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Abstract—The binding of all-rrans-retinoic acid {(all-trans RA) to specific cytosol proteins and the effects
of retinoids on procollagen synthesis were studied in chick-embryo tendon cells. For the receptor assay,
tendon cytosols were incubated with [*H]all-trans-RA in the presence or absence of 100-fold excess of
nonlabeled all-trans-RA up to 20 hr at +4° and unbound retinoid was removed by charcoal-dextran
treatment or by gel filtration chromatography. The results indicated that chick-embryo tendon cells
contained cellular retinoic acid binding protein (CRABP). The binding of [*H]all-trans-RA could be
displaced by 13-cis-retinoic acid, but not by retinol or etretinate. In contrast no CRABP could be found
in cartilage cells isolated from sterna or in whole sterna. The treatment of tendon cytosol with proteases
(pronase, trypsin, chymotrypsin) abolished the specific binding of [*H]all-trans-RA. Gel filtration studies
on Sephadex G-100 indicated an apparent molecular weight of 14,500-15,000 daltons for the all-trans-
retinoic acid binding protein.

All-rrans-RA markedly decreased procollagen synthesis in isolated chick-embryo tendon cells, the
inhibition being concentration dependent; the decrease was about 58% of the control in the presence
of 107° M all-trans-RA. Similar decrease was noted with 13-cis-RA and etretinate, while retinol was less
effective. In isolated cartilage cells the dose of 107° M of all-trans-retinoic acid decreased drastically
total protein and collagen synthesis. The mannosylation of procollagen, the conversion of procoliagen
to collagen and the size of procollagen chains were not significantly affected.

The results of the present study indicate that CRABP is not expressed in sterna of chick-embryos,
and in contrast high levels of CRABP could be found in tendons. However, retinoids modulated collagen
synthesis in both tissues. Thus it is possible that retinoids can affect the metabolism of different collagen
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types also in clinical use.

Synthetic retinoids, such as all-frans-retinoic acid
(RA)*, 13-cis-RA, and etretinate (RO-10-9359)
have gained considerable use in dermatology for
treatment of various hyperproliferative epidermal
disorders {2, 3]. These compounds modulate several
aspects of the metabolism of epidermal cells, and it
has been suggested that these effects are mediated
largely through binding of the retinoids to specific
cellular binding proteins {4, 5]. In support of this
suggestion are demonstrations that epidermal cells,
as well as cells from other tissues, contain a cellular
retinoic acid binding protein (CRABP), which binds
with all-trans-RA and 13-cis-RA [6, 7]. Similar, yet
distinct, cellular binding protein for retinol (vitamin
A) has been demonstrated in several tissues {8, 9].

* A preliminary report of this study was presented at the
Annual Meeting of the Western Society for Investigative
Dermatology, Carmel, California, 1985 {1].

+ Abbreviations used: RA, retinoic acid; CRABP, cellu-
lar retinoic acid binding protein; HBSS, Hank’s balanced
salt solution; NEM, N-ethylmaleimide; Na,EDTA, diso-
dium ethylenediaminetetracetic acid; PMSF, phenylmet-
hylsulfonyl fluoride; SDS, sodium dodecyl sulfate; DMEM,
Dulbecco’s modified Eagle’s medium; FCS, fetal calf
serum.
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Recently, retinoids have also been shown to affect
the connective tissue metabolism in fibroblasts from
human skin [10] or synovial tissue {11]. For example,
all-trans-RA and 13-cis-RA have been shown to sup-
press the production of collagenase by these cells
[10-12]. In a recent study, we have also demon-
strated that retinoids markedly suppress the pro-
duction of procollagen by human skin fibroblasts in
culture [10] and that human skin fibroblasts contain
specific cellular retinoic acid binding protein [13].

Chick-embryo tendon and sterna cells have been
extensively used to study biosynthesis of collagen,
due to the fact that the major protein produced by
tendon cells is type I collagen [14] and by sterna cells
type II collagen [15]. In this study we have examined
the question as to whether these cells contain specific
cellular retinoic acid binding protein and what are
the effects of retinoids on procollagen production in
these cells.

