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BASIC SCIENCES
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Aim. To study the effect of Dlx5 introduced by replication-competent avian splice-acceptor (RCAS) in mouse calvarial
and bone marrow stromal cells, and to demonstrate that RCAS vector can be a useful system for studying gene expres-
sion in mammalian cells derived from ß-AKE mouse.

Method. ß-AKE mouse used in experiments is a transgenic mouse line expressing the receptor for the Bryant polymer-
ase subgroup A of RCAS vector (RCAS-BP(A) vector). Primary calvarial osteoblast cultures were obtained from
7-day-old ß-AKE mice. Bone marrow stromal cells were derived from the long bones of 8-week-old ß-AKE mice. Ex-
pression of genes cloned into RCAS vector in mouse cells was first established by detecting green fluorescent protein
(GFP) in cells infected with RCAS-BP(A)-GFP sapphire by using fluorescence microscopy. Cells were then infected
with RCAS-BP(A)-Dlx5 or RCAS-BP(A) alone as a control, for three days. After differentiation, cells were harvested for
mRNA analysis at different time points (day 6 or 7, 11 or 12, 14 or 18, and 21 or 25). The cells were cultured in the pres-
ence of ascorbic acid and ß-glycerophosphate, which promotes osteoblastic differentiation.

Results. Mouse calvarial and bone marrow stromal cells infected with RCAS-BP(A)-GFP sapphire were fluorescent
compared with the controls. Both types of cells infected with RCAS-BP(A)Dlx5 consistently expressed increased levels
of bone differentiation markers – type 1 collagen (Col1�1), osteocalcin, and bone sialoprotein mRNA.

Conclusion. RCAS-BP(A) vector transduction of cells from ß-AKE mice is a useful system for studying the role of gene
expression in mouse osteoblastic cells. Dlx5 overexpression mediated by an RCAS-BP(A) vector stimulates mouse
osteoblastic differentiation in ß-AKE transgenic mice. Dlx5 induces osteoblast differentiation from bones formed either
by endochondral or by membranous ossification.
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Induction of ectopic expression in non-immortal-
ized primary osteoblastic cells is often important for a
complete understanding of protein function. Standard
transfection methods are usually not efficient enough
to induce protein expression in a high proportion of
cultured cells. Retroviral vectors can efficiently in-
duce stable protein expression in cultures of dividing
cells and are very suitable for gene therapeutic ap-
proaches based on permanent expression of thera-
peutic genes (1-3). There are two main types of retro-
viral vectors, replication-competent and replication-
defective. To achieve vector virus titers of 107 trans-
ducing particles per milliliter, replication-defective
vectors require highly efficient transfection of multi-
ple DNA constructs into a helper cell line, followed
by ultracentrifuge concentration (4). Alternatively,
multiple rounds of transfection and transduction of
helper cells have to be carried out, with selection and
evaluation of vector producer cells to identify clones
that produce high titers of the vector virus. In contrast,

replication-competent vectors require only transfecti-
on of fibroblasts and subculturing the cells 2-3 times
to routinely produce titers of 107 transducing parti-
cles per milliliter.

