Biochemical Pharmacology, Vol. 38, No. 6, pp. 895-899, 1989.
Printed in Great Britain.

0006-2952/89 $3.00 + 0.00
© 1989, Pergamon Press pko

HEPARIN FRAGMENTS REGULATE COLLAGEN
PHENOTYPE AND FIBRONECTIN SYNTHESIS IN THE
SKIN OF GENETICALLY DIABETIC MICE

C. ASSELOT, J. LABAT-ROBERT and P. KERN

Laboratoire de Biochimie du Tissu Conjonctif, UA CNRS 1174, faculté de Médecine, Université
Paris X11, 8 rue du Général Sarrail, 94010 Creteil, France

(Received 25 August 1988; accepted 31 August 1988)

Abstract—The biosyntheses of interstitial collagens of type 1 and III and of fibronectin were studied in
genetically diabetic KK mice, as compared to control C57 Black mice, as well as the effect of low-M,

heparin fragments (CY 222) on these biosyntheses.

An increased production of type III collagen, as compared to type I collagen, could be demonstrated
in explant cultures of KK mice skins. Fibronectin biosynthesis was also increased. In vivo treatment of
KK mice with 1 mg/kg of CY 222 decreased the biosyntheses of type IIf collagen and of fibronectin to
normal levels. These experiments suggest that low-M, heparin fragments can modulate the expression

of extracellular matrix macromolecuies.

The regulation of expression of genes coding for
extracellular matrix (ECM) macromolecules is an
essential part of cell differentiation, morphogenesis
and embryonic development [1-3]. Several diseases,
genetic and acquired, were shown to be accompanied
by qualitative and quantitative modifications of the
expression of these genes [4-6]. For example over-
production of collagen has been described in liver
fibrosis or cirrhosis, [7] pulmonary fibrosis [8],
arteriosclerosis [9]. Diabetes is accompanied by per-
turbations of the biosyntheses of collagens, pro-
teoglycans and structural glycoproteins [10-18].

We reported previously on the relative increase of
collagen type Il in skin from genetically diabetic
KK mice {19] and in human diabetic conjunctiva [20].
Furthermore, we have demonstrated an increase of
tissue fibronectin biosynthesis both in human dia-
betic and in KK mouse skin [21, 22]. Previous reports
suggested a regulatory effect of heparin on the
biosyntheses of collagenous and non collagenous
macromolecules of ECM [23-26].

Preliminary studies in our laboratory have shown
that low-M, fragments which possess the binding site
to antithrombin III, but lack hemorrhage inducing
properties (referred to as CY 222. CHOAY Lab-
oratories) are also capable to modulate the biosyn-
theses of collagen type III and fibronectin by smooth
muscle cells in culture {27].

We wish to report here on the in vivo effects
of CY 222 on the biosynthesis of skin extracellular
matrix in genetically diabetic KK mice. We have
focused our attention on interstitial collagens {type
I and type III) and fibronectin.

MATERIALS AND METHODS

Acrylamide, N-N'-methylene bisacrylamide, salts,
solvents and buffer systems were purchased from
Merck (Darmstadt, F.R.G.).
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CY 222 (obtained from Choay laboratories) is a
preparation of low-M, heparin fragments obtained
by nitrous acid depolymerization of heparin, major
species having a molecular weight between 2000 and
3000 daltons [28].

Animals used. Non-obese, genetically determined,
spontaneously diabetic KK mice were bred in our
laboratory. The mutation was maintained by
brother—sister matings. C57 black mice were used as
controls. All animals were kept in standard con-
ditions and fed purina chow. Physiological par-
ameters of the KK strain have been previously
described [19, 29, 30]. Essentially, the diabetic mice
exhibited a moderate increase of plasma insulin con-
centration without significant change in glycemia.

Treatment with CY 222. KK mice and C57 black
mice treated groups (two-month-old males) were
injected with CY 222: i.m. injection of 1mg/kg;
three injections per week during six weeks.

Non-treated mice (control group) were injected
with isotonic saline solution. The experimental
groups were classified as: (a) C57 black mice
(control); (b) CY 222-treated C57 black mice; (c)
non-treated, diabetic, KK mice; (d) CY 222-treated
KK mice.