MATERIALS AND METHODS

Materials. ['*C]Proline (specific activity 291 Ci/
mol) and [*H]retinol (all-trans-vitamin A, 1->H(N):
specific activity 13.6 Ci/mmol) were purchased from
New England Nuclear Corp. (Boston, MA). [11-3H]
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all-trans-R A (specific activity 2.24 Ci/mmol) and {11-
3H] 13-cis-RA (specific activity 1.56 Ci/mmol) were
obtained from the Chemoprevention Program,
National Cancer Institute, National Institutes of
Health. The unlabeled retinoids, all-trans-retinoic
acid and retinol, were purchased from Sigma Chemi-
cal Co. (St. Louis, MO); 13-cis-retinoic actd and RO-
10-9359 (etretinate) were obtained from Hoffmann-
LaRoche.

Isolation of matrix-free cells from tendon and car-
tilage. The cells were isolated from the leg tendons
and sterna of 17-day-old chick-embryos by enzymic
digestion using trypsin and collagenase, as described
previously [14, 15]. For incubations, the cells were
suspended in modified Krebs medium or in HBSS,
0.6-10.0 x 108 cells per ml.

Receptor assays. For whole cell binding assay
[16,17] the cells were incubated in 1.0 ml HBSS
containing various concentrations of [*H]all-trans-
RA, at 37° for 45 min. The samples were protected
from the light during incubation. Parallel tubes con-
taining the same amount of cells were incubated with
the same concentration of radioactive all-trans-RA
and in the presence of a 100-fold excess of an unla-
beled retinoid. The unlabeled retinoids were dis-
solved in dimethylsulfoxide, and the final con-
centration of the solvent in all samples was 0.1%.
At the end of the incubation, 20 ul aliquots were
taken for determation of total radioactivity in each
sample. Two ml cold (4°) HBSS was added, and the
samples were centrifuged at 1000 g for 5 min at room
temperature. The supernatant was discarded, and
the cells were resuspended in HBSS, and the cells
were collected by centrifugation, as above. The
washing procedure was repeated, and the cell pellets
were resuspended in 0.5 ml of HBSS. Aliquots of
the suspensions were taken for assay of DNA [18]
and protein [19] as well as for cell count by hemo-
cytometer. Aliquots of 0.1 ml were taken for deter-
mination of bound radioactivity.

For cytosol binding assay, frozen chick-embryo
tissues (0.2 g/ml) were homogenized on ice with a
Polytron tissue homogenizer, 2 times for 10sec in
20 mM Tris-HCI, pH 7.5, containing 2 mM CaCl,,
2 mM MgCl,, 10% glycerol. The homogenates were
centrifuged at 100,000 g for 60 min at 4°, and the
supernatants were used for receptor assay and for
protein determination. Chick-embryo liver and skin
samples were filtered through cotton wool before the
assay in order to remove fat.

For receptor assays, the cytosol preparations were
incubated in the presence of [*H]all-trans-RA,
[*H]retinol or [*H]13-cis-RA for 4-20 hr at 4° in the
dark. At the end of the incubation, 20 ul aliquots
were taken for determination of total radioactivity,
and the samples were then mixed with an equal
volume of solution containing 1% charcoal, 0.05%
dextran and 30% glycerol in 10mM Tris-HCI,
pH 7.5. The samples were incubated 5 min at 4° and
centrifuged for 5min at 10,000g. Aliquots of the
supernatants were taken for determination of radio-
activity. In parallel samples, the cytosol preparations
were incubated with the same concentration of radio-
active retinoid in the presence of a 100-fold excess
of unlabeled retinoids.

For gel filtration chromatography, cytosol pre-
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parations, which were incubated with [*H]all-trans-
RA or [*H]retinol in the presence or absence of a
100-fold excess of unlabeled all-trans-RA or retinol,
were chromatographed on Sephadex G-100 (Phar-
macia), equilibrated and eluted with 20 mM Tris—
HCl, pH?7.5, containing 2mM CaCl, and 2mM
MgCl,. Fractions of 1.0 ml were collected, and ali-
quots were used for liquid scintillation counting of
radioactivity.

The protein concentration in the fractions was
measured by absorbance at 280 nm. The gel filtration
column was calibrated with [*H]H,O, blue dextran
(Amersham), bovine serum albumin, chymotryp-
sinogen and ribonuclease A (all from Pharmacia).

