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Localization of RIHB (retinoic acid-induced heparin-binding
factor) transcript and protein during early chicken
embryogenesis and in the developing wing
DELPHINE DUPREZ, JEAN-CLAUDE JEANNY and MARC VIGNY'
Unite INSERM 118, Unite de Recherchffs Gerontofogiques, Paris, France
ABSTRACT
Previously, we isolated an avian protein which we named retinoic acid induced heparin
binding factor IRIHB). RIHB is a 121 amino acid secreted polypeptide. rich in basic and cysteine residues
IVignyet al.,Eur.J. Biochem. 186:733-740,19891. Northern blot analysis indicates that the RIHBgene
is transiently expressed during embryogenesis (Urias et al.. Biochem. Biophys. Res.Com. 175:617 ~624.
1991). Here we present an investigation of RIHBexpression during early chicken embryogenesis by in
situ hybridization
and immunofluorescence
studies. In the 3-day embryo (stage 20-21). the RIHB
transcript is observed throughout
the embryo, with the notable exception of the neural tube. At this
stage the protein can be visualized in almost all of the basement membranes and around many types
of cells. The localization of the RIHB protein does not strictly parallel that of its messenger.
Between
days 3 and 11 we focused our attention on wing development.
The level of both the mRNA and protein
decreases during this period but the disappearance
is not uniform. The transcript becomes progressively
restricted to epithelia and regions surrounding the forming cartilage. In contrast to the transcript, the
protein accumulates
in the epithelial basement membrane and, interestingly, in the central part ofthe
embryonic cartilage (diaphysis) but not in the distal parts (epiphysisl. These data are discussed in
relation to the putative role{s) of RIHB in development.
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Retinoids, which are derivatives of vitamin A (retinol), are
involved in diverse processes of development and appear to be key
modulators of embryonic differentiation and development. For
example, retinoic acid (RA) is strongly implicated in limb
morphogenesis, since local application to the chick wing results in
alterations in limb pattern formation such as mirror image duplication (Tickleet al., 1982). Although some controversy persists, (Noji
et al.. 1991) the data support a role for RA in limb patterning. The
identification of retinoic acid receptors (RARsand RXRs) (Petkovich
et al..1987; Benbrook et al..1988; Krust et al., 1989; lelent et al..
1989; Mangelsdorf et a1..1991; Leid et a1..1992). which belong to
the superfamily of nuclear receptors and act as ligand-inducible
transcription enhancing factors, has greatly advanced the understanding of how retinoids may control many aspects of embryonic
development (Tabin. 1991; Mendelsohn et a1.. 1992 and references therein).
We have previously purified to homogeneity a heparin-binding
protein from chicken embryos which appears, at least in the
embryonic eye, to be mainly localized within basement membranes
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(Vigny et al., 1989). Since synthesis of this protein is controlled by
retinoic acid in certain cellular systems, it was designated Nretinoic
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or RIHB (Raulais

et al.. 1991).

A

cDNA clone was isolated (Urias et a1.. 1991) and the deduced
sequence predicts that RIHB contains 121 amino-acids and is very
rich in basic amino acids and cysteine residues. Northern blot
analysis of RNA extracted from whole embryos indicates that the
level of RNA expression is high during early embryonic development
(days 2-4) then decreases, and is barely detectable at day 14
(Duprez et al., 1991; Urios et a1.. 1991). Thus. RIHB is a marker of
early embryonic development and is controlled by RA.
RIHB belongs to a new family of heparin binding proteins which
have interesting patterns of expression during development. The
MK (midgestation-kidney)
gene was identified by the differential
hybridization technique. A cDNA clone was isolated, corresponding
to an RNA which is transiently expressed in the early differentiation
stage of embryonic carcinoma HM1 cells induced by retinoic acid
(Kadomatsu et al., 1988). High expression of the MK gene occurs
during the midgestation period of mouse embryogenesis. Furthermore, the amino acid sequence of RIHB shows 65% homology with
that of MK. These data suggest that MK is the mammalian
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Fig. 1. RIHB mRNA expression in a 3-day (stage 20-211 chick embryo, RIHB antisense probe was hybrtdized to a sagittal section of a 3-day embryo
IA). Several photos of dark field photomicrograph were combined to show the whole embryo. The bright field photomicrograph 181represents the same
section stained with hematoxylin. The exposure time was 10 days. d, amnios: aI, a/famoid: da, dorsal aorra; di, diencephalon: dr. digestive tract, e,
ectoderm; h, heart; me, mesencephalon n, notochord: nt, neural tube; P. pulmonary bud; s, samires; le, telencephalon. Scale bar, 600 ,urn.

of RIHB. but this point remains to be demonstrated
definitively. The second member of the family, which we will refer to
in this paper as heparin-binding-growth-associated
molecule, HBGAM
(Merenmies and Rauvala, 1990), has received several names,
reflecting the diverse laboratories where this molecule was identi.
fied (listed in Bohlen and Kovesdi, 1991). HBGAM shows 50%
sequence homology with MK and RIHB and is expressed later in
development than these molecules. For example. it is primarily
expressed during the perinatal period of rat development in the
brain and muscle. The HBGAM gene is activated in cultured
teratocarcinoma
ceHs undergoing
RA induced differentiation
counterpart

(Kretschmer

et al.,

1991).

The

biological

properties

of these

proteins are still poorly understood. Embryonic neurons and PC12
cells extend neurites when grown in cultured dishes coated with
HBGAM (Rauvala, 1989; Bohlen et al., 1991), MK (Muramatsu and
Muramatsu,
1991) or RIHB (Raulais et al., 1991). Given the large
amounts of lysine residues present in these proteins, this observed
effect on neurite outgrowth could be analogous to a polylysine
effect. MK and HBGAM have also been suggested to be mitogenic
but contradictory results have been reported. Possible explanations
for these discrepancies
may include a contamination
of MK/
HBGAM samples with FGF-like or other mitogenic substances (for a
review see Kovesdi and Bohlen, 1991). However, it has recently
been reported that recombinant HBGAM (Fang et al., 1992) and
recombinant MK (Nurcombe et al., 1992) produced by transfection
of mammalian cells are mitogenic. Whatever the case, the transient
expression of MK and HBGAM and their inducibility by retinoic acid
in vitro strongly suggest that they playa role in embryonic development. Knowledge of the expression pattern of these proteins and
their mRNA in developing tissues would contribute to our under-

standing of the roles of these molecules. The localization of the
HBGAM transcript has been analyzed in the developing and adult rat
tissues (Vanderwinden et al., 1992). The precise localization of the
MKgene expression has been analyzed during mouse embryogenesis
by in situ hybridization (Kadomatsu et al,.1990), but no information
is available concerning the MK protein localization.
In this report we describe at stages 20-21 of chick embryonic
development
both the RIHB gene expression (mRNA) analyzed by in
situ hybridization and the localization of the RIHB protein analyzed
by indirect immunofluorescence
studies using specific monoclonal
antibodies. At later stages, i.e. between day 6 and day 15 of
embryonic development, wefocus our attention on the development
of the wing. since RA is involved in limb morphogenesis.
The
expression of both the RIHB mRNA and protein in developing
cartilage was analyzed in detail, because the spatio-temporal
pattern of expression of the messenger and of the protein were
different in this tissue. We also compared the pattern of expression
of RIHB found in the diaphyseal
region of the forming cartilage
between days 6 and 11 with those of type II and type X collagen. The
data are discussed in relation to the putative role(s) of RIHB in
cartilage differentiation and development.