Collagen biosynthesis in skin explant cultures. Skin
explant cultures were performed essentially as pre-
viously described [19, 20, 31]. Briefly, animals were
shaved and killed. Dorsal skin was removed and
dissected free of fat. Tissue was cut into small pieces
and then incubated at 37° for 24 hr in Dulbecco’s
modified Eagles medium containing L (2.3.4.5
(*H))proline (specific activity 105 CimM, 50 uCiml;
purchased from Amersham, France), 8 amino pro-
pionitrile (50 pug mi) penicillin (4000 U mtl) and ascor-
bic acid (100 ugml). Incubation was stopped by
cooling at 4°. The medium was discarded and the
tissue extensively washed with large excess of incu-
bation buffer containing 1% proline [31].
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Limited pepsin digestion. The tissue was homo-
genized and subjected to limited pepsin treatment at
4° for 2 x 24 hr (100 ug pepsin per mg collagen).
Solubilized material was submitted to differential
salt precipitation at acid pH (using dialysis against
0.5M acetic acid containing 0.7 M NaCl and then
2 M NaCl) [31]. Hydroxyproline was determined in
each fraction [32].

SDS polyacrylamide gel electrophoresis. Elec-
trophoretic separation of collagen chains was per-
formed according to Laemmli [33] with 7.5%
acrylamide gel. In order to separate a/(I) and o (IIT)
chains, the method of interrupted electrophoresis
was used [34]. Quantitative analysis of stained gels
and radioactivity determinations were performed as
previously described [31].

Quantification of collagen types by CNBr peptides
analysis. Independently from the previous experi-
ments, skin samples were directly treated with CNBr
as described elsewhere [20, 31] CNBr peptides were
resolved by SDS PAGE [35]. Type I ad type III
collagens were quantified using a,(I) CB8 and o/ (111}
CB8 as peptide markers. Calculations were made as
described [20].

Fibronectin biosynthesis in skin explant cultures.
Fresh minced skin of each animal (about 0.5 g) was
incubated at 37° for 24 hr in 5Sml of Dulbecco’s
modified Eagle’s medium containing methionine at
10% of its normal level and 100 uCi (1 Ci = 37 GBa)
of [**S]methionine (Amersham) and supplemented
with 10% fetal bovine serum (FloBio, Paris) pre-
viously depleted of fibronectin by passage onto a
gelatine Sepharose column. After incubation, the
medium was collected and exhaustively dialyzed for
48 hr against several changes of 10 mM Tris-HCl
buffer (pH 7.4) containing the protease inhibitors
(phenylmethylsulphonyl fluoride, N-ethylmalei-
mide, EDTA, at 2 mM).

The tissues were washed three times with
Dulbecco’s phosphate buffered saline (without Ca?*
and Mg?*, pH 7.4; Seramed Biochrom K.G., Berlin)
and homogenized in 5 mi of boiling 1% Nadodecyl
sulfate. The aqueous phase was removed after cen-
trifugation at 10,000 g for 15 min and dialyzed against
CH;COOH 0.2M containing the same protease
inhibitors as above. The insoluble proteins were
removed by centrifugation.

Fibronectin was immunoprecipitated from ali-
quots of the culture medium and tissue extracts.

RESULTS

Collagen biosynthesis

Total collagen present in whole skin was not sig-
nificantly different in the mice strains with or without
CY 222 treatment (total skin hydroxyproline values,
expressed as mg/g dry wt, ranged from 97 (£8)
for control mice and 100 (x11) for CY 222-treated
control mice to 95 (£9) for KK mice and 89 (£8) for
treated KK mice). After incubation with (*H)proline
during 24 hr, tissue samples were pepsin solubilized.

