institutional

Animal Care and Use Committee (IACUC) at the University of
California, San Diego, and was performed in accordance with
national and international guidelines for laboratory animal
care. Prior to surgery, mice were anesthetized using ketamine
(Ketaset, 100 mg/kg) and xylazine (AnaSed, 10 mg/kg) bupre-
norphine (0.05 mg/kg) through intraperitoneal injection. A skin
incision was made along the length of the calvaria to expose the
parietal region and a 4 mm diameter defect was made in both
the left and right parietal bones with a 4 mm biopsy punch.23

A sterile cryogel (mineralized and non-mineralized) was
transplanted onto each defect site. Following implantation, the
skin was sutured and mice were kept on a warm heating pad
until wakening. Mice were kept in separate housing cages. The
ability of the mineralized biomaterials to support neo-bone
tissue formation to repair critical bone defects was compared
against groups treated with corresponding non-mineralized
materials and groups with sham surgeries (untreated defects).
The bone tissue formation and healing of the critical bone de-
fects were analyzed as a function of time at 2 and 8 weeks
postprocedure.

Microcomputed tomography

Microcomputed tomography (mCT) was performed to as-
sess hard tissue formation within the cranial defects at 2 and 8
weeks postimplantation. All the groups (Sham, treated with
non-mineralized and mineralized implants) were also imaged
immediately after the implantation (termed as week 0 in
Fig. 2A). The entire skull of each mouse was harvested and
fixed in 4% paraformaldehyde for 4 days at 4�C. Samples
were rinsed with PBS and secured tightly between styrofoam
disks within a conical tube. Scanning was performed using
SkyScan 1076 (Bruker: 9 mm pixel, 50 kV, 0.5 mm Al filter).
Scan reconstruction was performed using NRecon software
(SkyScan; Bruker). Using CT Analyser software (SkyScan;
Bruker), bone structures were segmented using a threshold of
95–255. Bone mineral density (bone volume/total volume,
BV/TV) was quantified within the bone defect site. Three-
dimensional (3D) models were generated using CT Analyser
and rendered in CT Volume software (SkyScan; Bruker).
Defect closure was quantified by running the 3D models
through the particle analysis function on ImageJ.

Histology and immunohistological staining

Excised samples were first decalcified using 10% ethy-
lenediaminetetracetic acid (EDTA, pH 7.3) for 2 weeks at
4�C and rinsed with PBS. The samples were then gradually
dehydrated using increasing concentrations of ethanol and
incubated in Citrisolv until equilibrium was reached. Fol-
lowing dehydration, samples were immersed in a mixture of
50% (v/v) Citrisolv, 47.5% (w/w) Paraffin, and 2.5% (w/w)
poly (ethylene-co-vinyl acetate) (437220; Sigma) for 30 min
at 70�C.

Hematoxylin and eosin (H&E) staining was performed on
rehydrated sections by first incubating the samples in hema-
toxylin solution (catalog no. 3536-16; Ricca) for 1 min and
rinsing with ultrapure water. The samples were then incu-
bated with Eosin-Y solution (catalog no. 7111; Richard-Allan
Scientific) for 45 s and rinsed with ultrapure water. Stained
sections were gradually dehydrated using increasing concen-
trations of ethanol and immersed in Citrisolv until equilibrium
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was reached. Sections were mounted in glycerol and imaged
using a Keyence microscope (BZ-X700).

Tartrate-resistant acid phosphatase (TRAP) staining was
performed by following the manufacturer’s instructions
(catalog no. 387A; Acid Phosphatase Kit, Sigma-Aldrich).23

The solution was prepared by first mixing 50 mL of Fast
Garnet GBC base solution with 50mL of sodium nitrite
solution. This mixture was added to 4.5 mL of prewarmed
DI water at 37�C. After mixing, 50 mL of Naphthol AS-B1
phosphate solution, 200mL of acetate solution, and 100mL
of tartrate solution were added to the solution and mixed to
generate a working solution. Rehydrated sections were im-
mersed in the working solution, incubated at 37�C for 1 h
covered from light, and rinsed with ultrapure water. Sections
were then gradually dehydrated using increasing concen-
trations of ethanol and immersed in Citrisolv until equilib-
rium was reached. Slides were mounted with glycerol and
imaged immediately.