Results
Distribution of the RIHB transcript and protein In 3-day.old chick
embryos

We analyzed by in situ hybridization the distribution of the RIHB
transcript

in 3-day-old embryos (stage 20-21). (Rgs.1, 2). Using the
probe it appeared that the RIHB mRNA was strongly
expressed throughout
the embryo (Figs. lA, 2A). However, the

antisense
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Fig. 2. RIHB mRNA expression
in a 3-day (stage 20-21) chick embryo.
RIHB antisense
probe was hybridized taa transverse
section at the wing level
of a 3-day embryo (A), The bright field photomicrograph represents the same section stained wirh hematoxylin (BI. Higher magnification (3~fold) of the
wing hybridized with the antisense probe IC) and with the sense probe (D). The exposure time was 10 days. e, ectoderm; m. mesonephros
tubules and
ducts; n, notochord: nt, neural tube; w, wing bud. Scale bars, 200 J1m.

expression was not uniform among the different embryonic tissues.
The ectoderm,

limb mesenchyme.

chord, pulmonary bud. digestive
tract, the mesonephros ducts and tubules and the amnios exhibited
a stronger accumulation of the messenger than other tissues. It is
also noteworthy that the presence of the mRNA was barely detectable in the neural tube, whereas it was clearly present in the
telencephalon,
diencephalon and mesencephalon.
The Rathke's
pocket is also stained but the epiphysis is not. Using the sense
RIHB probe as a control, few silver grains were detected (Fig. 2D).
We analyzed
the distribution
of the RIHB protein
by
immunofluorescence
using monoclonal antibodies (Fig. 3). Specific
pOlyclonal antibodies to RIHB gave identical results (data not
shown). Like the mRNA, the protein was also widely distributed (Fig.
3A). As previously demonstrated in the embryonic eye (Vigny et al..
1989), the protein was present in many basement membranes of
the 3-day-old embryo. For example, the basement membranes
located beneath the ectoderm and surrounding the notochord, the
dorsal aorta and the mesonephros tubules and ducts are clearly and
uniformly stained. The case of the neural tube basement membrane
is also worth pointing out, because RIHB was more concentrated in
the dorsal part of this structure. Besides the localization in the
basement membranes, an intense pericellular staining can be

visualized around many cell types. This staining is particularly
obvious around the cells of the limb mesenchyme.
Molecular
cloning ofRIHB indicated the presence ofa signal peptide sequence
typical of secreted proteins (Urios et al., 1991). Thus. RIHB is
secreted and appears to be associated to the plasma membranes
of cells or to the basement membranes.
RIHB clearly accumulates in the basement membrane surrounding the notochord, suggesting that the protein is synthesized,
secreted and then concentrated in the basement membrane. The
same process probably occurs in the basement membrane surrounding mesonephros tubules and ducts and in the basement
membrane underlying the ectoderm. The protein was also only
weakly detected in the neural tube, which is in agreement with the
in situ hybridization data. Howeverthe dorsal part of the neural tube
is richer in RIHB than the ventral part, as pointed out for the
basement membrane surrounding this structure. The use of negative hybridoma supernatant revealed no fluorescence (Fig. 3B).
RIHB expression becomes restricted during wing morphogenesis
We focused on wing development for three reasons. First, we
detected a high level of expression of RIHB mRNA and protein in the
wing bud at day 3 (Figs. 1,2,3). Second, retinoids are known to be
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(Fig. 4). RIHB mRNA was still strongly expressed in the epidermis
but was barely detectable
in many areas of the mesenchymalj
muscular tissues.
It was highly concentrated
in the mesenchymal
region surrounding the forming cartilage. The localization of cartilage-specific proteoglycan was revealed by staining with alcian blue
(Fig. 4D). Hybridization with the RIHB probe appeared to be greater
in the distal parts (the future epiphyseal regions) of the developing
ulna and digit III than in the central part (future diaphyseal region).
At this stage there is no perichondrium
in the epiphyseal region and
the chondrocytes
merge with the surrounding mesenchyme
(Rooney
et al., 1984). In the 8-day-old embryonic wing (Fig. 5)the expression
was more clearly restricted to the regions listed above. The
messenger still accumulated in the epidermis and in the epiphyseal
region of the developing cartilage (Fig. 5A). Furthermore, in the
diaphyseal regions of the scapula, humerus, ulna, digit III and digit
IV, the messenger appeared concentrated in the perichondrium
surrounding this region. At day 11 expression could still be visualized in the epidermis but it was much less intense than that
observed at day 8, and the presence of the RIHB transcript was not
detected elsewhere in the wing (data not shown). At day 15 no
transcript could be detected by in situ hybridization inthe epidermis.
In order to quantify the RIHB mRNA content of the wing during its
morphogenesis we analyzed RIHB gene expression by Northern Blot
analysis (Fig. 6). The RIHB transcript was abundant in 3-day-old
embryonic wing and progressively decreased until day 11. Atday 14
almost no transcript was observed in the wing (data not shown).
We also attempted to quantify the expression of the messenger
detected by in situ hybridization in the different tissues at different
ages. This study was done by counting the number of silver grains
per cell, the background being determined on the same tissues
from the sense hybridization experiments. The study was performed
for the epidermis at days 3, 6, 8 and 11; and for the presumptive
ulna at day 3 or for the ulna (perichondrium and core) at days 6, 8
and 11 (Fig. 7). The data obtained were consistent with those
described above; the expression diminishes progressively during
development. Furthermore, at days 6,8 and 11, the expression of
the messenger in the epidermis was very high compared to the
expression in the perichondrium and in the cartilage core; this latter
being close to the background. This point is important when
considering the different localization of the protein and the messenger (see below and discussion).

Fig. 3. Indirect immunofluorescence
staining
of transverse
sections
at
the wing level from 3 day (stage
20-21 J chick embryo,
labeled wirh
monoe/onal antibody against RIHB and FITC-conJugated rabbit anti mouse
;...globulin (AI, and labeled with a monoclonal antibody which does not
cr05sreact with RIHB (8). The aurofluorescence
of blood cells is a nonspecific
signal. CV, cardinal veins: da, dorsal aorta; e, ectoderm: m, mesonephros
tubules and ducts; n, notochord; nt, neural tube; w, wing bud. Scale bars,
200}1m

involved in limb development (for a review see Tabin, 1991). Third,
RAmodulates the morphology of chondrocytes (Solursh and Meier,
1973) and affects the expression of genes in chondrocytes in vitro
(Horton and Hassel, 1986; Pacifici et al., 1991).

