the organism via direct stimulation of
the phagocytic mechanisms. Lysozyme,
therefore, may function as a self-stimu-
lating secretory product of the macro-
phage.

These composite studies denote that
the glucan-induced hyperfunctional state
of the reticuloendothelium is associated
with a significant increase in serum lyso-
zyme activity. This increased activity
may contribute to bactericidal properties
of glucan by providing the host with a
nonspecific mechanism whereby certain
invading microorganisms may be re-
duced to less virulent forms. Since infec-
tious complications are common in ma-
lignant conditions (22) and glucan pos-
sesses marked antitumor activity (5, 6),
the antibacterial properties of glucan that
we have now demonstrated make this
compound an attractive immunothera-
peutic agent.

P. L. KokosHIS
D. L. WILLIAMS
J. A. Cook, N. R. D1 Luzio
Department of Physiology,
Tulane University School of Medicine,
New Orleans, Louisiana 70112
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Inhibition of Bone Resorption in vitro by a

Cartilage-Derived Anticollagenase Factor

Abstract. A cartilage-derived factor containing a specific collagenous inhibitor
was found to block reversibly parathyroid hormone-stimulated **Ca release from fe-
tal rat bone in vitro. Morphologic and quantitative histometric examination revealed
that this factor modulates osteoclastic activities.

Elucidation of the relation between
osteoclasts and bone resorption has been
investigated in systematically acceler-
ated bone resorptive states induced by
parathyroid hormone (PTH) stimulation
both in vivo and in vitro (/). However,
with the exception of the effects of spe-
cific circulating hormones on osteo-
clastic activities, little attention has been
directed toward local regulatory mecha-
nisms on these cells.

Proteoglycan-free cartilage extract
which contains protease inhibitors pre-
vents the proliferation of endothelial
cells in culture (2). High activity of pro-
tease inhibitor also occurs in other poor-
ly vascularized tissues, such as blood
vessel walls, cornea, and dentin (3).
Since endothelial cells penetrate extra-
cellular matrices, presumably by enzy-
matic mechanisms, their control may be
due to inhibition of proteolysis. The pro-
tease inhibitors from cartilage and aortic
wall have been isolated and found to be
low-molecular-weight cationic proteins

40 1

45C2a release [mean %+S.E.)

capable of specifically inhibiting colla-
genolytic activity isolated from normal
and pathological tissues (2). Since col-
lagenase and vascular elements have
been implicated in resorptive events of
bone matrix (4), we have now evaluated
the effect of this cartilage-derived mate-
rial containing a specific collagenase-in-
hibitor and found that it reversibly inhib-
its osteoclastic activity in fetal rat bone
in organ culture.

The organ culture technique which
measures the resorption of bone has
been described (5). Paired shafts of the
radius and ulna from 19-day-old rat fe-
tuses were radioactively labeled by in-
jection of the mother with **Ca on the
previous day. These shafts were cultured
either in BGJ,, medium (Gibco) supple-
mented with 1 mg of bovine serum albu-
min (Pentex) per milliliter or in such
medium containing additions of the car-
tilage-derived inhibitor (6). Bone re-
sorption was stimulated in one of the
shafts by the addition of 2.8 international

Time (hours)

Fig. 1. Effects of the presence in and absence from the culture medium of the cartilage-derived
inhibitor (Inhib.) on PTH-stimulated bone resorption in organ culture. Values are expressed as
the mean percentage (+ standard error) of **Ca released from four pairs of cultured bones after

48 and 144 hours of incubation.
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units of PTH (Inolex) per milliliter every
48 hours to the culture medium while its
contralateral member served as the con-
trol by receiving no hormone. The cul-
tures were maintained for up to 144