Competitive retinoid binding studies were con-
ducted according to the methods described above
(charcoal-dextran method) using 8 X 1078 M [*H]all-
trans-RA and 100-fold excess of unlabeled all-trans-
RA, 13-cis-RA, retinol or RO-10-9359.

Proteolytic treatment of tendon cytosol samples
was performed using trypsin, chymotrypsin and pro-
nase, all in final concentration of 100 ug/ml. The
cytosol fractions were incubated at 37° for various
time periods up to Shr with proteolytic enzymes,
and control samples without proteolytic treatment
were incubated in a parallel manner. After
incubation, samples were used for receptor assay as
described above.

To study the dissociation of retinoic acid-receptor
complexes tendon cytosols were first incubated with
[*H]all-trans-RA for 20 hr at 4°, followed by incu-
bations for various time periods up to 40 min at 37°.
The samples were then treated with charcoal-dextran
and the bound radioactivity was determined from
supernatant fractions as described above.

Collagen studies. Freshly isolated tendon or car-
tilage cells were preincubated in Krebs medium sup-
plemented with ascorbic acid, 50 ug/ml, and B
aminopropionitrile, 50 ug/ml, and containing reti-
noids dissolved in DMSO. All tubes including the
controls, contained 0.1% (v/v) of DMSO. After
60 min incubation, one uCi of [!*C]proline per tube
was added, and the incubation was continued for
120 min at 37° with shaking. After incubation, 200 ul
of Krebs medium containing cycloheximide and o, a’-
dipyridyl was added to yield concentrations of
100 ug/ml and 1 uM, respectively. The samples were
dialyzed against running tap water, hydrolyzed in
6M HCl, and total *C incorporation and the syn-
thesis of ['*Clhydroxyproline were assayed [20]. To
study the effect of retinoids on collagen synthesis in
whole tissues, tendon and sterna were isolated and
preincubated with" various concentrations of reti-
noids for 24 hr in the presence of 1% FCS, 50 ug/ml
B-aminopropionitrile and 50 ug/m] ascorbic acid in
DMEM. After preincubation samples were labeled
with 3 uCi of ["“C]proline for 120 min.

The radioactive proteins were then extracted with
2% sodium dodecyl sulphate (SDS) in the presence
of protease inhibitors, and total radioactivity and
["*C]hydroxyproline were then analyzed after
dialysis [20].

The conversion of procollagen to collagen was
examined employing pulse-chase techniques [21].
The sterna were pulse-labeled with 3 uCi of
[!*C]proline for 30 min, as indicated above. Further
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incorporation of radioactivity was then inhibited by
the addition of [**Clproline and cycloheximide in
final concentrations of 0.5mg/ml and 100 ug/ml,
respectively. The incubation was continued for
120 min in the presence or absence of 107°M all-
rrans-RA and the incubation was stopped by the
addition of protease inhibitors and 3% SDS. The
samples were immediately boiled for 5min, and
homogenized with polytron tissue homogenizer. The
samples were extracted for 30 min at 37°, centrifuged
at 15,000 g at room temperature. and the supernatant
was examined by SDS-polyacrylamide gel elec-
trophoresis using 6% gels [22]. The *C-polypeptides
were visualized by fluorography [23], and the bands
representing proa, pNa and a-chains of type II pro-
collagen and collagen, were quantitated by scanning
densitometry.

To study the effect of all-zrans-RA on the man-
nosylation of type I procollagen, the tendon cells
were preincubated for 1 hr in the presence or absence
of 107> M all-rrans-RA. The cells were then labeled
simultaneously with [2-*H]mannose (100 uCi/tube)
and [“Clproline (2 uCi/tube) for 2hr. The incu-
bation was stopped by cooling and adding
[12Clproline, cycloheximide and protease inhibitors
to final concentrations (EDTA 20mM, NEM
10 mM, PMSF 2 mM). The cells and medium were
separated by centrifugation. Cells were dissolved in
3% SDS containing protease inhibitors, boiled and
homogenized, and dialyzed against 0.125M Tris—
HC), pH 6.8, containing 2% SDS, 0.01% brom-
phenol blue, and 10% glycerol. The cell and medium
fractions were then electrophoresed after reduction
with 2-mercaptoethanol on 6% polyacrylamide gel
[22] and radioactive peptides were visualized by
fluorography [23]. Bands corresponding to proa-
chains of procollagen were cut out from the gel and
treated with protosol tissue solubilizer (New England
Nuclear). The radioactivities of *H and “C were
then counted by liguid scintillation counting using
two-channel double-label counting program.

