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Cause or Effect?
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Opsonic fibronectin is known to modulate macrophage (RE cell)
and neutrophil phagocytic function. Its depletion has been doc-
umented following trauma, burn, and operation in patients with
rapid restoration of normal levels unless bacteremia and/or
wound sepsis intervenes. Sepsis is associated with a secondary
phase of opsonic fibronectin deficiency. We have observed in
burn patients that this secondary phase of opsonic fibronectin
depletion following trauma and burn is seen two to three days
prior to the onset of clinical sepsis, raising the question of
whether this deficiency sensitized the host to the subsequent
development of sepsis or whether its depletion was merely an
unsuspected sensitive indication of preclinical sepsis. To ad-
dress the possibility that opsonic fibronectin deficiency might
lower resistance to sepsis, Sprague-Dawley rats (200 gm) were
partially depleted (35%) of their opsonic fibronectin prior to
intraperitoneal inoculation with Staphylococcus aureus. Mor-
tality to S. aureus peritonitis was significantly (p < 0.05) in-
creased in animals with fibronectin deficiency. Furthermore, in
control animals, nonsurvival was also associated with signifi-
cantly (p < 0.05) lower initial fibronectin levels than survival.
However, peritonitis itself also resulted in an early (within one
hour) depletion of opsonic fibronectin followed by a marked
"hyperopsonemia" within 12 hours in both groups. Thus, op-
sonic fibronectin depletion decreases resistance to sepsis, and
the development of sepsis itself will initiate opsonic fibronectin
deficiency. Host defense against infection may depend on early
restoration and maintenance of normal opsonic fibronectin lev-
els following trauma, burn, and operation, as well as the ability
of the host to mount an appropriate hyperopsonemic elevation
of fibronectin levels in response to infection.

CLINICAL AND EXPERIMENTAL trauma or burn re-
_ sults in a decreased resistance to infection, pre-
sumably by depressing numerous host defense param-

Supported by USPHS Grant GM-21447 entitled "Systemic Host
Defense After Trauma."
Marc E. Lanser, M.D., is a NIH Postdoctoral Fellow supported by

T32-GM-07033 Training Grant entitled "Basic and Clinical Science
Trauma Research Training" from the Institute of General Medical
Sciences.

Reprint requests: Thomas M. Saba, Ph.D., Professor and Chairman,
Department of Physiology, Albany Medical College of Union Uni-
versity, 47 New Scotland Avenue, Albany, NY 12208.

Submitted for publication: August 24, 1981.

From the Department of Physiology, Albany Medical
College of Union University, Albany, New York'

eters.2"2 The reticuloendothelial system (RES) serves
many important host defense functions by clearing bac-
teria and nonbacterial particles, cellular debris, and'
products of disseminated intravascular coagulation
(DIC).'9 Theoretically, by preventing both systemic
dissemination of bacteria and/or microembolization of
the products of bacterial sepsis, both overwhelming sep-
sis and organ failure are prevented.'8"9 Experimental
depression of the RES alone by "RE blockade" results'
in decreased resistance to endotoxin and infection'920
emphasizing its pivotal role in host defense. The exact
mechanism by which RE blockade results in this de-
creased resistance is not known. Following RE blockade
by gelatin-coated colloids, clearance of a subsequent
test dose of colloids or bacteria is delayed, and this is
associated with an increase in their lung localization.9 '
This is evidence implicating inefficient clearance of bac-
teria and products of sepsis as a possible mechanism'
underlying this decreased resistance to bacteremia.
Opsonic fibronectin, a 440,000 dalton glycoprotein,

modulates RE clearance of nonbacterial test particles,
fibrin monomer, and some bacterial species.'8"9 Perin
toneal macrophage6 and neutrophil phagocytosis'° are
also augmented by opsonic fibronectin. This protein is'
depleted following trauma and burn as well as during'
RE blockade.8""'7 Fibronectin depletion correlates with
RE phagocytic clearance depression, and restoration of
circulating levels is associated with restoration of RI,
function. In a recent study in burn patients, opsonic
fibronectin depletion preceded the onset of clinical sep-
sis by two to three days," raising the question or
whether opsonic fibronectin deficiency undermines host
defense to sepsis or whether its depletion is merely a
sensitive indicator of subclinical infection. To answe;
this question, the present study tested the hypothesis
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that selective depletion of opsonic fibronectin at the time
of intraperitoneal inoculation of bacteria would de-
crease resistance to sepsis. Additionally, the effect of
sepsis itself on opsonic fibronectin levels was evaluated.