Distribution of the RIHB transcript
The localization of the RIHB transcript in the 3-day-0Idlimb bud
can be seen in Fig. 2C. The transcript was uniformly distributed
throughout mesenchyme and ectoderm, with a higher expression in
the ectoderm. At day 6, the expression in the wing is more restricted

The localization of the protein is different from that of the mRNA in
embryonic cartilage
The expression of the transcript during wing development led us
to investigate that of the protein in the developing cartilage. We will
concentrate on the ulna (see below) after drawing attention to
several noteworthy aspects of the expression of RIHB in the
epidermis and in the mesenchyme/premuscular
tissue during wing
development.
The distribution of the RIHB protein in the 3-day-old embryonic
wing bud, as evaluated by staining with specific antibodies, was
almost uniform (Fig. 3A). As previously indicated, RIHB was present
in the basement membrane underlying the epidermis and concentrated around the mesenchymal cells of the wing. At day 6 the
protein was still accumulated in the basement membrane (Fig. 8)
although the staining around the mesenchymaljmuscularcells
was
greatly reduced but always above the background. Thus, we consider that RIHB was still present at a low level around mesenchymal
cells. At day 8 no RIHB could be detected in the mesenchyme (Fig.
9). The progressive disappearance of the protein from the surface

Eml,,)'o/l;c express;oll ofRIHB
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Fig. 4. In situ hybridization
of RIHB mANA in the wing bud atday
6 (stage 281. RIHB antisense (A) and sense (81 probes were hvbridizedto
longitudinal
sections of wing bud at day 6 Bright field photomicrographs
represent the antisense section stained with hematoxylin (C) and the adjacent secrion stained
wirh alcian blue (D), dill, digit III core; e. epidermis; s, scapula; u, ulna core. Scale bar, 600).lm.

of the mesenchymal cells occurred between days 3 and 6, and was
complete at day 8. At this age RIHB was always present in the
epidermal basement membrane butthe immunofluorescence staining was reduced compared to that observed
at day 6 (Fig. 9A
compared to Fig. 8A). RIHB was present in this structure until day
13-14 (data not shown); again a progressive disappearance of RIHB
was observed but occurring later than in the mesenchyme. In
addition, between days 13-14 the protein was still detectable in the
basement membrane whereas the transcript had almost completely disappeared from the epidermal cells.
Thefluorescence observed in the cartilage of the 6-daychick ulna
is worthy of comment (Fig. 8A). For all immunohistochemical
analyses, cartilage sections were predigested with hyaluronidase
to remove cartilage proteoglycans (Von der Mark, 1980; Schmid
and Linsenmayer, 1985). In the absence of this treatment the
staining was much less intense, suggesting that some of the RIHB
epitopes were masked or trapped in the cartilaginous matrix. At this
stage the ulna can be divided into three zones. In the epiphyseal
region the cells are rounded and actively dividing. The rounded cells
progressively flatten to constitute the intermediate flattened zone.
In the central
diaphyseal
region the cells undergo
hypertrophy
characterized by a massive matrix secretion (Fell, 1925; Rooney et

al., 1984). The RIHB protein was strongly accumulated in the matrix
surrounding the chondrocytes in the region of the future diaphysis
and reduced in the future epiphyseal region where the cells are
rounded. The perichondrium is also stained. Thus, at this age there
is a gradient of RIHB from the central part to the distal parts of the
ulna. In comparison, type II collagen, a marker of the cartilage matrix
(Fig 8B), was uniformly distributed in the cartilage, as has been
previously described (Von Der Mark et al., 1976a,b). Thus, the
distributions of collagen II and RIHB were different. In conclusion,
at day 6 the protein is found in the perichondrium and inside the
cartilage matrix, whereas the transcript
is observed primarily
around the ulna core.
At day 8 the patterns of expression of RIHB and type II collagen
were similar to those obtained at day 6 (Fig. 9). The gradient of RIHB
is perhaps slightly more pronounced but the protein is still present
in the epiphyseal region. In addition, the perichondrium
was
positively stained with the RIHB antibody and not with the type II
collagen antibodies. No type X collagen could be visualized at this
stage (data not shown), confirming previous reports (Capasso et al.,
1984; Schmid and Linsenmayer,
1985). At day 11, type II collagen
is expressed almost uniformly all along the ulna (data not shown).
The distribution of RIHB is illustrated in Fig. lOA. The intensity ofthe
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Fig. 5./n situ hybridization

of RIHB mRNA in the wing at day 8 (stage 34.351. RIHB antisense
IAI and sense IBI probes were hybndized to longitudinal
of wing at day 8. Bright field photomicrographs
represent
the antisense
section stained wIth hematoxylin
ICI and the adjacent section stained
with afcian blue (DI. dill. digit 111..dlV. digit IV; e, epidermis; h, humerus; r. radius epiphysis; s, scapula: u. ulna. Sea!e bar, 600 J..Im

sections

staining in the diaphyseal region is not diminished but the protein
is now completely absent from the epiphysis. Thus, RIHB was
restricted to the region of the flattened and hypertrophic chondrocytes

Discussion

and still present in large amounts.
In contrast.
the level of the
messenger
in the cartilage and surrounding tissues detected by in
situ hybridization and Northern Blot analysis was greatly reduced at
this stage (Figs, 6,7). As previously
described
(Schmid
and
Linsenmayer.
1985), type X collagen was expressed
in the central
part of the cartilage corresponding
to the region of the diaphysis
containing hypertrophic chondrocytes
(Fig. lOB). Comparison of the
staining patterns of type X collagen. RIHB and collagen type II is
interesting.
Type X collagen was found in the central part of the
bone. RIHB extended from this region, and type II collagen was
found throughout the ulna. Thus. during cartilage growth RIHB
progressively disappears from the epiphysis but is always present
in the zone of flattened cells and strongly accumulated in the central
diaphyseal
region.
At day 13, the fluorescence
obtained with the specific RIHB
antibodies is greatly diminished compared with that obtained with
type II and X collagen antibodies
(data not shown). At day 15. no
RIHB staining could be observed in the different parts of the forming
bone (data not shown).

The pattern of RIHB gene expression in the early chicken embryo
(stage 20-21) was examined in the present investigation. Extensive
expression of the transcript was observed throughout the embryo
except in the neural tube, where hybridization was less intense. The
RIHB gene appears to be transiently expressed in almost all cell
lineages. This distribution is reminiscent of that previously described for the MK gene during the midgestation period of the
mouse (Kadomatsu et al.. 1990). In particular, the sites where the
RIHB messenger was more intensively expressed in the chick
embryo (day 3) are similar to those observed for the MK gene in the
11-<1ay-old mouse embryo. In addition to the evidence described in
the introduction, these data support the hypothesis that MK is the
mammalian counterpart of RIHB. Furthermore. these areas include
the regions where secondary embryonic induction is prominent
(Gilbert, 1988). Examples of the best studies of secondary induction are those involving the interactions of epithelial sheets with
adjacent
mesenchymal
cells. These are called
epitheliomesenchymal
interactions.
Regions where this mechanism
is
thought to operate are cutaneous structures, the limb, the lung and