For statistical analyses, Student’s two-tailed -test
was used.

RESULTS

Receptor studies

Two different methods were utilized for assay of
retinoid binding receptors. First isolated chick-
embryo tendon fibroblasts in suspension culture were
incubated with [*H]all-trans-RA in the presence or

Table 1. Binding of [*H]all-frans-RA to chick-embryo ten-
don cells

Unlabeled retinoid [*Jradioactivity bound
added d.p.m. X 10™3/sample

None 18.9
All-trans-RA 10.8

Chick-embryo tendon cells (3.0 X 10° in tube) were
incubated with 3.2 x 107 M [*H]all-zrans-RA in the pres-
ence or absence of 100-fold excess of unlabeled retinoid for
45 min at 37° and the samples were treated thereafter as
described in the Materials and Methods. The values are the
mean of duplicate assays.
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Fig. 1. Competitive inhibition of [°H]all-trans-RA binding
to retinoid receptors by other unlabeled retinoids. Tendon
cytosol samples were incubated with 80 nM [*H]all-trans-
RA in the presence of 100-fold excess of unlabeled retino-
ids. Control samples were incubated with [*H]all-trans-RA
alone. The values are the mean *SD of triplicate samples.

absence of a 100-fold excess of unlabeled retinoid.
After a 45 min incubation, the cells were carefully
washed and counted for bound *H-radioactivity, as
described in Materials and Methods. Significant
amounts of radioactive all-trans-RA remained bound
after the radioactivity which was not incorporated
into the cells was removed by washings. The binding
of radioactive [*H]all-trans-RA could be markedly
reduced by incubation of the cells in the presence of
a 100-fold excess of unlabeled all-trans-RA (Table
1.
Secondly,  chick-embryo  tendons  were
homogenized, and the 100,000 g supernatants were
incubated with [*H)all-trans-RA at 4°. Unbound
radioactivity was then removed by charcoal-dextran
treatment, and the supernatants were counted for
*H-radioactivity. Considerable amount of *H-radio-
activity remained in the supernatant after charcoal-
dextran precipitation (Fig. 1). This binding could be
reduced by about 55% when the incubation with
radioactive all-trans-RA was performed in the pres-
ence of a 100-fold excess of unlabeled all-trans-RA,

Table 2. Binding of [*H]13-cis-retinoic acid to chick-embryo
tendon and skin cytosols

Unlabeled 13-cis [*H]radioactivity

Sample retinoic acid added bound d.p.m./ug protein
Tendon None 930

100 x 13-cis-RA 190
Skin None 420

100 x 13-cis-RA 160

Cytosol fractions were incubated with 4.3 x 1077 M
[*H]13-cis-RA for 4 br at +4°, and thereafter samples were
treated as described in Materials and Methods.
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3H- RADIOACTIVITY (cpm x 1073/ fraction)
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Fig. 2. Demonstration of retinoic acid binding protein in chick-embryo tendon fibroblasts by gel filtration
chromatography. Tendon cytosol samples were incubated with 80 nM [*H]all-trans-RA with or without
a 100-fold excess of uniabeled retinoid for 20 hr at 4°. The samples were then briefly treated with
charcoal-dextran, centrifuged and supernatant fractions were then chromatographed on Sephadex G-
100 gel filtration column. The fractions were then counted for radioactivity and the protein concentration
was measured by absorbance at 280 nm. The column was standardized by using the dextran (Vy), [*H]
—-H,0 (V,), bovine serum albumin (standard 1; MW 66,000), chymotrypsinogen (standard 2; MW
25,000), and ribonuclease A (standard 3; MW 13,700). Symbols: O——O, Sample incubated with
[*H]all-trans-RA alone; @———@, Sample incubated with [*H]all-trans-RA in the presence of a 100-fold
excess of unlabeled all-frans-RA; ——, absorbance at 280 nm.

while retinol only slightly reduced the binding and
RO-10-9359 (etretinate) had no effect (Fig. 1). Simi-
lar assays demonstrated binding of [°H]13-cis-RA
into cytosol preparations, and this binding could be
displaced by the addition of a 100-fold excess of
unlabeled 13-cis-RA (Table 2). Further experiments
using [*H]retinol as the ligand failed to demonstrate

any specific binding which could be displaced by
unlabeled retinol.