Fig. 2. Morphologic characteristics of osteoclasts in cultured bones. (A)
Osteoclasts of 48-hour control cultures reveal a modestly developed
ruffled border region (arrows) with subjacent channel expansions and
vacuolations (asterisks) and free bone crystals (BC). (%30,176) (B) The
PTH-stimulated bone contains active osteoclasts with evidence of
greatly increased ruffled border development (arrows), elongated chan-
nels and extensive vacuolations (asterisks), swollen mitochondria and
free bone crystals (BC) after 48 hours of culture. (x20,240) (C) Bone
cultured in the presence of inhibitor for 48 hours shows osteoclasts with
reduced size, greater nuclear to cytoplasmic ratio, and distinctive sepa-

hours, and the medium with or without
fresh additives was changed every other
day. The percentage of **Ca released
from each bone into the culture medium
was used as a measure of bone resorp-

tion. The degree of bone resorption was
determined by liquid scintillation spec-
trometry from the counts per minute of
45Ca radioactivity present in culture me-
dium at each 48-hour interval and the

ration from the surfaces of bone. (%22,384) (D) Bone cultured in the presence of both PTH and inhibitor for 48 hours and subsequently in the
presence of PTH alone for the following 48 hours shows osteoclasts reassociated with the bone surface and evidence of the development of a
ruffled border (arrows), vacuolations (asterisks), and the release of free bone crystals (BC) from the bone surfaces. (x22,384) All sections were

stained with uranvl acetate and lead citrate.
24 MARCH 1978
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counts per minute of **Ca radioactivity
remaining in the cultured bone shafts af-
ter 144 hours of culture. Statistical dif-
ferences were analyzed by means of Stu-
dent’s t-test.

Specific bone resorption occurred in
cultures to which PTH was added,
whereas resorption failed to occur in
bones cultured in the presence of the car-
tilage-derived inhibitor (Table 1). How-
ever, recovery from the inhibition of
PTH produced by the presence of the
cartilage-derived inhibitor could be
achieved by transferring the bones after
48 hours of culture to medium which on-
ly received PTH (Fig. 1). In fact, the per-
centage of *°Ca released from these ex-
plants during the subsequent 96 hours
closely approximated values obtained
from bones cultured for a total of 144
hours in the presence of PTH only. Fur-
thermore, the effect of PTH on bones re-
sorbing during the first 48 hours could be
significantly diminished by substituting
their medium with medium containing
the cartilage-derived inhibitor, even
though fresh PTH also was added at both
48 and 96 hours. The percentage of **Ca
released at the end of the culture period
from these bones was not significantly
different from the values obtained from
control bones cultured for a total of 144
hours in medium not containing the carti-
lage-derived inhibitor.

These experiments indicate that the
cartilage-derived inhibitor significantly
suppressed PTH-stimulated bone resorp-
tion which could not be overcome with
repeated additions of PTH to the ex-
plants. However, the action of this carti-
lage-derived inhibitor is reversible, since
bones cultured for 48 hours in its pres-
ence were found equally capable of re-
suming PTH-stimulated resorption when
transferred to medium devoid of the car-
tilage-derived inhibitor. The biologic po-
tency of this cartilage-dérived inhibitor
was reflected in its ability to completely
inhibit PTH-stimulated bone resorption
which had already progressed for 48
hours.

Since the role of the osteoclast in bone,
resorption has been shown to require its
intimate relationship with the bone sur-
face (7), undecalcified explants from
each experimental period were pro-
cessed for electron microscopy and pho-
tographed with light and electron micros-
copy (8). The PTH-stimulated bones re-
vealed significantly increased numbers
of active osteoclasts (Table 2) lying on
bone surfaces when compared with con-
trol explants (Fig. 2). In contrast, bones
cultured in the presence of the cartilage-
derived inhibitor contained osteoclasts
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Table 1. Effect of the cartilage-derived inhib-
itor on PTH-stimulated bone resorption in vi-
tro. The *°Ca release is expressed as the mean
ratio = standard error of PTH-treated to un-
treated cultures for four pairs of fetal rat bone
shafts during 144 hours of culture.