In all groups, nearly 90% of total skin collagen
was solubilized. Collagenous material was salt pre-
cipitated at acid pH. The 0.7 M NaCl fraction repre-
senting more than 95% of starting material was
analyzed by SDS PAGE. Figure 1 shows typical
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Fig. 1. SDS-PAGE analysis of pepsin-solubilized collagen
molecules precipitated by 0.7 M NaCl. Precipitation and
electrophoresis were performed as described in material
and methods using interrupted electrophoresis. Gels
stained with Coomassie blue were analyzed at 560 nm.
Migrating positions of standard « chains were: a, a(Il1):
b, ay(I); ¢, ay(I). Lane 1, control mice; lane 2, CY 222-
treated control mice; lane 3, diabetic KK mice: lane 4.,
CY 222-treated KK mice.

electrophoretic patterns of pepsin soluble collagen
from all mice groups. Quantitative densitometric
analysis of the data show significant variations and
are summarized in Fig. 2. As we have previously
shown [19], the percentage of type III collagen was
significantly higher in KK mice skin as compared
to control mice. After treatment of KK mice with
CY 222 the proportion of type III collagen decreased
significantly (P < 0.01).

Furthermore, each gel fraction containing «(I) or
a(IIT) chains was hydrolyzed and the specific activity
of hydroxy(®*H)proline determined. The data
obtained for type I collagen did not exhibit significant
variations (Fig. 3A). However, we noted a slight
increase of type I collagen biosynthesis in the KK
mice treated group as compared to non-treated dia-
betic mice. The incorporation of radioactivity in type
IIT collagen of KK mice skin was higher than in
controls (Fig. 3B) as we have previously found [19].
This increased biosynthesis of type III collagen was
corrected by treatment with CY 222 (P < 0.01).
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Fig. 2. Relative proportion of type III collagen. The per-
centage of type III collagen was determined using den-
sitometric analysis of SDS PAGE (see Fig. 1). The results
[type IIT] x 100
[type I] + [type IIT}
mean (£SE) of six independent determinations. a, control
mice; b, CY 222-treated control mice; ¢, KK mice; d,
CY 222-treated KK mice. Significance of the difference
between a and ¢, P < 0.01; difference between ¢ and d,
P <0.01.

are expressed as Each value is the

Independently of the previous experiments, skin
samples from all mice groups were digested with
CNBr. The CNBr peptide mixtures were separated
by SDS PAGE (data not shown). Densitometric
analysis using «;(I)CB8 and «,(III)CB8 is indicated
in Table 1 and shows a significant increase of type
III collagen proportion in diabetic mice skin. This
alteration is modified by treatment of KK mice with
CY 222. The proportion of type III collagen
decreased to normal levels.

Fibronectin biosynthesis

Fibronectin was expressed as the ratio of the radio-
activity present in the immunoprecipitate to total
incorporated radioactivity. The specificity of the
immunoprecipitation procedure is shown in Fig. 4.
The differences were not significant between treated
and non-treated mice, diabetic or controls for the
radioactivity of the fibronectin immunoprecipitated
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Fig. 3. Specific radioactivity of hydroxy (*H)proline in type
I and type III collagens. Skin explant culture and labeling
procedures are described in methods. «, chains from type
I and type III collagens were separated as described in
Fig. 1. Specific radioactivity of hydroxy (*H)proline was
determined in each isolated « chains as indicated in text.
Each value is the mean (*SE) of six independent
experiments. (A) Type I collagen; (B) type III collagen a,
b, ¢ and d as in Fig. 2. In B, significance of difference
between a and c: P < 0.01; between ¢ and d: P < 0.01.

from the culture medium. The percentage ranged
between 0.36 (+0.06) and 0.29 (%+0.03) for control
and CY 222 treated mice to 0.49 (+0.03) and 0.40
(£0.06) for diabetic and diabetic CY 222 treated
mice.

In SDS extracts, fibronectin biosynthesis was
increased (117%, P < 0.01) in diabetic mice (Fig.
5). When control mice were treated with heparin
fragments there was no significant variation in
fibronectin biosynthesis by comparison to non-
treated control mice, only a slight (non-significant)
decrease of fibronectin biosynthesis could be noted
in the treated mice. There was, however, a significant
decrease (P < 0.01) of fibronectin biosynthesis in
SDS extracts of treated diabetic mice, as compared
to the non-treated diabetic mice, as shown in Fig. 5.