Early embryo
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Fig. 6. Northern blot analysis of the RIHB transcript expression in the
whole wing during embryonic
development.
Tracks contain 10/.19 of
total RNA isolated from 4-day wing bud (a), 6-day wing bud !bJ. 8-day wing
{el. 11-day wing fdl. The frlter was hybridized with 32P-labe/ed RIHB cDNA
(780 bp). Size of transcrrpts is indicated in kilobases.
Exposure
time was
24 h.

the kidney. The epithelial component is separated from the
mesenchyme by the basement membrane. The fact that RIHB is
transiently present in the basement membrane of these tissues
during the critical phases of secondary induction suggests that the
RIHB plays a fundamental role in the differentiation of a wide variety
of cell types.
Like the transcript, the RIHB pOlypeptide was widely distributed
among the embryonic tissues. We previously analyzed in detail the
localization of RIHB during ocular development. In the eye the
protein appeared mainly associated with the multiple basement
membranes present in this organ (Vigny et al., 1989). The staining
pattern in the whole 3-day-old embryo indicates that RIHB is present
in almost all the basement membranes and also around many cell
types at this stage. We previously demonstrated that RIHB, as a
heparin binding protein, could interact with the heparan sulfate
proteoglycan present within the basement membranes (Vigny et al.,
1989). This proteoglycan is presently called perlecan (Noonan et
al.. 1991). It is tempting to suggest that RIHB also interacts with
heparan sulfate proteoglycans such as syndecans present on the
plasma membrane (Saunders et al., 1989). When the limb bud is
just apparent, syndecan 1 is detected on cells throughout the limb
region including both ectodermal and mesenchymal components.
Thus, at this stage syndecan 1 codistributes
with RIHB. Later
syndecan 1 decreases in the precartilage condensation (Solursh et
al., 1990), whereas syndecan 3 appears in the chondrogenic core
(Gould et al.. 1992). The affinity of RIHBfor different members of
this growing family of heparan sulfate proteoglycans could be
informative of the biological activity of this protein. The example of
the notochord (see Results) indicated that some cells may be
devoid of heparan sulfate proteoglycans or other binding sites on
their surface. If this is the case, the secreted RIHB may accumulate
into the basement membrane surrounding this structure. The same
process could be valid for all basement membranes, including the
epidermal basement membrane. Thus, basement membranes
could act as a reservoir for RIHB, as has been proposed for basic
fibroblast growth factor (bFGF) (Vlodavsky et al.. 1987).
Limb morphogenesis
and cartilage formation
Limb formation has been extensively studied in the chick. The
apical ectodermal ridge (AER) is responsible for the sustained
outgrowth and development of the limb (Saunders, 1948). As cells
leave the progress zone (PZ), they have their proximal-distal values
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specified
and differentiate
into cartilage
(Saunders,
1948:
Summerbell et al., 1973). In contrast, the zone of polarizing activity
(ZPA) organizes the antero-posterior axis of the developing limb and
releases a morphogen (Tickle et al., 1975), which could be transretinoic acid (Tickle et al., 1982, 1985: Thaller and Eichele, 1987).
RIHB (mRNA and protein) expression was uniform in the limb at day
3. Thus, there is no straight forward relationship between the
expression of RIHB and the control of the antero-posterior
and
proximo-distal axis during the formation of the limb.
During limb formation the expression of the RIHB transcript
became progressively more restricted. RIHB mRNA disappeared
from the mesenchymal/muscular
tissues at day 6-8 and was
expressed only in the epithelium and around the forming cartilage.
The messenger could still be visualized in the epidermis until day
13. It should be noted that the RIHB protein localization did not
follow this time course, since it could be visualized in the basement
membrane underneath the epidermis until day 15. Thus, there is a
delay of several days between the attenuation of the synthesis of
the protein (detected by the presence of the transcript) and the
disappearance of the protein stored (and protected) in the basement membranes.
The mode of expression of the RIHB gene during cartilage
formation is worth noting. At day 6, the transcript was primarily
visualized in the future epiphyseal region, i.e. the region where the
cartilage
cells merge with surrounding
mesenchyme.
The
chondroblasts
are derived from a mesenchymal precursor, and
cartilage differentiation
involves a quantitative increase in matrix
synthesis, and a qualitative change in the pattern of gene expression (Vertel and Dorfman, 1978; Von Der Mark, 1980; Hayashi et
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Fig. 7. Quantification
of the level of expression
of RIHB mRNA in the
developing
wing using image analysis
after in situ hybridization.
Following 10 day exposure, silver grains were counted over the ectoderm
(-':.1-) at 3, 6,8 and 11 days, over the presumptive region of ulna at 3 days
) and perichordium
(
) at 6, 8 and 11
and over the ulna core (
days. Ouantification of the sense signal, i.e. the background, is represented
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Fig. 8. Serial longitudinal sections of developing ulna at day 6 (stage
28) stained with anti-RfHB monoclonal antibody (AI. stained with anti
collagen type IIpolyclonal antibodyIS). bm. epidermal basement membrane:
f, flattened chondrocytes; h, hypertrophic diaphyseal chondrocytes; p,
perichondrium; T,rounded epiphyseal chondrocytes. Scale bar:200 ,urn.

al., 1986;

Kosher

et al.. 1986).

Thus,

the differentiation

of the

chondrocytes

was concomitant with the synthesis of RIHB mRNA.
In contrast, the expression of the transcript in the center of the
forming cartilage (diaphysis) was weak, whereas the protein was
strongly accumulated in the matrix surrounding the chondrocytes in
this area. Thus the localizations of the messenger and of the protein
were very different. One can ask: what is the origin and the half-life
of the protein in the diaphyseal cartilage matrix? We cannot exclude
that the chondrocytes located in this area synthesize their own RIHB
but our data indicated a very low level of transcript in this region.
Thus, it is tempting to suggest that the protein is synthesized and
secreted in the future epiphyseal region, and then accumulated in
the diaphyseal region. In situ hybridization data support this
interpretation. In the epiphyseal region the messenger is strongly
expressed at day 6, reduced at day 8 and absent at day 11 in the
ulna. This time course of RIHB mRNA expression is probably the
cause of the gradient of the protein found in the ulna at days 6, 8
and 11. Thus at day 11 the RIHB concentrated in the center of the
diaphyseal region would have been synthesized several days
before. This hypothesis implies, of course, a long half-life of the
protein in the cartilage matrix.
RIHB disappears around day 13 and therefore it is not involved
in the transition process of the cartilage into bone or in the bone
formation. It is interesting to note that HBGAM, also called OSFlfor
osteoblast specificfactor{Tesuka
et al.,1990) has been suggested
as playing a fundamental role in bone formation. As pointed out in

