
These observations suggest that the re- 

sponse against SSV-SSAV was mediated 
by T lymphocytes. Because of possible 
histocompatibility antigen-associated re- 
striction of cell-mediated cytotoxicity 
(20), we may be underestimating the 
actual number of SSV-SSAV respond- 
ers. A broader panel of target cells ex- 

pressing a wider range of HLA antigens 
might be necessary to detect all reactors. 
Two of our four responders were also 
tested for RIP antibodies to SSV pro- 
teins and were found to have elevated 
levels (data not shown). Kurth et al. (9) 
had previously shown that approximate- 
ly 50 percent of a healthy British popu- 
lation had RIP antibodies against SSV- 
SSAV-related proteins. Other investiga- 
tors using different populations and dif- 

fering serological techniques have ob- 
tained varying results (10). Thus, it is not 

yet possible to evaluate conclusively the 
level of immunity to SSV-SSAV-related 
antigens in humans. 
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bacterial infections. 

Glucan, a /-1,3-polyglucose com- 
ponent isolated from the cell wall of Sac- 
charomyces cerevisiae, is a potent retic- 
uloendothelial (RE) stimulant as well as 
a modulator of cellular and humoral im- 
munity (1). The administration of glucan 
to rats or mice is associated with an in- 
crease in weight and size of the major RE 
organs as a result of an increased number 
of activated macrophages (2, 3). The en- 
hanced state of host resistance induced 
by glucan is characterized by a hyper- 
phagocytic state as indicated by the in- 
creased rate of clearance of a variety 
of particulate agents (2, 4). The ef- 
fectiveness of glucan in promoting in- 
creased resistance to tumor growth and 
dissemination has been demonstrated in 
rats with Shay choloroleukemia (5) and 
in syngeneic mouse melanoma B16 and 
adenocarcinoma BW 10232 tumor mod- 
els (6). In studies of three types of meta- 
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static lesions, intralesional administra- 
tion of glucan caused a marked reduction 
in tumor size and tumor cell necrosis as- 
sociated with an infiltration of macro- 
phages containing glucan (7). In view of 
glucan's diverse immunostimulant prop- 
erties, we evaluated the possible role of 
glucan as a mediator of antibacterial ac- 
tivity, as ascertained by survival follow- 
ing intravenously administered Staphy- 
lococcus aureus and by the status of 
certain antibacterial defenses, namely, 
phagocytic activity and serum lysozyme 
concentrations. 

Male Long-Evans rats weighing 200 to 
225 g were given free access to tap water 
and Purina Lab Chow. Glucan was pre- 
pared by a modification of previously de- 
scribed procedures (8). Intravenous in- 

jections of isotonic saline or glucan (1 
mg/100 g) were given on days 0, 2, and 4, 
and the rats were killed on day 5 for as- 
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Table 1. Effect of intravenous glucan on serum lysozyme concentration and clearance of col- 
loidal carbon. 

Serum lysozyme Colloidal carbon 

Group Concentration Clearance 
(/.g/ml) 

N 
(1/2, min) 

Saline 2.68 + 0.68 12 10.6 + 0.55 8 

Glucan 18.14 + 1.78 14 3.6 + 0.23 8 
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say of serum lysozyme activity. Blood 
was drawn from the vena cava and al- 
lowed to clot for 1 hour. Lysozyme ac- 
tivity of the serum samples was ascer- 
tained by using Micrococcus lysodeik- 
ticus as a substrate (Lysozyme Reagent 
set, Worthington Biochemical). The 
change in percentage of transmission per 
minute was recorded and compared to a 
standard curve prepared with known 
concentrations of egg white lysozyme. 
Phagocytic activity was evaluated by the 
rate of intravascular clearance of colloi- 
dal carbon (9). Colloidal carbon (16 mg/ 
100 g) was administered intravenously, 
and tail blood samples were obtained at 
1, 3, 5, 7, and 9 minutes after the injec- 
tion of the colloid. The amount of carbon 
in each sample was determined spectro- 
photometrically (9) and the intravascular 
half-time (t,2) for the clearance of col- 
loidal carbon was determined by semi- 
logarithmic plots. 

In studies to evaluate the effectiveness 
of glucan as an agent promoting non- 
specific bacterial resistance, an 18-hour 
tryptic broth culture of S. aureus was 
used to prepare the inocula. The experi- 
mental group, composed of 15 AKR 
mice weighing approximately 20 g each, 
received intravenous glucan (1 mg per 
mouse) 7 and 4 days prior to bacterial 
challenge. The control group received 
isovolumetric saline. On day 0 all mice 
were injected intravenously with 1 x 109 
viable S. aureus and mortality patterns 
were ascertained. Differences in mortali- 
ty between the glucan- and saline-treated 
groups were compared by means of the 
chi-square test. 

The intravenous administration of glu- 
can caused a sevenfold increase in serum 
lysozyme activity (P < .001) over con- 
trols (Table 1). This increase was associ- 
ated with an increase in RE phagocytic 
function as indicated by an enhanced 
rate of colloidal carbon clearance in glu- 
can-treated rats (Table 1). The adminis- 
tration of glucan caused a 66 percent de- 
crease in t1/2 compared to control clear- 
ance rates. 

That glucan provided protection 
against S. aureus is shown by the data in 
Fig. 1. On day 3, only 10 percent of the 
control mice survived as opposed to 80 
percent survival in the glucan-treated 
group (P < .01). By day 7 all of the sa- 
line controls succumbed to S. aureus in- 
fection, whereas 40 percent of the group 
first treated with glucan survived (P < 
.05). 