To date, one of the most valuable replication-
competent vectors are the replication-competent
avian splice (RCAS)-acceptor series (4). Originally,
the use of these vectors was restricted to avian spe-
cies, because the viral envelope coat protein, which is
necessary for cell attachment and internalization,
binds to a cell surface receptor protein restricted to
avian cells (4). Because of the availability of murine
osteoblastic cell culture systems, knockout and trans-
genic mice, and the large number of sequenced mo-
use genes, it would be advantageous to use the RCAS
system with murine cells. Thus, a ß-AKE transgenic
mouse line has been developed, with the gene for the
cell surface receptor for the subgroup A RCAS-RCAS-
BP(A) vector driven by the ß–actin promoter (5).
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There are several different proteins involved in
bone development. Dlx5 is a homeodomain protein
that binds to a site in the col1a1 promoter of the colla-
gen gene required for deposition of the bone matrix
and is of fundamental importance for osteoblast dif-
ferentiation (6). The vertebrate Dlx genes are related
to the distal-less gene, which is involved in limb de-
velopment in Drosophila and other invertebrates (7).
There are six to seven vertebrate Dlx genes, which are
expressed in overlapping, but significantly divergent,
protein domains in the craniofacial region and limbs
during development (8,9). Dlx5 and Dlx6 are ex-
pressed in almost every developing skeletal element,
including endochondral and membranous bone
(8-10). In the chick limb, Dlx5 is found in the devel-
oping cartilaginous skeletal elements and expressed
most strongly in the cells that will become the initial
bony collar surrounding the cartilage (11). Thus, the
expression pattern of Dlx5 is consistent with its stimu-
lative role in skeletal development. Dlx5 mRNA lev-
els increase during in vitro rat calvarial osteoblast dif-
ferentiation, although overexpression of Dlx5 in
17/2.8 rat osteosarcoma cells (17/2.8 ROS) inhibited
the expression of osteocalcin, a marker of differenti-
ated osteoblasts (12). Dlx5 is induced by bone
morphogenetic proteins in the immortalized osteo-
blastic cell line MC3T3-E1, and overexpression of the
protein stimulates expression of osteoblastic markers
in these cells (13). Mutation of murine Dlx5 by ho-
mologous recombination causes craniofacial and sen-
sory capsule skeletal defects (14,15). In addition,
calvarial ossification is delayed and diaphyseal corti-
cal bone less well organized in Dlx5 knockout mice
(15). A homeodomain protein-binding site within the
mouse bone sialoprotein promoter is important for
osteoblast-specific expression in transfected cell
lines. This site binds Dlx5 in gel shift analysis, and
Dlx5 stimulates bone sialoprotein promoter in co-
transfected ROS simian virus 40 (SV40)-transformed
cells of African green monkey kidney (16).

The goal of this study was to determine whether
RCAS system could be used to study the effect of a
gene expression on mouse osteoblast differentiation,
to investigate whether Dlx5 induces osteoblastic dif-
ferentiation in mouse cells like it was shown with
chick calvarial osteoblasts (6), and to determine
whether Dlx5 induces osteoblastic differentiation of
bone marrow stromal cells, which are multipotent
stem cells that can be induced to take part in the for-
mation of endochondral bone.

Material and Methods

Transgenic mouse line (ß-AKE) has the gene for the cell sur-
face receptor for RCAS-BP(A) vector driven by the ß–actin pro-
moter (5).

Construction of RCAS-BP(A) Retroviral Vectors

The RCAS vectors (RCAS-replication-competent avian sar-
coma-leukosis virus long terminal repeat with a splice acceptor)
are a family of retroviral vectors derived from the SR-A strain of
Rous sarcoma virus, a member of the avian sarcoma-leukosis vi-
rus family. RCAS-BP(A) is Bryant polymerase subgroup A of
RCAS vectors, produced by substituting the pol region from the
Bryant high-titer strain of Rous sarcoma virus into the RCAS virus.
It replicates better than RCAS (17).

The coding sequence of the green fluorescent protein (GFP)
or chicken Dlx5 was cloned into the ClaI site of the RCAS-BP(A)
helper independent retroviral vector. GFP sapphire dye (Packard
Instruments, Meriden, CT, USA) cloned into RCAS-BP(A) was
used to visualize expression of protein mediated by RCAS vectors
in mouse cells.

Control virus was RCAS-BP(A) vector without inserted
cDNA. Vectors were transfected into producer cells – chicken
embryonal fibroblasts, by using the calcium phosphate method
(18). Reverse transcriptase activity was determined in the pro-
ducer cell media as a measure of virus production (4). Condi-
tioned media with high reverse transcriptase activity were col-
lected and stored at -70 °C until use.

Primary Mouse Calvarial Osteoblast Culture

Calvaria were dissected from 7-day-old pups. Calvarial cells
were isolated by four sequential 15-minute digestions in an en-
zyme mixture containing 0.05% trypsin (Gibco BRL, Rockville,
MD, USA) and 0.1% collagenase P (Boehringer Mannheim, Indi-
anapolis, IN, USA) at 37 °C, on a rocking platform. Fractions 2-4
were collected, resuspended in media, and plated at 5�103/cm2

in 6-well culture plates (Costar, Cambridge, MA, USA) in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco BRL) con-
taining 10% fetal calf serum (FCS; Gibco BRL). After the cells
reached a confluent monolayer at day 7, �-MEM (Gibco BRL)
containing 10% FCS, 50 �g/mL ascorbic acid (Gibco BRL), and 5
mmol ß-glycerophosphate (Gibco BRL) was used to maintain the
cells for the duration of the experiment. Cells were harvested for
analysis at different time points: day 6 or 7, 12, 18, or 25.