To characterize the retinoid binding proteins
further, cytosol preparations, after incubations with
[*H]all-trans-RA or [*H]retinol, were chromato-
graphed of Sephadex G-100, and the fractions coun-
ted for *H-radioactivity. Three major peaks of radio-
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Fig. 3. The typical binding curve of [*H]all-trans-RA to receptors in tendon cytosol samples and
determination of binding affinity by Scatchard plot. For the assay tendon cytosols were incubated with
various concentrations of [*H]all-trans-RA in the presence or absence of 100-fold excess of unlabeled
all-trans-RA for 20 hr at 4°. The unbound [*H]all-frans-RA was removed by charcoal-dextran treatment
as described and the specific binding was calculated by deducting non-specific binding from the total
binding. The binding affinity (K;) was esimated from the Scatchard plot (insert) {31].
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activity could be detected (Fig. 2): a small peak of
radioactivity appeared in the total volume of the
column, corresponding to free [*H]all-trans-RA; a
second peak in the void volume of the column with
a MW in excess of that of bovine serum albumin,
i.e. >66,000 daltons; a third peak of radioactivity
chromatographed in a position corresponding to an
approximate MW of 15,000 daltons. The incubation
of the cytosol preparations with [°H]all-trans-RA in
the presence of a 100-fold excess of unlabeled all-
trans-RA had no effect on the radioactivity in the
void volume or total volume peaks (Fig.2).
However, the radioactivity in the 15,000 MW peaks
was abolished in the presence of unlabeled retinoid
(Fig. 2). Thus, the radioactivity in the latter peak
represents specific binding of [*H]all-trans-RA. In
cytosol preparations from chick-embryo skin or liver,
gel filtration studies revealed a similar retinoic acid
binding protein of 15,000 daltons (data not shown).
In contrast cytosol preparations from chick-embryo
sterna, or cartilage cells isolated from sterna, failed
to show a cellular retinoic acid binding protein (not
shown). The incubation of tendon cytosols with
[°H]retinol demonstrated two major peaks in
Sephadex-100 column. The first peak corresponded
to a void volume of the column and another large
peak eluted in the total volume of the column. Only
very small peak was found in the fractions 18-22,
which was partially abolished when cytosols were
incubated in the presence of 100-fold excess of unla-
beled retinol (not shown). The amount of CRABP
was 94 pmol/mg cytosol protein in chick-embryo ten-
dons. The corresponding values in chick-embryo skin
and liver being 46 and 13 pmol/mg cytosol protein.
The apparent binding affinity (Kj3) determined by
Scatchard plot analysis was 1 X 1077 M in tendon
cytosols (Fig. 3).

In order to study the details of the binding of
[*H]all-trans-RA to cellular retinoic acid binding pro-
tein in chick-embryo tendons, the effects of various
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Fig. 4. Effect of protease treatment on the specific binding
of [*H]all-trans-RA. Tendon cytosols were treated with
pronase or trypsin as described, and thereafter the samples
were incubated with [*H]all-trans-RA as described and the
specific binding of [*H]all-trans-RA was determined. The
values are the mean of duplicate samples, and the values
present the relative specific binding in compared to control
samples which were not incubated with enzymes.
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Fig. 5. Dissociation of retinoic acid-receptor complex at
37°. Tendon cytosols were incubated for 20hr at 4° with
[*H]all-trans-RA in the presence or absence of 100-fold
excess of unlabeled all-trans-RA. After that samples were
incubated up to 40 min at 37° treated with charcoal-dextran,
centrifuged and specifically bound [*H]all-trrans-RA was
determined from supernatant. The values are the mean of
duplicate samples and the values present the relative
specific binding in compared to control samples which were
treated at cold with charcoal-dextran.