*5Carelease (ratio

Inhibitor of treated to
control cultures)

Absent 2.79 = 0.19*

Present 1.07 = 0.03

*Differs significantly from the value of 1.0, P < .01.

of which more than 50 percent were
physically separated from the bone sur-
faces, and their numbers were signifi-
cantly reduced. In bones initially cul-
tured in the presence of the cartilage-
derived inhibitor and subsequently cul-
tured in its absence, more than 90
percent of the osteoclasts were observed
to be reassociated to the bone surfaces.

Uncalcified cartilage resists invasion
by endothelial elements, multinucleated
cells, and tumor cells (2). Invasion is de-
fined as the interpenetration of a cell or
tissue into adjacent tissues combined
with the destruction of the matrix of the
invaded tissue. Such proliferative in-
vasive cells elaborate collagenase which
degrades collagen, the major organic
component of connective tissue matrices
(2, 9). As suggested previously 2, 9, 10),
the resistance by uncalcified cartilage to
such cellular invasion may well be due to
material present within the matrix which
selectively inhibits the action of colla-
genase. Since active osteoclasts share
the characteristics of collagen degrada-
tion, these cells could also be interpreted
as being ‘‘invasive.”” We have now
shown that the collagenase inhibitor-en-

Table 2. Quantitative histometric observa-
tions of the effect of PTH with and without the
presence of the cartilage-derived inhibitor on
osteoclasts in cultured fetal rat bones. Values
were collected and averaged from the total
number of osteoclasts and their nuclei in six
complete midsagittal sections of each 48-hour
cultured bone, and are expressed as the
means + standard error of the counts.

Average number of

. Osteoclasts
Additives

per total Nuclei per
midsagittal osteoclast
section
Control 8.5 = 0.16* 4.3 = 0.12%
PTH 12.5 = 0.27% 5.9 £ 0.22t
Inhibitor 5.3 = 0.03*%F 2.4 = 0.05%F
PTH plus 5.5 = 0.09*F 3.1 = 0.11%F
inhibitor

*Slgmﬁcantly different from PTH-stimulated bones,
01. tSignificantly different from control
bones P < .01

riched material isolated from cartilage in-
hibits osteoclastic resorption in addition
to the above-mentioned processes. We
have therefore tentatively named it
“‘anti-invasion factor’’ (AIF).
Osteoclastic regulation during bone
turnover is exemplified in the growth and
development of long bones, fracture re-
pair, periodontal disease, and rheuma-
toid arthritis. Bone resorption associated
with such events may involve mediators
such as the lymphokine osteoclast-acti-
vating factor (OAF) and prostaglandins
(PGE) (11). We have also recently tested
these mediators in our culture system
and found reversible inhibition of both
OAF- and PGE,-stimulated bone resorp-
tion with AIF. Modulation of bone cell
activities may therefore be controlled lo-
cally in part by tissue-specific enzyme
regulators. Since neither Trasylol (bo-
vine basic pancreatic. trypsin inhibitor;
Bayer) nor soybean trypsin inhibitor act
as collagenase inhibitors (2) and also
show no effects when added to our sys-
tem, it can be concluded that the specific
inhibition of collagenase modulates os-
teoclastic function.
JounN E. HorTON*
Departments of Microbiology and
Immunology, Institute of Dental
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Nonhistone Proteins HMG, and HMG,
Change the DNA Helical Structure

Abstract. Two chromatin nonhistone proteins (from calf thymus) of the high mobil-
ity group, HMG, and HMG,, reduce the linking number (topological winding num-
ber) of a circular DNA if the covalent closure of the DNA is carried out in their
presence. This indicates that these proteins can either unwind the double helix, or

induce a supercoiling of the DNA.