Primary Mouse Marrow Stromal Culture

Mouse marrow stromal cells were obtained by flushing
bone marrow from long bones of 8-week-old mice. Cells were
plated at 10�106 cells/cm2 in 6-well culture plates (Costar) and
maintained in �-MEM containing 10% FCS, 50 �g/mL ascorbic
acid, 5 mmol ß-glycerophosphate, and 10-8 mol/L dexametha-
sone (all from Gibco BRL). Cells were harvested for analysis at
different time points: day 7, 11, 14, or 21.

Infection of Mouse Primary Osteoblast Cell Cultures

Mouse calvarial osteoblast cultures were infected for 3 days
with 500 �L of conditioned media containing RCAS-BP(A)-Dlx5
or RCAS-BP(A) as a control, beginning on the second day after
plating. The virus was added to 2 mL of fresh media in a 35-mm
dish (Costar). Mouse marrow stromal cells were infected for 3
days in a same way, beginning on day 5.

Northern Blot Analysis

Experiments were performed 10 times and mRNA extrac-
tion was performed at different time points, depending on cell
culture growth. RNA was isolated with TRI reagent (Molecular
Research Center, Inc, Cincinnati, OH, USA) by the method of
Chomczynski and Sacchi (19). Ten �g of total RNA was separated
on 1% agarose /1.1 mol/L formaldehyde gel and transferred to an
extra strength nylon membrane (Schleicher and Schuell, Keene,
NH, USA) by positive pressure. Membranes were hybridized
with a 32P-labeled probes for Dlx5 (20), bone sialoprotein (21),
and osteocalcin (22), which represented full length cDNA, and
Col1�1 (23). Hybridization was performed in 50% formamide
(Gibco BRL) and 6� standard saline phosphate with EDTA at 42
°C, then washed and exposed to X-ray film with an intensifying
screen at -70 °C. Filters were stripped and rehybridized to an 18S
RNA probe to assess RNA quantitation and standardization.

Results

Mouse calvarial osteoblasts and mouse bone
marrow stromal cells derived from transgenic ß-AKE
mouse were infected first with RCAS-BP(A)-GFP sap-
phire because we wanted to test if it was possible for
avian retrovirus to infect mouse cells. Approximately
50% of the cells were fluorescent in mouse calvarial
and marrow stromal cells (Figs. 1 and 2). These results
indicated that RCAS-BP(A) vector could infect cells
derived from ß-AKE mice with high efficiency.
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Next we used RCAS-BP(A)-Dlx5 to study the ef-
fect of Dlx5 on mouse osteoblast differentiation.
Northern blot hybridization of mRNA from mouse
calvarial cells with chick Dlx5 probe showed that
chick Dlx5 was expressed in mouse calvarial osteo-
blasts (Fig. 3).

Parallel cultures of mouse calvarial osteoblast
cells were infected with RCAS-BP(A)-Dlx5 or RCAS-
BP(A) alone as a control. Northern blot analysis of
mRNA extracted from mouse calvarial cells with Dlx5
overexpression showed increased levels of osteo-
calcin and bone sialoprotein bone markers in calvari-
al osteoblasts compared with control cells infected
with RCAS-BP(A) virus without Dlx5 (Fig. 4).

Northern blot analysis of mRNA from bone mar-
row stromal cells infected with RCAS-BP(A)-Dlx5
showed increased concentration of bone-specific
markers Col1�1 and osteocalcin mRNA compared
with control cells (Fig. 5).

These results implied that Dlx5 stimulated
mouse osteoblast differentiation.

Discussion

Overexpression of Dlx5 protein obtained with
an RCAS-BP(A) vector resulted in the stimulation of
osteoblastic differentiation in mouse calvarial osteo-
blast cultures and mouse bone marrow stromal cell
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Figure 1. RCAS-BP(A)-GFP sapphire expression in mouse
calvarial osteoblasts derived from ß-AKE mice. Fluorescent
images were taken through a GFP sapphire specific filter.
Digital images were taken with a Kodak DCS 420 camera.
For combined (fluorescence plus visible) images, the phase
contrast image was converted to grey scale in Adobe Photo-
shop, and the fluorescent image was merged with it. RCAS
– replication-competent avian splice-acceptor; BP(A) –
Bryant polymerase subgroup A of RCAS vectors; GFP –
green fluorescent protein.