the introduction, HBGAM/OSFl is expressed later in development.
Thus, it would be interesting to anatyzethe expression of the second
member of this family during bone formation because it could play
a role in this process similar to RIHB in cartilage formation. In
addition, the growth of the mature cartilaginous growth plate is
roughly similar to that of embryonic cartilage in that it has separate
zones of proliferation and cartilage hypertrophy. No RIHB has been
detected in the mature cartilaginous growth plate.
What is the biological role of RIHB in the diaphyseal region
(regions of flattened and hypertrophic cells)? The strong accumulation of RIHB in the diaphyseal region could reflect the role played by
this protein in cell differentiation
processes occurring in this
specific area. In the diaphyseal region, the differentiation
of
chondrocytes into hypertrophic chondrocytes is characterized by
the production of type X collagen (Schmid and Linsenmayer, 1983,
1985). The cartilage at this region will go on to be replaced by bone
tissue. The wave of cell hypertrophy that progresses from the
diaphysis towards the epiphysis implies a gradient of unknown
factors with the high point in the center (Wolpert and Stein, 1984).
Thus, hypertrophy begins at the center and proceeds in both
direction to the epiphysis down the gradient(s). The graded distribution of RIHB before the onset of the hypertrophy process strongly
suggests that this protein may be linked to this differentiation
process.
However, a second putative role for RIHB can be suggested. The
cell division occurring in the epiphysis probably requires the presence of mitogenic growth factors such as FGFs. It has been clearly
established that basic FGF is a potent mitogen for chondrocytes in
vitro (Kato and Gospodarowicz, 1984) and promotes cartilage
repair in vivo (Cuevas et al.. 1988). Other heparin binding growth
factors such transforming growth factor B (TGFB) and the related
bone morphogenetic proteins (BMP) are also involved in cartilage
growth and differentiation (see Hill and Logan, 1992 for a review).
It is now established that cell surface heparin-like molecules are
necessary for the binding of basic FGF to its high affinity tyrosine
kinase receptors (Yayon et al., 1991). Taking into account the large
amount of RIHB present in the central part of the cartilage, one can
propose that FGFs and/or other heparin binding growth factors
could not bind to the heparan sulfate chains blocked by RIHB. Thus
RIHB could also act as a competitor of heparin binding growth
factors for their s~alled
low affinity binding sites, thus inhibiting
their biological activities. Some support for this notion comes from
reports showing that recombinant bacterial MK protein prevents
infection by herpes simplex virus by competing at the heparan
sulfate sites on syndecans which serve as the cellular receptors for
the proteins of the viral envelope (Ostrander et al.. 1992).
In conclusion, the expression of RIHB during embryonic development appears to be linked to cell differentiation
processes. In
addition, it could modulate the biological activities of heparin
binding growth factors. These two putative, and probably linked,
roles of RIHB are currently under investigation in the cartilage and
also in other differentiating
tissues where RIHB is transiently
expressed.

Materials and Methods
Probe preparation
A RIHB cDNA clone of 754 bp was subcloned
in Bluescript.
This cDNA
clone contains
the complete
coding region (426 bp) and the 3' untranslated
region. The plasmid
template
was linearized
with BamH I (to generate
Antisense
probe)
and with Kpn (sense
probe).
Antisense
and sense
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Fig. 9. Serial longitudinal
sections
of
developing ulna atday 8 (stages34-351 stained
with anti-R/HB monoclonal antibody IA). and
stained wlrh anti collagen rype II polyclonal
antibody
(B).
bOl,
epidermal basement
membrane;
t, flattened
chondrocytes;
h,
hypertrophic diaphyseal chondrocytes; p, perichondrium; r, rounded epiphyseal chondrocytes.
Scale bar, 200 mOl.

Fig. 10. Serial longitudinal sections of the
developing ulna at day 11 (stage 371 stained
with anti-RIHB monoclonal antibody IAI. and
stained with anti collagen type X pofyelonal
antibody
181. bm. epidermal
basement
membrane:
t, flattened
ehondrocytes:
h.
hypertrophic diaphyseal chondrocytes: p, perichondrium: r, rounded epiphyseal chondroeytes.
Scale bars. 200 pm.

transcripts

were synthesized by incubation of 1 j..tg of the appropriate
linearized template DNA at 37°C for 1 h in Tris-HCI pH 7.5 containing 10 mM
dithiothreitol.
0.4 mM ATP. GTP. CTP and 0.02 mM [a_35S] UTP 800 Ci/
mmole (Amersham), 1 unit/~I RNAse Guard (BRL) and 1 unit/Ill T7 (to
generate the probe Sense) orT3 (forthe Antisense probe) RNA polymerases
(BRL). Templates were digested by incubation with 0.1 unit/ml DNAse RQ1.
RNAse-free. (Promega) at 37°C for 30 min. The probes were reduced in size

(200 bp) by alkaline hydrolysis and were incubated with 0.06 M Na2C03 and
0.04 M NaHC03 containing 10 mM dithiothreitol at 60°C for 30 min. Labeled
probes were concentrated

by ethanol precipitation,

In situ hybridization
The method used for hybridization was a modification of that described
by Cox et al. (1984) and Simmons et al. (1989).
Tissue preparation and pretreatment
Chick embryos or tissues were removed at different stages according to
Hamburger and Hamilton (1951). They were mounted unfixed in tissue-Tek
OCT medium (Miles laboratories), rapidly frozen in liQuid nitrogen, and
sectioned
at -20°C. Ten micron thick sections
were fixed in 4%
paraformaldehyde
for 30 min and washed twice for 3 Olin in fresh PBS.
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Prehybridizationtreatment

of tissue sections was done by immersing the
slides in 0.01% Triton X-lOO for1.5 min, then washing (2 times, 3 min) in
PBS and incubating for 7.5 min with predigested proteinase K at final
concentration of 1 jlgjml in 50 mM Tris-HCI pH 7.4. 5 mM EOTA, then
washing with PBS containing 2 rng/ml glyCine (twice. 3 min). Sections were
immersed
in 0.1 M triethanolamine
(pH 8) for 5 min and incubated
in a
freshly prepared mixture ofO.25% anhydrous acetic acid inthe triethanolamine
buffer for 10 min. The slides were washed twice in 2X sse for 5 min each.
dehydrated in 50%.70%, 95% ethanol for 5 min each and air dried under
RNAse free conditions.

denatured and sonicated salmon sperm DNA, Hybridization was performed
at 42°C for 16 h in the same solution containing chicken RIHB cDNA probe
(106 cpm/ml of [a.p32] labeled by random priming). This probe contains the
complete RIHS coding sequence and the 3' untranslated region. The final
most stringent post.hybridization wash was for 30 min at 65°C in 0.1 XSSC,
0.1% (w/v) 50S. Transcript sizes were estimated by reference to the 18S
and 285 ribosomal
(BRL).

RNAs and by standard RNA sizes of 0.155 kb to 1. 77 kb

Quantification of the expression

level of RIHB mRNA detected

by in situ

hybridization
Hybridization
[a.35S) labeled probe (5.5x1Q8cpm/~.

0.1 ngllll) was applied to each

section in 20 III of hybridization buffer (750 mM NaCl, 25 mM Pipes pH 6.8,
25 mM EDTA) containing 50% Formamide,
0.2% SDS, 5% Dextran Sulfate,
lX Denhardt's
mixture, 100 mM DTT, 250 Wml denatured
and sonicated
salmon sperm DNA and 250 }.tgjml polyadenylic acid.
Sections were covered with a siliconed coverslip and incubated for 1622 h in a humidified chamber at 42"C.