Numerous studies have demonstrated 
that macrophages have an important role 
in the host defense against bacterial in- 
fections. The ability of glucan to increase 
the number (2, 3) and phagocytic func- 
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Fig. 1. Effect of glu- 
can treatment on the 
survival of AKR mice 
with systemic Staphy- 
lococcus aureus in- 
fection (1 x 109 cells 
per mouse). Glucan 
(---) (1 mg per mouse) 
or isovolumetric sa- 
line (- - -) was ad- 
ministered intrave- 
nously on days 4 and 7 
prior to bacterial chal- 
lenge (N = 15). 
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tion (1-4) of macrophages appears to 
provide the host with an enhanced pro- 
tection against invading microorganisms. 
The increase in serum lysozyme by glu- 
can also provides a means of reducing 
the number of viable bacteria. Lyso- 
zyme, a bacteriolytic enzyme first char- 
acterized by Fleming (10), is particularly 
effective against Gram-positive orga- 
nisms because they lack an outer mem- 
brane to hinder the action of lysozyme 
on peptidoglycan (11). Although poly- 
morphonuclear leukocytes (PMN's) are 
known to release large amounts of lyso- 
zyme after degranulation (12), the major 
cell type responsible for the secretion of 
lysozyme is the monocyte (13). In sup- 
port of this concept, de novo synthesis of 
lysozyme by alveolar macrophages has 
been demonstrated (14). The addition of 
puromycin or actinomycin D to the cul- 
ture medium reduced the release of lyso- 
zyme from the macrophage as well as 
cell-associated lysozyme (14). Gordon et 
al. (13) have also shown that peritoneal 
macrophages will secrete lysozyme for 
as long as 11 days in culture. These stud- 
ies indicate that lysozyme may be used 
as a measure of macrophage activity in 
vitro. 

Currie and Eccles (15) reported that 
bacillus Calmette-Guerin (BCG) and 
Corynebacterium parvum caused a sig- 
nificant increase in serum lysozyme ac- 
tivity and attributed this to an increase in 
total number of macrophages. Aside 
from serum lysozyme, Cappuccino et al. 
(16) reported that a variety of RE stimu- 
lants such as BCG, zymosan, or bacte- 
rial endotoxins increased splenic lyso- 
zyme activity. The increase in tissue 
lysozyme was associated with and paral- 
leled the induced splenic hyperplasia. 
Cappuccino suggested that the augmen- 
tation of lysozyme activity may be the 
result of RE stimulation of the host (16). 
The present findings are in accord with 
this concept. The glucan-induced eleva- 
tion in serum lysozyme, which has been 
repeatedly demonstrated in our laborato- 
ry, closely paralleled the hyperfunctional 
state of the reticuloendothelium as re- 
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flected by more rapid removal of colloid- 
al carbon. 

In addition to the increase in serum 
lysozyme activity, glucan also modified 
lethal septicemia induced by injection of 
1 x 109 S. aureus intravenously. An en- 
hanced state of nonspecific host resist- 
ance to a variety of pathogens has been 
observed after treatment with other im- 
munostimulants (17). Adlam et al. (18) 
reported a significant protective effect 
when C. parvum was given intra- 
peritoneally to mice prior to intra- 
peritoneal challenge with 7.1 x 107 vi- 
able S. aureus. However, those authors 
reported no protection against intra- 
venous challenge with S. aureus. It is of 
interest in this regard that glucan signifi- 
cantly enhanced the survival of mice 
challenged intravenously with a dose of 
S. aureus an order of magnitude higher 
than mice injected intraperitoneally with 
C. parvum. 

The role of lysozyme as an anti- 
bacterial agent appears to be mediated 
through its direct bacteriolytic action 
(19), as well as via stimulatory effects on 
macrophage phagocytic function (20). 
Biggar and Sturgess (19) have demon- 
strated the significant role of lysozyme in 
mediating the microbicidal action of rat 
alveolar macrophages. They reported 
that phagocytosis of intact bacteria did 
not occur, whereas lysozyme-degraded 
bacteria were rapidly phagocytized. It 
has also been demonstrated that lyso- 
zyme may directly enhance phagocytic 
activity of PMN's (21) and macrophages 
(20). Although yeast cells are not de- 
graded by lysozyme, there was a signifi- 
cant increase in the ingestion of yeast 
cells by human PMN's that were sub- 
jected to physiologic concentrations of 
human lysozyme (21). In a similar man- 
ner, studies with cultured monocytic 
cells showed that the addition of high 
concentrations of lysozyme to the media 
resulted in an enhanced phagocytosis of 
tubercle bacilli (20). In view of these 
findings, the glucan-induced increase in 
serum lysozyme activity may contribute 
to the removal of foreign entities from 
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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. DI Luzio 

Department of Physiology, 
Tulane University School of Medicine, 
New Orleans, Louisiana 70112 
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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. 
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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 45Ca release from fe- 
tal rat bone in vitro. Morphologic and quantitative histometric examination revealed 
that this factor modulates osteoclastic activities. 
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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 (1). 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 
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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 45Ca on the 
previous day. These shafts were cultured 
either in BGJb 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 
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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 45Ca released from four pairs of cultured bones after 
48 and 144 hours of incubation. 
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