DISCUSSION

We have examined the in vivo effects of low-

Table 1. Determination of proportion of type III collagen in skin by CNBr
peptide analysis

Mice group

Percentage of type III collagen

Control mice

Control mice + CY 222
KK mice

KK mice + CY 222

cawy

14 (+2)
11 (x1)
29 (+3)*
16 (£2)**

Analysis and calculation using the relative proportions of a,(I)CB8 and
a,(IIT)CBS as indicated in methods. The results are the mean (£SD) of

six independent determinations.

* Difference as compared to control group A, P <0.01.
** Difference as compared to KK group C, P < 0.01.
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Fig. 4. Fluorography of SDS-PAGE electrophoresis show-
ing the specificity of the fibronectin immunoprecipitate:
1, immunoprecipitate of the incubation medium of skin
explants; 2, supernatant of the immunoprecipitated SDS
skin extracts; 3, immunoprecipitate of the SDS extract of
mouse skin explants; 4, total proteins in the incubation
medium; 5, total proteins in the SDS extract. For the details
of the extraction conditions of skin explants and for the
SDS-PAGE electrophoresis, see Materials and Methods.
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Fig. 5. Incorporation of **S-methionine in mouse skin
explants. Percentage of radioactivity incorporated in
immunoprecipitable fibronectin. Skin explant culture and
labelling procedures are described in Materials and
Methods. Each value is the mean (£SE) of six deter-
minations a, b, ¢ and d as in Fig. 2. Difference between a
and ¢ are significant: P < 0.01; between ¢ and d: P < 0.01.

molecular weight heparin fragments (referred as
CY 222} on the biosyntheses of collagen and
fibronectin in the diabetic KK mice skin. Our results
indicate that repeated injections of CY 222 to these
hereditary diabetic mice decreased the synthesis of
fibronectin and reduced the proportion of type II
collagen towards values found in control C57 black
mice.

Diabetes mellitus is accompanied by various
defects in ECM [10-22]. Several authors have
described the disturbances of capillary basement
membranes [10, 11, 13]. Furthermore alterations of
structural glycoproteins were shown [17, 18] as well
as modifications of proteoglycans {14, 36,37] and
qualitative and quantitative variations of collagen
metabolism [14, 18-20].

We have previously demonstrated an increase of
type III to type I collagen ratio in the skin of her-
editary diabetic KK mice [19]. We have also found
an increased fibronectin biosynthesis in the same
model [21, 22]. Similar modifications were evidenced
in human diabetic ECM [20-22], showing that dia-
betes mellitus can be considered as a connective
tissue disease.

Recent studies have indicated that ECM com-
ponents interact with each other and with cells [38-
41]. For example, extracelfular glycosaminoglycans
affect the biosynthesis of collagen and proteoglycans
{34-37]. Particularly the regulatory role of heparin-
like glycosaminoglycans has been demonstrated con-
cerning the biosynthesis of collagenous and non-
collagenous proteins [25, 26].

Interestingly, addition of heparin to smooth
muscle cells in culture decreased the amount of type
I11 relative to type I procollagen {25]. Studies on a
similar model in our laboratory have demonstrated a
relative inhibition of fibronectin and type III collagen
production by smooth muscle cells treated with
CY 222 [27].

In the present report we have been able to perform
an in vivo regulation of the biosyntheses of type II1
collagen and fibronectin in diabetic KK mice skin.

As far as collagen biosynthesis is concerned,
CY 222 decreased the proportion of type I1I collagen
in diabetic mice skin demonstrated with CNBr pep-
tides analysis of native tissues and independently by
SDS PAGE analysis of pepsin solubilized material.
Furthermore, a direct effect of CY 222 decreasing
type III collagen Hypro (*H) specific activity was
also documented. These results indicate a decrease
of newly synthetized type III collagen in CY 222-
treated tissues.

For fibronectin, we demonstrated an increased
processing of newly synthesized fibronectin (mono-
meric form) to the pericellular (SDS-extractible)
polymeric form in diabetic mouse skin fibroblast cell
cultures [22]. The present results obtained in ex vive
experiments confirm these findings and show that in
vivo CY 222 treatment of diabetic mice decreased
the processing of newly synthetized fibronectin and
its accumulation in the pericellular stroma.
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