Washes
Coverslips were floated off in 4X SSC and excess of probe was removed
by three 15 min washes in 4X SS , one 30 mine wash in 10 mM Tris-HCI(pH
8) containing 20 }.tgjml RNAse A (Sigma). 0.5 M NaCI and 1 mM EDTA,two
5 min washes in 2X SSC, and one 30 min wash in O.OlX SSC at 60°C. The
sections were dehydrated by passages through 70%, 95% and 100% (VfV)
ethanol containing 0.3 M ammonium acetate then air dried.
Detection
The slides were dipped in Ilford K5 emulsion diluted 1/1 with water, After
exposure at 4°C for 10 days, the slides were developed in Kodak 0.19 and
fixed in Hypam Uford Rx, Sections were stained with hematoxylin, dehydrated and mounted.
Immunofluorescence
studies
Chicken organs were removed at embryonic stages according to Hamburger and Hamilton (1951). They were fixed with 4% paraformaldehyde
for
2 h. The tissues were mounted in Tissue-Tek OCT medium (Miles Laboratories), rapidly frolen in liquid nitrogen and 10 11m-thick sections were cut at
-20"C with cryostat Sright OTF/AS (DIS, D'Hondt Instruments
Scientifiques).
Cartilaginous
tissue sections were incubated with 5% milk, 0.2% Triton
X-l00 in PSS for 30 min. Sections
were incubated
for 1 h at room
temperature 1) with monoclonal antibodies against RIHS (Vignyet al., 1989
and unpublished
results) or 2)with hybridoma supernatant
negative for RIHB
or 3) with rabbit antisera against chick type X collagen diluted 1/50, or 4)
with a rabbit antisera against chick type II collagen (previously absorbed on
oEAE.Trisacryl column) diluted in PSS to 90 ~/mt.
Antibodies to collagen
type II and X were a kind gift from Dr. Hartman (Institut Pasteur,
Lyon).
Following three extensive washes with 1% milk in PBS and three washes in
PSS, the sections
were incubated
with fluorescein-isothiocyanate-Iabeled
rabbit anti-mouse
IgG or sheep anti-fabbit IgG (Silenus) diluted 1/200
in
PSS. After six washes with 1% milk in PSS, they were mounted
in 50%
glycerol in PSS, After day 6, i.e. stage 28, the cartilaginous
sections were
pretreated with 1 mgjml of sheep testis hyaluronidase (type III; Sigma
Chemical) in PSS for 30 min at 37°C. Photographs
were taken with a Leitz
Aristoplan microscope
on HP5 film (liford).

An estimation of silver grain density over the cells in ectoderm or
epidermis, presumptive ulna region and ulna at 3. 6, 8 and 11 days was
performed using a Biocom 200 Image Analyser (Biocom, Les Ulis, France).
The analysis system consisted of a camera linked to a Leitz Aristoplan
microscope and monitors. Data were fed directly into a computer
system.
The ensemble was controlled by a series of Imagenia R. software. After
adjusting the image of the monitor, image focusing and image treatment, the
computer automatically
analyzed the labeling intensity and surfaces on the
different structures.
Images

were acquired

Acknowledgments
This work was supported
thank

Laurent

an 1% agarose MOPS.formaldehyde gel (10 J.1&per track) and blotted onto
Hybond N nylon membrane
(Amersham).
Sample quality and quantity were
checked by optic density at 260 nm and 280 nm measuring.
by ethidium
bromide staining and by hybridization of the membrane with probes for chick
b actin transcript
(not shown).
The membrane
was pre hybridized at 42°C in a solution containing 50%
(w/v) formam ide, 5X SSC, 1X Denhardt's,
1% (w/v) SDS, 0.1 mg/ml

situ

hybridization

slides

by a Charge

Coupled

Jonet.

by grants (rom MRT, INSERM and AFM. We

Herve Coet

for

expert

technical

assistance,

Edith

Jacquemin for her advice in the in situ hybridization experiments and MariePaule Hartmann for scanning experiments. We acknowledge Daniel Raulais
and Amanda Cockshutt for critical reading of this manuscripr. This work
would not have been possible without the constant support of Dr. Yves
Courtois.

References
BENBROOK, D., LERNHARD, E. and PFAHL, M. (1988). A new retinoic
identified from hepatocellular
carcinoma. Nature 333: 669-672.

acid receptor

BOHLEN, P., MULLER, 1., GAUTSCHI-SOVA, P., ALBRECHT, P.U.. RASOOL. G.G.,
DEKER, M.. SEDDON, A.. FAFEUR, A.. KOVESDI, 1. and KRETSHMER, P.J. (1991).
Isolation from bovine brain and structural characterisation
of HBNF, a heparin
binding neurotrophic factor. Growth Factors 4: 97-108.

BOHLEN,P. and KOVESDI,I. (1991). HBNFand MK members of a novel gene family
of heparin binding proteins. Prog. Growth Factor Res. 3: 143-157.
CAPASSO,D., TAJANA, G. and CANCEDDA, R. (1984). Location of 64Kcol1agen
chondrocytes

RNA isolation and Northern blotting
Total RNAwas isolated from whole chick wing at different stages (3. 6.
8 and 11 days) by extraction with guanidium thiocyanate and cesium
chloride gradient purification (Glifsin et al., 1974). RNAs were separated on

on in

Device (CCO) camera. The slides were examined under oil-immersion light
microscopy with transmitted light and a SOx lens. The analogic video images
were digitized in the computer in 100 grey levels (expressed from 0 to 255)
and converted by segmentation to the number of grains. For a given stage
and a studied structure, 15 to 20 fields of 920 j.tm2chosen at random were
analyzed on 2 to 4 serial sections, The average number of grains per field
was evaluated. The average number of grains was then calculated per cell
on the basis of the presence of x cells per field. For each stage, the
background was estimated by the grain density over the same surface area
of each tissue hybridized with the sense riboprobe. This method of
quantification does not provide absolute values of the number of grains,
since the power resolution of the analyzer is not sufficient to discriminate
between clustered silver grains.

in developing

chicken embryo tibiae.

poducer
Mol. Cell. Bioi. 4: 1163-1168.

COX, K.H.. DElEON,

D.V., ANERER, l.M. and ANGERER, R.C. (1984).
mRNAs in sea urchin embryos by in situ h}'hridization uSing asymmetric
Dev. Bioi. 101: 485-502.

Detection of
RNA probes.

CUEVAS,
P., BURGOS,
J. and BAIRD, A. (1988). Basic fibroblast growth factor (FGF)
promotes cartilage repair in vivo. Biochem. Biophys. Res. Commun. 156:611-618.
DUPREZ, D., GUETTET, C.. URIOS, P., RAULAIS, D. and VIGNY, M. (1991). Une nouvelle
famille de proteines presentant une forte afflnite pour I'heparine et regulees par
I'acide retinoique. C.R. Soc. Bioi. 185: 520-526.
FANG, W., HARTMAN,
N., CHOW,
O.T.. RIEGEL,
A.T. and WEllLSTEIN,
Pleiotrophin
stimulates
fibroblasts
and endothelial
and epithelial
expressed in human cancer. J. Bioi. Chem. 36: 25889.25897.