Extraction of calf thymus chromatin
with 0.35M NaCl yields two groups of
nonhistone proteins. On the basis of
their electrophoretic mobilities on gel,
the two groups have been referred to as
the low mobility group and the high mo-
bility group (HMG) (I). The HMG group
consists of four proteins designated

SCIENCE, VOL. 199, 24 MARCH 1978

HMG,, HMG,, HMG,,, and HMG,,. All
four proteins have been purified to ho-
mogeneity, and the amino acid sequence
of one of them (HMG;,,) has been deter-
mined 2).

Physicochemical studies of HMG,,
HMG,, and HMG,; have been under-
taken (3, 4). HMG, and HMG, are simi-

lar to each other, each containing about
equal molar amounts of acidic and basic
amino acids (/). Their molecular weights
are approximately 26,000 (5, 6), and both
have globular structures with approxi-
mately 45 percent of the residues in the
a-helix configuration (7, 8). The two pro-
teins interact with DNA nonspecifically
and form soluble complexes (5). The pro-
teins destabilize the DNA double helix,
as indicated by a lowering of the melting
temperature of DNA in the presence of
the proteins (3).

We now report that both HMG, and
HMG:; proteins alter the configuration of
the DNA double helix. Circular PM2
DNA containing one single-chain scis-
sion per molecule was converted to the
covalently closed form by Escherichia
coli DNA ligase in the presence of in-
creasing amounts of either HMG, or
HMG,. On removal of the bound pro-
tein, the electrophoretic mobility of the
DNA in agarose gel was examined. The
electrophoretic pattern of the control
DNA sample ligated at 24°C in the ab-
sence of HMG, and HMG; is shown in
Fig. la. The electrophoresis condition
was such that the group of covalently
closed DNA bands were all negatively
supercoiled. This can be achieved by
carrying out electrophoresis at 4°C in an
Mg?**-containing buffer (9). As was inter-
preted previously, a group of covalently
closed DNA bands differing in linking
numbers (topological winding numbers)
are formed because of thermal fluctua-
tion of the DNA helix configuration (/0).
When increasing amounts of HMG, were
present in samples during treatment with
ligase, the covalently closed DNA
formed showed a progressive increase in
electrophoretic mobility (Fig. 1, b to g).
This increase in mobility results from an

Fig. 1. Reaction mixtures (86 ul each) contained 18 mM tris-HCl, pH
8.0, 2.7 mM MgCl,, 2.3 mM potassium phosphate, 44 ug of bovine
plasma albumin per milliliter, 29 ug of NAD per milliliter, 0.9 mM
EDTA, 0.5 mM dithiothreitol, 6 percent (by volume) glycerol, 13 ug of
PM2 DNA (containing one single-chain scission per molecule) per mil-
liliter, and varying amounts of HMG, and HMG, proteins. The reac-
tion mixtures were incubated at 24°C for 10 minutes, and 4 ul of an E.
coli ligase stock (in the same reaction medium) was added to each
tube, and incubation was continued for another hour. The reaction
was stopped by the addition of 15 ul of solution containing 25 percent
(by volume) glycerol, 5 percent sodium dodecyl sulfate, and 0.25 mg
of bromophenol blue per milliliter. Half of the volume of each stopped
reaction mixture was placed on an agarose (0.7 percent) slab gel for
electrophoresis in buffer containing S mM magnesium acetate, 40 mM
tris-HCI, pH 8.0, 1 mM EDTA (trisodium salt). Electrophoresis was
carried out at 4°C and at 3 V/cm for 39 hours. The numbers of HMG,
molecules per DNA molecule during the ligase treatment were: (a) 0,
(b) 40, (c) 80, (d) 120, (e) 160, (f) 240, and (g) 320. The numbers of
HMG, molecules per DNA molecule were (h) 50, (i) 100, (j) 150, and
(k) 200. The HMG proteins were prepared by the method of Johns et
al. (1). Concentrations of HMG, and HMG, were determined spectro-
photometrically taking E33) = 82. A value of 6.5 x 10° was used for
the molecular weight of PK'IZ DNA.
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