Figure 2. RCAS-BP(A)-GFP sapphire expression in mouse
bone marrow stromal cells derived from ß-AKE mice. RCAS
– replication-competent avian splice-acceptor; BP(A) –
Bryant polymerase subgroup A of RCAS vectors; GFP -
green fluorescent protein.

Figure 3. Northern blot hybridization demonstrates expres-
sion of chick Dlx5 in mouse calvarial osteoblasts at days 7,
12, 18 and 25 of culture.

Figure 4. RCAS-BP(A)-Dlx5 infection of mouse calvarial os-
teoblasts (mCOB) stimulates bone sialoprotein (BSP) and
osteocalcin (OC) synthesis. Cultures were harvested on
days 6, 12, 18 and 25 after plating. RCAS – replication-com-
petent avian splice-acceptor; BP(A) – Bryant polymerase
subgroup A of RCAS vectors; C – control cultures; D –
RCAS-BP(A)-Dlx5 infected cultures.



cultures. However, the magnitude of the effect was
less than that observed when the same vectors were
used in chick calvarial osteoblasts (6).

In previous studies, the role of Dlx5 in osteo-
blastic differentiation was assessed by using a primary
chick calvarial osteoblast culture system. In chick cal-
varial osteoblast culture system, Dlx5 expression in-
creased simultaneously with the markers of osteoblas-
tic differentiation, whereas Dlx5 overexpression stim-
ulated osteoblastic differentiation (6). In addition,
Dlx5-induced osteoblastic differentiation of cultures
enriched in periosteal cells, which do not undergo
osteoblastic differentiation under the usual conditions
used in our experiments if Dlx5 is not added (6).

The differentiation of preosteoblasts to mature
osteoblasts is a complex, multistage process whose
control at the transcriptional level is not very well un-
derstood. The recent observations that Cbfa1 and
osterix are required for bone development are signifi-
cant discoveries (24). However, it may also be ex-
pected that other transcription factors are involved in
regulating this process (25).

Previous data from our laboratory and others
have shown that a homeodomain protein binding site
in the Col1�1 promoter is necessary for high-level ex-
pression of the gene in differentiated osteoblasts of
transgenic mice (26). However, this site is less impor-
tant in tendon or periosteal fibroblasts (26,27). Since
high-level expression of the Col1a1 gene is required
for the deposition of bone matrix, proteins that regu-
late its expression are of fundamental importance for
osteoblast differentiation.

In situ hybridization studies on mineralized tis-
sue have shown bone sialoprotein expression (28),
which is considered a bone differentiation marker as
important as osteocalcin (29). This was the reason
why we decided to evaluate the expression of those
two bone-specific markers to confirm positive effect

of Dlx5 on bone differentiation in mammalian cells
from our transgenic mouse.

The RCAS-BP(A) system combined with the ß-
AKE mouse line should be a convenient and useful
system for protein function studies in primary mouse
osteoblastic cell cultures.

Replication-competent vectors contain all the
genes necessary for viral replication within the vector
(4). In contrast, replication-defective vectors do not
contain the genes coding for the viral proteins, thus
these proteins must be provided by a helper cell line
(4). Furthermore, to produce a large quantity of a
retroviral vector with a high concentration of infec-
tious particles requires less time and effort for replica-
tion-competent vectors than for producing replica-
tion-defective vectors by standard methods (4). As
ß-AKE transgenic mouse line expresses the receptor
for RCAS-BP(A) vectors driven by the chicken ß-actin
promoter, most cell types from this mouse can be
transduced with these vectors (5). However, the
transducibility of osteoblastic precursors has not been
evaluated. Our study showed that mouse calvarial os-
teoblasts and mouse bone marrow stromal cells from
ß-AKE mice could be infected with RCAS-BP(A) virus
vectors, although the expression was not as high as
that observed in chicken cells.

In conclusion, our results showed that RCAS-
BP(A) vector transduction of cells from ß-AKE mice
was a useful system for studying the role of proteins in
mouse osteoblast differentiation. We also confirmed
and extended our previous studies by using mamma-
lian cells, with Dlx5 overexpression mediated by an
RCAS-BP(A) vector, which stimulates osteoblastic dif-
ferentiation in osteoblasts derived from bones formed
either by membranous or by endochondral ossifica-
tion.