A. (1992).
cells and is

Em/nyol/;" express;ol/ o/RlfiB
FELL, H.B. (1925). The histogenesis
of cartilage and bone In the long bones
embryonic fowl. 1. Morpho!. Physlo!. 40: 417-459.
GILBERT, S.F. (Ed.) (1988).
Proximate tissue interactions:
secondary
Developmental
Biology 2nd ed. Sinauer Associates,
Inc. Sunderland,
setts, pp. 554.587.
GUFSIN. V.. CRKVENJAKOV, R. and BYUS. C. (1974).
Ribonucleic
cesium chloride centrifugation.
Biochemistry
12: 2633-2637.

of

induction.
In
Massachu-

acid isolated

by

GOULD, S.E.. UPHOLT, W.B. and KOSHER,
R.A. (1992). Syndecan 3: a member of the
syndecan family of membrane--intercalated
proteoglycans
that is expressed
in high
amounts at the onset of chicken 11mb cartilage differentiation.
Proc. Nat/. Acad. Sci.
USA 89: 3271-3275.
HAMBURGER. V. and HAMILTON. H.L (1951).
A senes
of normal
development
of the chick embryo. 1. Morpho!. 88: 49-52.

stages

in the

HAYASHI, M.. NINOMIYA. Y., PARSONS. S.. HAYASHI, K., OLSEN, B.R. andTRELSTAD,
R.L. (1986).
Differential
localization
of mRNA of collagen types I and II in chick
fibroblasts.
chondrocytes,
and corneal cells by in SItu hybridization
using cDNA
probes. J. Cell BIoi. 102: 2302.2309.
HILL. D.J. and LOGAN. A. (1992).
chondrogenesis.
Prog. Growth

Peptide

growth factors

and their interactions

during

Factor Res. 4: 4~8.

KADOMATSU. K., HUANG. R.P.. SUGtl.NUMtI., T., MURtl.TA. F. and MURAMtl.TSU, 1.
(1990). A retinoic aCid responsive
gene MK found in the teratocarcinoma
system
in spatially
and temporally
embryogenesis. ). Cell BiOi. 110: 607-616.

controlled

manner

during

mouse

KADOMATSU,
sequencing
embryonal

K., TOMOMURA, M. and MURAMATSU, T. (1988).
cDNA cloning and
of a ne
gene intensely e)!.pressed in earry differentiation
stages of
carcinoma
cells and in mid-gestation
period of mouse embryogenesis.
Biochem. Blophys. Res. Commun. 151:1312-1318.

KATO, Y. and GOSPODAROWICZ,D. (1984J. Growth requirements of low-density rabbit
costal chondrocyte
cultures
maintained
in serum-free
medium. J. Cell. Physiol.
120: 354-363.
KOSHER, R.A., KULYK, W.M. and GAY, S.W. (1986). Collagen gene expression
limb cartilage differentiation. J. Cell Bioi. 102: 1151-1156.

KRETSCHMER, PJ"

during

FAIRHURST, J.L" DECKER, M.M" CHAN. C.P., GLUZMAN, Y.,

BOHLEN, P. and KOVESDI.I. (1991). Cloning, characterisation
and developmental
regulation of t o members of a novel human gene family of neurite outgrowthpromoting proteins.
Grol+th Factors 5: 99-114.

KRUST, A..KASTNER, P., PETKOVICH, M., ZElENT, tI..and CHAMBON,P.(1989), A third
human retinoic acid receptor, hRAR-gamma. Proc. Natl. Acad. Sci. USA. 86: 53105314.
LEID, M.. KASTNER, P., LYONS,
NAKSHATRI, H., SAUNDERS. M., ZACHAREWSKI,
R"
1., CHEN, J.Y.. STAUB. A.. GARNIER, J.M.. MADER, S. and CHAr-.mON, P. (1992).
Purification, cloning, and RXR identity of the HeLa cell factor with hich RARor TR
heterodimerizes
to bmd target sequences efficiently. Cell 68: 377-395.
MANGELSDQRF, D.J, UMESONO, K., KLIEWER, SA. BORGMEYER.U.. ONG,E.S. and
EVANS, R.M. (1991). A direct repeat in the cellu!ar retinol.bindlng protein type II
gene confers differential regulation by RXR and RAR. Ce1/66: 555.561.
MENDELSOHN. C.. RUBERTE. E. and CHAM BON, P. (1992).
vertebrate limb development.
Dev. Bioi. 152: 50-61.

Retinoid

receptors

in

MERENMIES.J. and RAUVALA,H. (1990). Molecular cloning of the 18.kDa growth
associated protein of developing brain. J. Bioi. Chem. 265: 16721-16724.
MURAMATSU,H. and MURAMATSU.T.(1991).

Purification of recombinant midkine and
examination
of its biological activities: functional comparison
of new heparin
binding factors. B/ochem. Bioph;s. Res. Commun. 177: 652-658.

NOJI, S., NOHNO, T.. KOYAMA, E., MUTO, K., OHYAMA, K., AOKI, Y.. TAMURA, K..
OHSUGI, K., IDE, H., TANIGUCHI, S. and SAITO. T. (1991).

Retinoic

acid induces

polarizing activity but is unlikely to be a morphogen in the chick limb bud. Nature
350: 83-86.
NOONAN. D.M.. FULLE. A.. VALENTE, P., CAI, S., HORIGAN, S..
Y. and HASSElL. J.R. (1991). The complete seQuence of
membrane heparan sulfate proteoglycan, reveals edensive
a chain, low denSIty lipoprotein-receptor,
and the neural cell
Bioi. Chern. 266:22939-22947.

SASAKI. M., YAMAMA,
perlecan, a basement
similarity with laminin
adhesion molecule. J.

NURCOMBE. V.. FRASER, N., HERlAAR, E. and HEATH, J.K. (1992). MK a pluripotential
embryonic stem-cell-derived
neuroregulatory
factor. Development
116:11751183.
OSTRANDER,

M., FlNGtl.R,

H., SEDDON,

A., BOHLEN,

actiVIty of human recombinant heparin-binding
Biophys. Rf!s. Commun. 189: 1189.1195.

PACIFlCI, M., GOLDEN. E.B.. IWAMOTO, M. and ADAMS S.L (1991).
Retinoic acid
treatment induces type X collagen gene expresSion in cultured chick chondrocytes.
E:r.p. Cell Res. 195: 38-46.
PETKOVICH. M.. BRAND, NJ.. KRUST. A. and CHAM BON, P. (1987). A human retinoic
acid receptor which belongs to the famity of nuclear receptors. Nature 330: 444450.
RAULAIS, D., LAGENTE-CHEVALlIER, D., GUETTET,
DUPREZ, 0.. COURTOIS. Y. and
C"
VIGNY, M. (1991). A new heparin-binding protein
regulated by retinoic acid from
chick embryos. Biochem. Biophys. Res. Commun. 175: 708-715.
RAUVALA, H. (1989). An 18 Kd heparin binding protein of developing brain that is
distinct from fibroblast growth factor. EMBO). 8: 2933-2941.
ROONEY, P.. ARCHER, C. and WOLPERT, L (1984). Morphogenesis
of cartilaginous
long bone rudiments.
In The Role of Extracellular
Matrix in Developmenf
(Ed. R.
Trelstad). Alan R. Liss Inc., New York, pp. 305-322.