For immunohistochemical and immunofluorescent stain-
ing, rehydrated sections were immersed in a solution of

proteinase K (20 mg/mL, catalog no. 1000005393; Invitro-
gen) in 95% (v/v) TE buffer (50 mM Tris-HCl, 1 mM
EDTA, and 0.5% [v/v] Triton X-100; pH 8) with 5% (v/v)
glycerol and incubated for 15 min at 37�C. For immuno-
histochemical staining, sections were incubated in a blocking
solution containing 3% (w/v) bovine serum albumin (BSA)
and 5% normal serum for 1 h at 25�C. Samples were incu-
bated in primary antibody against osteocalcin (1:100, rabbit
polyclonal, catalog no. 1000005393; Abcam), RANK
(1:200, mouse monoclonal, catalog no. ab13918; Abcam),
and BMP2 (catalog no. ab14933, 1:500, rabbit polyclonal;
Abcam) in a blocking solution for 9 h at 4�C. For RANK
staining, a mouse on mouse (M.O.M) immunodetection kit
(Vector laboratories) was used. Sections were rinsed in PBS
and treated with 3% (v/v) hydrogen peroxide for 7 min at 25�C.
The samples were then incubated with secondary antibody
(1:100, horseradish peroxidase-conjugated donkey anti-rabbit,
catalog no. 711-035-152; Jackson ImmunoResearch) in a
blocking solution for 1 h at 25�C. Sections were rinsed in PBS
and developed by immersion in 3-3¢ diaminobenzidine (DAB)

FIG. 1. Biomineralized matrix
characterization. (A) SEM images
of non-mineralized and mineral-
ized macroporous cryogels. Scale
bars: 100 mm (top panels) and
10 mm (lower panels). (B) EDS
showing presence of calcium and
phosphate ions within mineralized
hydrogels. EDS, energy-dispersive
spectra; SEM, scanning electron
microscopy. Color images available
online at www.liebertpub.com/tea
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substrate solution (catalog no. SK-4100; Vector Laboratories)
for 2 min at 25�C. The developed sections were washed with
PBS and gradually dehydrated using increasing concentrations
of ethanol and immersed in Citrisolv until equilibrium was
reached. Slides were mounted in glycerol and imaged imme-
diately. For immunofluorescent staining, sections were washed
with PBS and permeabilized using 0.1% Triton X for 10 min at
25�C, which were then treated with sodium borohydride so-
lution (2.5 mg/mL in 50% [v/v] ethanol) for 30 min at room
temperature. The sections were immersed in a blocking solu-
tion (3% [w/v] BSA and 0.1% [v/v] Triton X) and incubated for
1 h at 25�C. Sections were then incubated with primary anti-
body against CD31 (Platelet endothelial cell adhesion mole-
cule [PECAM-1], catalog no. sc-1506, 1:100; goat Santa Cruz
Biotechnology) in a blocking solution for 12 h at 4�C and
washed with PBS.

Statistical analyses

Statistical analyses were performed using a minimum of
four samples for each experimental group. All experiments
were repeated independently at least twice. Statistical
analysis was performed using GraphPad Prism 6. Two-tailed
Student’s t-test was applied when comparing two groups
within the same time point. One-way analysis of variance
with Turkey-Kramer post hoc test was used for comparisons
between multiple groups within the same time point.

Results

Characterization of mineralized biomaterials

The macroporous structure of non-mineralized and min-
eralized cryogels was confirmed through SEM (Fig. 1A). In
addition to the interconnected macroporous structures, SEM
imaging also revealed the presence of bound minerals within
the mineralized matrices, which exhibited a flat, plate-shaped
morphology (Fig. 1A). Elemental analysis further confirmed
the presence of CaP minerals within the mineralized cryogels
and the calcium (Ca2+) to phosphate (PO4

3-), (Ca/P), ratio
was estimated to be 1.5 (Fig. 1B). We have previously dem-
onstrated that the CaP minerals found within these mineral-
ized biomaterials spontaneously undergo dissolution into
Ca2+and PO4