Acknowledgment

We thank Dr. Stephen Hughes for providing RCAS-BP(A)
and ß-AKE mice and his valuable advice for their use. We ac-
knowledge support from NIH grants AR29983 (to ACL) and
AR38933 (to ACL and DWR).

References

1 Mohr L, Geissler M. Gene therapy: new developments
[in German]. Schweiz Rundsch Med Prax 2002;91:
2227-35.

2 Gough PJ, Raines EW. Gene therapy of apolipoprotein
E-deficient mice using a novel macrophage-specific
retroviral vector. Blood 2003;101:485-91.

3 Murakami Y, Akahoshi T, Kawai S, Inoue M, Kitasato H.
Antiinflammatory effect of retrovirally transfected inter-
leukin-10 on monosodium urate monohydrate crystal-
induced acute inflammation in murine air pouches. Ar-
thritis Rheum 2002;46:2504-13.

4 Petropoulos CJ, Hughes SH. Replication-competent
retrovirus vectors for the transfer and expression of
gene cassettes in avian cells. J Virol 1991;65:3728-37.

5 Federspiel MJ, Swing DA, Eagleson B, Reid SW,
Hughes SH. Expression of transduced genes in mice
generated by infecting blastocysts with avian leukosis
virus-based retroviral vectors. Proc Natl Acad Sci USA
1996;93:4931-6.

410

Erceg et al: Dlx5 in Mouse Osteoblast Differentiation Croat Med J 2003;44:407-411

Figure 5. RCAS-BP(A)-Dlx5 infection of mouse bone mar-
row stromal cells (mMSC) stimulates Col1a1 and osteo-
calcin (OC) synthesis. Cultures were harvested on days 7,
11, 14 and 21 after plating. The Col1a1 signal is overex-
posed. RCAS – replication-competent avian splice-accep-
tor; BP(A) – Bryant polymerase subgroup A of RCAS vec-
tors; Ctrl – control cultures; cDlx5 – RCAS-BP(A)-Dlx5 in-
fected cultures.



6 Tadiæ T, Dodig M, Erceg I, Marijanoviæ I, Mina M,
Kalajziæ Z, et al. Overexpression of Dlx5 in chicken
calvarial cells accelerates osteoblastic differentiation. J
Bone Miner Res 2002;17:1008-14.

7 Panganiban G, Irvine SM, Lowe C, Roehl H, Corley LS,
Sherbon B, et al. The origin and evolution of animal ap-
pendages. Proc Natl Acad Sci U S A 1997;94:5162-6.

8 Simeone A, Acampora D, Pannese M, D’Esposito M,
Stornaiuolo A, Gulisano M, et al. Cloning and charac-
terization of two members of the vertebrate Dlx gene
family. Proc Natl Acad Sci U S A 1994;91:2250-4.

9 Chen X, Li X, Wang W, Lufkin T. Dlx5 and Dlx6: an
evolutionary conserved pair of murine homeobox
genes expressed in the embryonic skeleton. Ann N Y
Acad Sci 1996;785:38-47.

10 Zhao GQ, Zhao S, Zhou X, Eberspaecher H, Solursh M,
de Crombrugghe B. rDlx, a novel distal-less-like homeo-
protein is expressed in developing cartilages and dis-
crete neuronal tissues. Dev Biol 1994;164:37-51.

11 Ferrari D, Sumoy L, Gannon J, Sun H, Brown AM,
Upholt WB, et al. The expression pattern of the Distal-
less homeobox-containing gene Dlx-5 in the develop-
ing chick limb bud suggests its involvement in apical
ectodermal ridge activity, pattern formation, and carti-
lage differentiation. Mech Dev 1995;52:257-64.

12 Ryoo HM, Hoffmann HM, Beumer T, Frenkel B, Towler
DA, Stein GS, et al. Stage-specific expression of Dlx-5
during osteoblast differentiation: involvement in regu-
lation of osteocalcin gene expression. Mol Endocrinol
1997;11:1681-94.

13 Miyama K, Yamada G, Yamamoto TS, Takagi C,
Miyado K, Sakai M, et al. A BMP-inducible gene, dlx5,
regulates osteoblast differentiation and mesoderm in-
duction. Dev Biol 1999;208:123-33.