reagents as well as proteases were examined. The
omission of glycerol from reaction mixture decreased
the specific binding by over 70% (not shown). The
treatment of cytosol with 10 mM N-ethylmaleimide
had no effect on the binding (not shown). The effect
of various proteases on the cellular retinoic acid
binding protein were further studied by incubating
tendon cytosol fractions in the presence of pronase,
trypsin or chymotrypsin (all in concentration of
100 ug/ml) up to 5 hr at 37° before the assay. After
90 min incubation with pronase, there was no specific
binding of all-trans-RA in the cytosol (Fig. 4). Treat-
ment with trypsin (Fig.4) or chymotrypsin (not
shown) were less effective in decreasing the binding
of retinoic acid to cellular retinoic acid binding pro-
tein in cytosol fractions.

The stability of the complex of retinoid and
CRABP was studied by increasing the temperature
to 37° after incubation at +4°. At 37° the specific
binding decreased by over 90% in 15 min (Fig. 5).

Table 3. Effect of all-trans-retinoic acid on collagen and
total protein synthesis in isolated chick-embryo cartilage

cells*
Total C ['*C]hydroxyproline
All-trans-RA (M) d.p.m. x 1073 d.p.m. x 1073
None 50.3 £ 89 124 £ 2.5
107 46.6 + 1.1 8.8 + 1.6
1077 60.1 = 8.1 12.8 + 2.1
1073 18.8 = 3.8 2.6 * 0.11

* Freshly isolated chick-embryo cartilage cells were pre-
incubated with all-trans-RA or solvent for 60 min and
labeled for 120 min with ['*}proline and the incorporation
of total *C-radioactivity and the synthesis of ['“CJhyd-
roxyproline were assayed as described in Materials and
Methods. The values are the mean + SD of three parallel
samples.

+ P < 0.005 compared to control.
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Fig. 6. The effect of various retinoids on the synthesis of
procollagen and the incorporation of total **C-radioactivity
in isolated chick-embryo tendon cells. Tendon cells were
preincubated for 60 min in the presence of various retino-
ids. The cells were then labeled with [**C]proline for
120 min, and the synthesis of [**C]hydroxyproline and the
incorporation of total *C-radioactivity into nondialyzable
fraction were assayed, as described in Materials and
Methods. The values are the mean * SD of three parallel
samples. **P <(0.005 compared to control samples;
*#*+P < 0.001 compared to control samples.

Collagen synthesis studies

In further studies, the effects of retinoids on pro-
collagen synthesis were studied in isolated chick-
embryo tendon fibroblasts. All-frans-RA markedly
decreased the procollagen synthesis, the decrease
being 58% with 1073 M all-trans-RA.. 13-cis-RA and
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Fig. 7. Effect of 13-cis-RA on relative collagen synthesis in
chick-embryo tendon and sterna. Chick-embryo tendon
and sterna were prepared as described and preincubated
for 24 hr with various concentrations of 13-cis-RA. After
preincubation the samples were labeled with {*Clproline
and after incubation total radioactivity and [“Clhyd-
roxyproline were determined as described. The values are
the mean = 8D of triplicate samples: (A) Tendon; (B)

Sterna; **P < 0.005 compared to control samples.

etretinate were equally effective, while retinol
decreased less efficiently the procollagen production
(Fig. 6). The effects of retinoids on collagen synthesis
in tendon cells in suspension conditions were not
specific, however, since total protein synthesis was
similarly affected. In isolated chondrocytes, 10 M
all-trans-RA markedly decreased total protein and
collagen synthesis (Table 3).

The effect of 13-cis-RA on relative collagen syn-
thesis was studied by preincubating whole tendons
and sterna in the presence of various concentrations
of retinoid, and the labeling samples for 120 min with
[“Clproline. Relative collagen synthesis was then
assayed from SDS extractable protein by deter-
mining the ratio of [*C]hydroxyproline/total **C-
radioactivity. In tendon this ratio was in control
specimens 0.20, and was decreased to 0.14 in samples

Table 4. The effect of all-trans-RA on the synthesis of [**C]hydroxyproline and [*H]mannose
incorporation into medium proteins in tendon cells