SAUNDERS.J.W., Jr. (1948). The proximo-dlstal sequence of origin of the parts of the
chick wing and the role of the ectoderm. J. Exp. Zool. 108: 363-404.
SAUNDERS,S., JALKANEN,M.. O'FARREL S. and BERNFIELD,M. (1989). Molecular
cloning of syndecan. an integral membrane proteoglycan. 1. Cel/Brol. 108: 1547.
1556.

HORTON, W. and HASSEL. JH. (1986).
Independence
of cell shape and loss of
cartilage matrix production during retinolC acid treatment
of cultured chondrocytes.
Dev. Bioi. 115: 392-397.

is expressed

379

P.and BAKER, J.(1992}.Anti-viral
protein HBNF and MK. Biochem,

SCHMID, T.M. and lINSENMAYER, T.F. (1983). A short chain (pro)collagen from aged
endochondral
9504.9509.

chondrocytes.

Biochemical

characterisation.

SCHMID, LM. and lINSENMAYER, 1.F. (1985).
collagen In the embryonic chick tibio-tarsus.

J. Bioi. Chem.

Developmental
acquisition
Dev. Bioi. 107: 373-381.

258.-

of type X

SIMMONS, M.D., ARRIZA, J.L. and SWANSON. L.W. (1989). A complete protocol for in
situ hybridization
of messenger
RNAs in brain and other tissues
ith radio-labeled
single--stranded
RNA probes. J. Histotecnnology
12: 169-1B1.

SOLURSH,M. and MEIER, S. (1973). The selective inhibition of mucopolysaccharide
synthesis by vitamin A treatment of cultured chick embryo chondrocytes. Calcif.
Tissue

Res.

13: 131-142.

SOLURSH, M.. REITER, R.S., JENSEN, K.L" KATD. M. and BERN FIELD. M. (1990).
Transient expression of a cell surface heparan sulfate proteogl)1:an (Syndecan)
during limb development.
Dev. Bioi. 140: 83-92.
SUMMERBElL,
D.. LEWIS, J.H. and WOLPERT, L. (1973).
chick limb morphogenesis.
Nature 244: 492-496.

Positional

TABIN. C.J (1991). Retinoids. homeoboxes, and growth factors:
models for limb development.
Ce1/66: 199-217.

information

toward

in

molecular

TESUKA, K.I., TAKESHITA, S.. HAKEDA, Y., KUMEGAWA, M., KIKUNO, R. and Htl.SHIMOTOGOTOH, 1. (1990). Isolation of mouse and human cDNAclones encoding a protein
e)!.pressed specifically
in osteoblasts
and brain tissues.
Biochem.
Biophys. Res.
Commun. 173: 246-251.
THALLER, C. and EJCHELE, G. (1987).ldentitication
in the developing
chick limb bud. Nature 327:

and spatial
625-628.

distribution

TICKLE. C., ALBERTS. B., WOLPERT,l. and LEE. J. (1982). Local application
acid to the limb bud mimics the action of the polarizing region. Nature
566.

ofretinoids
of retinoic
296: 564-

TICKLE,C., LEE,J. and EICHELE,G. (1985). A quantitative analysis of the effect of all.
trans.retinolc acid on the pattern of chick wing development. Dev. Bioi. 109: 82.
95.
TICKLE. C.. SUMMER8ELL, D. and WOLPERT, l. (1975). POSitional signalling
specification
of digits in chick limb morphogenesis.
Nature 254: 199-202.

and

URIOS, P.. DUPREZ,
LE CAER, JP., COURTOIS, Y., VIGNY, M. and LAURENT, M.
D"
(1991). Molecular cloning of RI-HB a heparin-binding
protein regulated
by retinoic

acid. Biochem. Biophys. Res. Commun.175:617-624.
VANDERWINDEN, J.M., MAILLEUX. P., SCHIFFMANN. S.N. andVANDERHAEGHEN, C.R.
(1992). Cellular distribution of the new growth factor pleiotrophln (HBGAM)
messenger
RNti. in the developing
and adult rat tissues.
Anat. Embryol. 186: 387402.
VERTEL, B.M. and DORFMAN. A. (1978). An immunohistochemical study of extracellular
matri)!. formation during chondrogenesis.
Dev. Bioi. 62: 1-12.
VIGNY. M., Rtl.ULAIS, D.. PUZENAT, N., DUPREZ. D., Htl.RTMANN. M.P., JEANNY, J.e.
and COURTOIS,Y. (1989). Identification of a new heparin-binding protein localized
within chick basement membranes. Eur. 1. B/ochem. 186: 733-740.

VLODAVSKY,I,FOLKMAN, J.. SULLIVAN, R., FRIFMAN, R.,ISHAI-MICHAElI,
SASSE,
R"
J. and KLAGSBRUN.M. (1987). Endothelial cell-derived basic fibroblast growth
factor: synthesis and deposition into subendothelial edracellular matrix.Proc. Naf/.
Acad.

$ci. USA. 84: 2292-2296.

YON DER MARK, K. (1980). Immunological
studies
on collagen
chondrogenesis. Curro Top. Oev. Bioi. 14: 199-224.

type

transition

in

380

D. DUl'rco ct al.

VON DER MARK, H.. VON DER MARK, K. and GAY, S. (1976a). Study of differential
collagen synthesis during development of the chick embryo by immunofluorescence.
Preparation of collagen type I and type II antibodies and their application to early
stages of the chick embryo.
VON

Dev. Bioi. 48: 237-249.

DER MARK, K., VON DER MARK, H. and GAY, S. (1976b). Study of differential
call agen synthesi s du ring developme nt of the chick embryo by immuno fl uorescence.
Localization of type I and type II collagen during long bone development. Dev. Bio/.
53: 153-170.

WOLPERT, l. and STEIN. W.O. (1984). Positional information and pattern formation. In
Pattern Formation (Eds. G. Malacinski and S,V. Bryant). MacMillan, New York, pp.
2-21.

YAYON, A., KLAGSBRUN,M., ESKO, J.D., LEDER, P. and ORNITZ. D.M. (1991). Cell
surface. heparin-like molecules are required for binding of basic fibroblast growth
factor to its high affinity receptor. Cell 64: 841-848.
ZELENT, A., KRUST, A., PETKOVICH, M., KASTNER, P. and CHAMBON, P. (1989).
Cloning of murine alpha and beta retinoic acid receptors and a novel receptor
gamma predominantly expressed in skin. Nature 339: 714-717.

A.cajllfd for p"blicatjo/!: jllllf

1993