14 Depew MJ, Liu JK, Long JE, Presley R, Meneses JJ,
Pedersen RA, et al. Dlx5 regulates regional develop-
ment of the branchial arches and sensory capsules. De-
velopment 1999;126:3831-46.

15 Acampora D, Merlo GR, Paleari L, Zerega B, Posti-
glione MP, Mantero S, et al. Craniofacial, vestibular and
bone defects in mice lacking the Distal-less-related
gene Dlx5. Development 1999;126:3795-809.

16 Benson MD, Bargeon JL, Xiao G, Thomas PE, Kim A,
Cui Y, et al. Identification of a homeodomain binding
element in the bone sialoprotein gene promoter that is
required for its osteoblast-selective expression. J Biol
Chem 2000;275:13907-17.

17 Tadiæ T, Erceg I, Stover ML, Rowe DW, Lichtler AC.
Dlx5 induces expression of COL1A1 promoter con-
tained in a retrovirus vector. Croat Med J 2001;42:
436-9.

18 Chen CA, Okayama H. Calcium phosphate-mediated
gene transfer: a highly efficient transfection system for
stably transforming cells with plasmid DNA. Bio-
techniques 1988;6:632-8.

19 Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chlo-
roform extraction. Anal Biochem 1987;162:156-9.

20 Coelho CN, Sumoy L, Rodgers BJ, Davidson DR, Hill
RE, Upholt WB, et al. Expression of the chicken homeo-
box-containing gene GHox-8 during embryonic chick
limb development. Mech Dev 1991;34:143-54.

21 Young MF, Ibaraki K, Kerr JM, Lyu MS, Kozak CA.
Murine bone sialoprotein (BSP): cDNA cloning, mRNA
expression, and genetic mapping. Mamm Genome
1994;5:108-11.

22 Celeste AJ, Rosen V, Buecker JL, Kriz R, Wang EA,
Wozney JM. Isolation of the human gene for bone gla
protein utilizing mouse and rat cDNA clones. EMBO J
1986;5:1885-90.

23 Finer MH, Boedtker H, Doty P. Construction and char-
acterization of cDNA clones encoding the 5’ end of the
chicken pro alpha 1(I) collagen mRNA. Gene 1987;56:
71-8.

24 Nakashima K, Zhou X, Kunkel G, Zhang Z, Deng JM,
Behringer RR, et al. The novel zinc finger-containing
transcription factor osterix is required for osteoblast dif-
ferentiation and bone formation. Cell 2002;108:17-29.

25 Ducy P, Zhang R, Geoffroy V, Ridall AL, Karsenty G.
Osf2/Cbfa1: a transcriptional activator of osteoblast dif-
ferentiation. Cell 1997;89:747-54.

26 Bedalov A, Salvatori R, Dodig M, Kronenberg MS,
Kapural B, Bogdanoviæ Z, et al. Regulation of COL1A1
expression in type I collagen producing tissues: identifi-
cation of a 49 base pair region which is required for
transgene expression in bone of transgenic mice. J Bone
Miner Res 1995;10:1443-51.

27 Dodig M, Kronenberg MS, Bedalov A, Kream BE,
Gronowicz G, Clark SH, et al. Identification of a
TAAT-containing motif required for high level expres-
sion of the COL1A1 promoter in differentiated osteo-
blasts of transgenic mice. J Biol Chem 1996;271:
16422-9.

28 Chen JK, Shapiro HS, Wrana JL, Reimers S, Heersche
JN, Sodek J. Localization of bone sialoprotein (BSP) ex-
pression to sites of mineralized tissue formation in fetal
rat tissues by in situ hybridization. Matrix 1991;11:
133-43.

29 Neugebauer BM, Moore MA, Broess M, Gerstenfeld
LC, Hauschka PV. Characterization of structural se-
quences in the chicken osteocalcin gene: expression of
osteocalcin by maturing osteoblasts and by hypertro-
phic chondrocytes in vitro. J Bone Miner Res 1995;10:
157-63.

Received: March 3, 2003

Accepted: May 26, 2003

Correspondence to:

Ivana Erceg

Metalèeva 3

10000 Zagreb, Croatia

ivana.erceg@st.hinet.hr

411

Erceg et al: Dlx5 in Mouse Osteoblast Differentiation Croat Med J 2003;44:407-411