[*H]}mannose, d.p.m. X 10~*

[*C]hydroxyproline, d.p.m. x 1073

in media in media
None 112+ 2.1 2508
All-frans-RA 107° M 99+ 1.9 1.0 = 0.1

Freshly isolated tendon cells were preincubated for 1 hr in the presence or absence of 10-° M
all-trans-RA and thereafter labeled with 1.5 uCi of [**C]proline or 30 uCi of [*H]mannose for 2 hr.
The cells and medium fractions were then separated, and dialyzed against running tap water, and
assayed for ["*Clhydroxyproline or for nondialyzable [*H]mannose. The values are mean + SD of

triplicate samples.
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Table 5. Effect of ali-trans-RA on the mannosylation of procollagen

Ratio of [*H]mannose/['*C]proline

Cells Medium
Group Prow 1(1) Proa 2(I) Proa 1(I) Proa (1)
Control 27 x0.1 3.0+03 148 = 3.1 309 =47
RA10°M 1.9+ 0.2 2402 137+ 1.6 252+ 08

Isolated tendon cells were preincubated for 1hr at 37° with or without 10° M all-
trans-RA. The cells were then double-labeled with 100 uCi [PH]mannose and 2 uCi
["*Clproline for 2 hr. After incubation cells and media fractions were separated, and
analysed by 6% SDS gel electrophoresis. Bands corresponding to proa 1 and proa 2
regions were isolated and assayed for [*H] and [**C]radioactivity. The values are the

mean of triplicate assays.

incubated with 10~°M 13-cis-RA (Fig. 7A). In
sterna, the ratio was in controls 0.22, and in samples
incubated with 107> M 13-cis-RA the ratio was 0.08
(Fig. 7B).

Since retinoids have been suggested to affect the
glycosylation of proteins [24], the incorporation of
[*H]mannose to nondialyzable medium proteins was
studied. The results indicated that total mannose
incorporation was not markedly altered under con-
ditions in which procollagen synthesis was sig-
nificantly decreased (Table 4). In order to study
directly the mannosylation of prola(I) and proa2(I)
chains, the tendon cells were simultaneously labeled
with [*H]mannose and [*C]proline. The proa chains
were isolated by SDS-PAGE and the degree of man-
nosylation was estimated from the ratio of *H/“C,
assayed by liquid scintillation counting. The results
indicated that the degree of mannosylation of
proal(I) or proa2(I) chains either from cell or
medium fraction was not significantly affected (Table
5). The results also demonstrated that overall man-
nosylation of proa2(I) chains recovered in the
medium was higher than the corresponding values in
the proal(I) chains.

In the same studies, the size of proa chains was
analysed by SDS-gel electrophoresis. The results
indicated that proal(I) and proa2(I) migrated in the
same positions in retinoic acid treated samples as
those in control samples incubated with solvent
alone.

To study the effect of all-frans-RA on the con-
version of procollagen, chick-embryo sterna were
pulse-labeled as described in Materials and Methods
and then chased in the presence of 1073 M all-trans-
RA. The analysis of SDS gel electrophoresis revealed
that 62% of collagenous material was recovered as
a~chains in control samples and 59% in all-trans-RA
treated samples. Thus, all-frans-RA did not sig-
nificantly affect the conversion of procollagen to
collagen.

DISCUSSION

In the present study, we have demonstrated that
chick-embryo tendon fibroblasts contain a specific
cellular all-trans-RA binding protein (CRABP). The
binding of radioactive all-trans-RA was demon-
strated by a whole cell assay and a cytosol binding
assay. The specific binding of [*Hlall-trans-RA could

be displaced by unlabeled all-trans-RA or by 13-cis-
RA. Similar binding could be demonstrated using
[®H]13-cis-RA as the ligand, and this binding could
be displaced by unlabeled 13-cis-RA. Therefore, it
seems plausible, that these two retinoids may bind
to the same or closely related cellular binding pro-
teins with comparable affinities. In contrast to these
retinoids, unlabeled retinol or RO-10-9359 were
unable to displace any specific binding of the [*H]all-
trans-RA. Furthermore, only little, if any, specific
binding of [*H]retinol could be demonstrated using
cytosol assay. The amount of CRABP in tendons
was even higher than in other tissues (in skin or
liver). Recently a very high amount of CRABP
(100 pmol/mg cytosol protein) was reported from the
skin of 8-day-old chick-embryos [25]. Since CRABP
was measured in our study from 17-day-old chick-
embryos, the values are not entirely comparable.
However, it seems that chick-embryo tendons are a
rich source of CRABP.