3- ions.12

Evaluation of hard tissue formation using lCT

Hard tissue formation within the cranial defects treated
with mineralized and non-mineralized cryogels, as well as
sham groups, was examined by using mCT at 0, 2, and 8
weeks postimplantation (Fig. 2). As evident from the mCT
images, the as-synthesized mineralized cryogels are not in-
herently radio-opaque. Two and 8 weeks postimplantation
analysis showed further calcification of the implanted min-
eralized cryogels compared to non-mineralized and sham
groups (Fig. 2A). Quantification of hard tissue formation in
the defect site revealed a significantly higher BV in groups
treated with mineralized cryogels compared to sham and non-
mineralized groups. Furthermore, the percent BV at 8 weeks
was comparable to that in the surrounding native bone tissue
(Fig. 2B). In contrast, sham and non-mineralized groups re-
vealed minimal to no hard tissue formation within the defect
site throughout the extent of the study.

Histological assessment of bone formation

H&E staining was performed for cranial sections harvested
following 2 and 8 weeks posttreatment to further evaluate the
healing process and neo-bone tissue formation at the defect
site (Supplementary Figs. S1 and S3, respectively; Supple-
mentary Data are available online at www.liebertpub.com/
tea). After 2 weeks, defects treated with both non-mineralized
and mineralized biomaterials showed significant host cell
infiltration, which was homogeneously distributed through-
out the implant (Supplementary Fig. S1). By 8 weeks, groups
treated with mineralized cryogels revealed relatively higher
extracellular matrix (ECM) content throughout the defect site
compared to non-mineralized cryogels (Fig. 3). Despite sig-
nificant host cell infiltration, no detectable hard tissue for-
mation was observed in defects treated with non-mineralized
cryogels even after 8 weeks. In the case of sham groups, no
bone formation was observed and the defects were bridged by

FIG. 2. Calcified bone tissue formation within critical-
sized cranial defects. (A) mCT images of mouse cranial
defects treated with mineralized and non-mineralized cryo-
gels, as well as sham groups, at 0 (day 0), and 2 and 8 weeks
postimplantation. Scale bars: 1 mm. (B) Quantification of
bone volume for sham, non-mineralized, and mineralized
groups at 2 and 8 weeks posttreatment. Asterisks denote
p values with statistical significance (***p < 0.001). mCT,
Microcomputed tomography.
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a thin layer of fibrous tissue, which is consistent with that
normally found in non-healing bone defects (Fig. 3 and
Supplementary Fig. S1).24

Evaluation of bone-specific markers

To further confirm the bone tissue formation, the tissue
sections were stained for osteocalcin, a bone-specific
matrix protein that is secreted by osteoblasts (Fig. 4A, B
and Supplementary Fig. S2A, B). At 2 weeks, groups
treated with mineralized cryogels showed presence of
ECM enriched with osteocalcin (Supplementary Fig. S2A,
B). A similar finding was also observed after 8 weeks of
postimplantation (Fig. 4A). These findings are further
shown by histogram intensity of the images, in which
lower histogram values indicate higher osteocalcin ex-
pression (Fig. 4B). In contrast, defects treated with non-
mineralized cryogels showed minimal presence of os-
teocalcin at the defect site, at both 2 and 8 weeks post-

implantation. The fibrous-like tissue bridging the defect
site of sham groups was found to have some, but less,
osteocalcin deposition at both 2 and 8 weeks posttreat-
ment. After 2 weeks of implantation, the mineralized
group, but not the sham and non-mineralized group,
showed BMP2 expression, a protein commonly involved
during osteogenesis (Fig. S2C, D).