The binding of radioactive all-trans-RA was
further characterized by a gel filtration chroma-
tography of the cytosol proteins. Specific binding
which could be abolished by a 100-fold excess of
unlabeled all-trans-RA was found in a peak with an
apparent molecular weight of approximately
15,000 daltons. The value agrees well with previously
published molecular weight values for CRABP;
which are in the range of 14,000-16,000 daltons [5].
Thus, the cellular retinoic acid binding protein
demonstrated here in chick-embryo tendon fibro-
blasts appears to be similar to those reported to be
present in various tissues in different animal species.

Further characterization of CRABP revealed that
it was highly sensitive to treatment with pronase,
which totally inhibited the specific binding. NEM, a
reagent blocking sulphydryl groups had no effect
on retinoid binding, indicating that free sulphydryl
groups are not needed to retinoid binding. This
contrasts with observations on glucocorticoid recep-
tors: the binding of glucocorticoid to the receptor
molecule can be blocked by NEM [26].

The effects of various retinoids on procollagen
synthesis were studied first by using isolated tendon
fibroblasts in short suspension labeling experiments.
All-trans-RA, and 13-cis-RA markedly decreased
procollagen production in isolated tendon cells up to
58% in 107> M concentration. However, the inhi-
bition in the suspension culture was not specific,
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since total protein synthesis was similarly inhibited.
This contrasts with studies using human skin fibro-
blasts in culture, in which collagen production was
selectively affected [10]. Possible explanations could
be different cell type, and different experimental
system. Recently it was reported that retinoids
decreased collagen production slightly more than
other protein synthesis in cultured chick tendon
fibroblasts [27]. This could indicate that retinoids
need a certain time period in affecting specifically the
collagen gene expression. This was also confirmed
in our experiments utilizing longer incubation. The
preincubation of tendons for 24 hr with 13-cis-RA
decreased the relative synthesis of collagen. Etre-
tinate, which was not bound to the same binding
protein as all-zrans-RA, also inhibited collagen and
protein synthesis, in tendon cells. The mechanisms
for this inhibitory effect of etretinate are unknown.
It is possible that etretinate modulated cellular func-
tions by some other unknown binding proteins or
that etretinate has a direct effect on the metabolism
of cells.

Since chondrocytes were shown to have neglible
amounts of CRABP, it was of interest to study the
effects of retinoids on collagen production in these
cells. In suspension conditions or in longer incu-
bations with whole sterna, the total protein and
collagen synthesis were clearly decreased in the pres-
ence of 1075 M all-trans-RA or 13-cis-RA. However,
lower concentrations were ineffective. Currently, the
mechanism by which retinoids decrease collagen syn-
thesis in chondrocytes is not known. It is possible,
however, that retinoids have a direct toxic effect on
chondrocytes which then leads to decreased protein
and collagen synthesis. Recently it has been shown in
chondrocyte cultures that retinoids decrease collagen
synthesis [28] indicating that retinoids modulate the
metabolism of cartilage cells. However, the lack of
connection between receptor binding and response
in chondrocytes further confirms earlier studies,
which have demonstated that the levels of CRABP
or CRBP in cells do not always correlate with the
biologic responses of the cells by retinoids [29].

Since it has been suggested that one mechanism
of retinoid action could be that retinoids might serve
as a coenzyme in the membrane-mediated synthesis
of glycoproteins [24], and specifically serve as a car-
rier of mannose into glycoproteins, it was of interest
to study the degree of mannosylation of procollagen
synthesized in the presence of a retinoid. The overall
mannosylation was higher in proa1(I) collagen than
in proa2(I) collagen. This finding thus supports a
previous study, in which it was shown that man-
nosylation is higher in proa2(I) propeptides [30].
The mannosylation of procollagen type I was not
significantly affected by all-trans-RA. The possible
explanation could be that in tendon cells, the man-
nosylation of procollagen is already maximal and
thus no free sites are available for further
mannosylation.
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