TRAPstaining was performed to examine the presence of
osteoclast-like cells within the neo-bone tissue (Fig. 4C, D
and Supplementary Fig. S2E, F). TRAP-positive cells were
detected in both the defects treated with mineralized and
non-mineralized cryogels at 2 weeks postimplantation
(Supplementary Fig. S2E, F). Following 8 weeks of treat-
ment, an increase in TRAP-positive cells was observed in
defects treated with mineralized cryogels, but none was
detected for groups treated with non-mineralized cryogels
(Fig. 4C). No TRAP-positive cells were observed for sham
groups at both 2 and 8 weeks postprocedure. Quantification
of TRAP staining at 8 weeks posttreatment corroborated

FIG. 3. Morphological assess-
ment of bone formation within
critical-sized cranial defects.
H&E staining of cranial sections
following 8 weeks of implantation.
High magnification images reveal
bone tissue within the defect site
(lower left panels) and at the in-
terface between the defect site and
native bone (lower right panels). A
yellow dotted line was used to de-
lineate the location of the interface
between the neo-tissue/implant and
native bone. Yellow asterisks de-
note bone tissue. Scale bars:
500 mm (upper panel) and 20 mm
(lower panels). H&E, hematoxylin
and eosin. Color images available
online at www.liebertpub.com/tea
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aforementioned observations (Fig. 4D). To further con-
firm the presence of osteoclasts, receptor activator of
nuclear factor kB (RANK) expression, a marker of osteo-
clasts,25 was positive in the mineralized, but not sham and
non-mineralized groups after 2 weeks postimplantation
(Fig. 4E, F).

Vascularization of implanted grafts

As evident from Supplementary Figure S1, the H&E
staining of the tissue sections following 2 weeks of im-
plantation showed vascular connections throughout the
implant and at the defect interface with the native bone,
suggesting formation of anastomosed vessels with the host.
The formation of vasculature was further confirmed by
staining for PECAM-1 (Fig. 5 and Supplementary Fig. S3).
Groups treated with mineralized and non-mineralized
macroporous matrices revealed the presence of PECAM-1-
positive cells within the defect at 2 and 8 weeks post-
implantation. In contrast, tissue sections of sham groups
showed no evidence of vascularization throughout the de-
fect site.

Discussion

In this study, we evaluated the potential of macroporous,
mineralized biomaterials to stimulate bone healing in the
absence of exogenous biologicals by using a critical-sized
cranial defect as a model system. Results from our stud-
ies show that mineralized macroporous matrices promoted
hard tissue formation that led to complete healing of the
cranial defect by 8 weeks postimplantation. Histological
analysis of the defects revealed extensive host cell infiltra-
tion within both non-mineralized and mineralized cryogels.
This suggests that cell infiltration is a consequence of the
macroporous nature of the scaffolds, which supported ho-
mogeneous distribution of the host cells throughout the
implant. The mCT analyses along with the osteocalcin
staining suggest that despite the widespread cell infiltration,
only cells within the mineralized materials contributed to
the formation of bone-forming cells and hard tissue forma-
tion, highlighting the importance of the mineral environ-
ment in promoting osteogenic differentiation of recruited
cells, and to bone tissue formation. These in vivo findings
are consistent with our in vitro findings, where we have

FIG. 4. Bone-specific markers in newly formed tissue within cranial defects. (A) Immunohistochemical staining of
osteocalcin for sham (S), non-mineralized (NM), and mineralized (M) groups and (B) mean histogram intensity of images
following 8 weeks of implantation. Lower intensity values correspond to higher expression. (C) Histochemical staining for
TRAP and (D) percent positive area of the cranial defect site for sham (S), non-mineralized (NM), and mineralized (M)
treatment groups following 8 weeks of implantation. Arrow indicates TRAP-positive cells found within the constructs. (E)
Histochemical staining for RANK and (F) percent positive area of the cranial defect site for sham (S), non-mineralized
(NM), and mineralized (M) treatment groups following 8 weeks of implantation. Scale bars: 30 mm. Asterisks denote
p values with statistical significance (*p < 0.05, ***p < 0.001). RANK, receptor activator of nuclear factor kB; TRAP,
tartrate-resistant acid phosphatase; u.d, undetectable. Color images available online at www.liebertpub.com/tea
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demonstrated the importance of CaP minerals in directing
osteogenic differentiation of stem cells.12–15 We have also
showed previously that these mineralized scaffolds when
implanted in the subcutaneous space of a rat, recruited en-
dogenous cells to form bone tissue.17

The physicochemical properties of the mineralized scaf-
fold play a key role in supporting osteogenic differentiation
of progenitor cells and bone tissue formation. For instance,
previous studies have shown that the dissolution properties
of calcium phosphate minerals could contribute to the os-
teoinductive ability of biomaterials. Higher osteoinductive
potential was observed with scaffolds containing resorbable
biphasic calcium phosphate and b-TCP compared to hy-
droxyapatite.26–28 Recently, we have shown that the CaP
minerals present in the mineralized materials readily dis-
sociate into Ca2+ and PO4

3- ions and modulate their con-
centration in the extracellular milieu.13,29 Both extracellular
Ca2+ and PO4

3- play a key role in promoting osteogenic
differentiation of stem cells.13,30–34 In addition, the disso-
lution and precipitation of CaP minerals facilitate seques-
tration of angiogenic and osteoinductive growth factors,
which further contribute to bone tissue formation.35

Combined and coordinated action of osteoblasts and os-
teoclasts is essential to maintain bone homeostasis. It is
therefore necessary that engineered bone grafts provide a
permissive environment for bone remodeling to take place.
Although TRAP-positive cells were observed in defects
treated with both mineralized and non-mineralized cryogels
after 2 weeks treatment, their presence at 8 weeks was ob-

served only in groups treated with mineralized cryogels.
TRAP-positive cells detected in the non-mineralized groups
at 2 weeks suggest that monocytic/osteoclast precursors
possibly migrated from the surrounding bone36 and contrib-
uted to TRAP positivity in the grafts, while the non-calcified
environment lacking osteoblasts and their secreted factors
does not support their continued activity at 8 weeks.37,38 In
addition to neo-bone tissue formation, successful healing of
bone defects requires vascularization and anastomosis of the
implant with the host tissue.39,40 Our results demonstrate that
the macroporous architecture of our scaffold facilitated the
infiltration of host cells as well as vascularization of the
implant. Prior studies have also shown the influence of bone-
residing osteoblasts in angiogenesis by secreting vascular
endothelial growth factor A.41,42

In summary, as the need to develop simple treatment
strategies that are reliable and cost-effective has become
increasingly important, the studies described here demon-
strate that mineralized macroporous biomaterials alone are
sufficient to promote the formation of functional bone tissue
and achieve complete healing of bone defects. While the
macroporous structure of the scaffold enabled infiltration of
host cells, the osteogenic differentiation of recruited cells
and maintenance of osteoblasts required the presence of
mineral environment. The newly formed tissue, although
appears to be immature at 8 weeks postimplantation time,
recapitulated many key characteristics of native bone tissue
such as presence of bone-forming osteoblasts and TRAP-
expressing osteoclasts, as well as vascular networks. Such

FIG. 5. Vascularization of
mineralized constructs. Immuno-
fluorescent staining for platelet
endothelial cell adhesion molecule
(CD31) and Hoechst 33342 stain-
ing of cell nuclei within the defect
site for sham, non-mineralized,
and mineralized treatment groups
following 8 weeks of implanta-
tion. Scale bars: 100mm. Color
images available online at www
.liebertpub.com/tea
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approaches involving synthetic biomaterials that not only
support bone formation but also facilitate vascularization
solely by recruitment of host progenitors, without the need of
exogenous donor cells and growth factors provide an attrac-
tive alternative to current therapeutic strategies involving
osteoinductive growth factors and bone tissue derivatives.

Conclusions

Studies described in this work demonstrate the ability of
mineralized, macroporous biomaterials to direct bone healing
of critical-sized cranial defects. By providing a bone-specific
mineral environment, these biomaterials induce osteogenic
commitment of recruited host progenitor cells and support the
maintenance of cells relevant for the formation and function
of bone tissues, including vascularization of the implant
during repair. Development and optimization of biomaterials
to harness the regeneration potential of host tissue by acti-
vating endogenous cells to treat critical bone defects provide a
step forward in advancing tissue engineering-based approaches
for the treatment of critical bone defects. Such biomaterial-
based strategies provide an effective and easy-to-implement
alternative for bone tissue regenerative therapy.
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