Materials and Methods

Animals

Sprague-Dawley rats (200 gm) were used in all ex-
periments. New Zealand white rabbits (3-5 kg) were
used to prepare antibody to rat opsonic fibronectin.

Bacteria

Staphylococcus aureus isolated from the nasophar-
ynx of an asymptomatic carrier (phage type 96) was
maintained in trypticase soy broth. Fresh overnight cul-
tures of the bacteria were grown prior to the experi-
ment. The bacteria were then centrifuged at 3000 X g
for 10 min, washed three times with 0.9% saline, and
resuspended at a concentration of 1 X 1011 as deter-
mined spectrophotometrically and confirmed by stan-
dard pour plate technique. Bacteria were injected in-
traperitoneally at doses ranging from 1 X 1010 to 1
X 10'l in a volume of 2 ml.

Antibody to Opsonic Fibronectin

Rat opsonic fibronectin was isolated and purified by
gelatin-Sepharose affinity chromatography as described
in detail by Engvall and Ruoslahti.4 The isolation pro-
cedure is based on the high affinity of opsonic fibro-
nectin for gelatin. Pooled rat plasma was pumped
through the column at a rate of 26 ml/hr while mon-
itoring the outflow at 280 nm. The absorbed opsonic
fibronectin was then eluted with 8M urea.
The isolated protein (approximately 800 ,g/ml) was

mixed 10:1 (v/v) with 20% sodium dodecyl sulfate and
then combined with complete Freund's adjuvant (1:1,
v/v). The mixture was injected subcutaneously into the
backs of New Zealand white rabbits (3-5 kg) as de-
scribed.3 This was followed by three weekly injections
using Freund's incomplete adjuvant. Ten days following
the final injection antiserum was harvested via an ear
vein. The antiserum was absorbed three times with fi-
bronectin-free serum cross-linked to glutaraldehyde.3
The final antiserum was monospecific when tested
against normal rat serum using immunoelectrophoresis.
The volume of antiserum to be injected into rats was
the amount needed to decrease opsonic fibronectin levels
30% as determined in a pilot study using five rats. The
volume thus determined was 0.2 ml/100 gm. Experi-
mental animals received 0.2 ml/100 gm antiserum IV
one hour prior to and at the time of intraperitoneal S.
aureus inoculation.

Immunoassay of Opsonic Fibronectin
Electroimmunoassay was used for determination of

opsonic fibronectin using the above monospecific anti-
serum as previously described.3 The monospecific an-
tiserum was mixed with 1% agarose gel and layered on
a 3 X 10 inch glass plate. Wells (3.0 mm) at 1-cm in-
tervals were cut in the agarose, and 10 gl of serum to
be assayed was diluted to 10% and then added to each
well. Samples were electrophoresed towards the anode
at 7V/cm at 4 C for 20 hours. The plates were then
washed and stained as previously described.3 A double
reciprocal standard curve relating rocket height to
known standard concentration was constructed and
used as a reference to determine the concentration in
the unknown samples.

Bacteriologic Studies

Blood cultures were grown from periodic blood sam-
ples obtained from a tail vein using sterile technique.
Standard dilutions were made and 1-ml samples from
each dilution was mixed with warm trypticase soy broth
at 37 C in sterile petri dishes and allowed to solidify.
Cultures were grown for 24 hours prior to quantifica-
tion. Lung and peritoneal cultures were obtained from
two additional groups of rats killed at 6 and 12 hours
for bacteriologic quantification of peritoneal fluid and
lung. For peritoneal cultures, 5 ml of sterile saline was
injected into the peritoneum, and, after mixing for 30
sec, 0.2 ml of fluid was removed for bacteriologic de-
termination as performed on the blood samples. The
lungs were removed through a separate sternal splitting
incision, weighed, mixed with 3 ml of sterile saline, and
homogenized in a sterilized tissue homogenizer (Beck-
man). The homogenate was centrifuged at 3000 X g for
10 minutes, and 0.2 ml of the supernatant was removed
for bacteriologic determination.

Statistical Analysis
One-tailed Student's t-test, paired t-test and one-

tailed Fisher Exact test were used where appropriate.
The confidence level was set at 95%.

Results

The effect of intraperitoneal inoculation of S. aureus
on opsonic fibronectin levels in control animals is shown
in Figure 1. Intraperitoneal inoculation of bacteria re-
sulted in a decrease in circulating fibronectin when
measured one hour following bacterial injection. This
decrease was associated with a significant (p < 0.05)
increase in hematocrit (from 42.4 to 46.5). When cor-
rected for this hemoconcentration, the decrease is sig-
nificant (p < 0.05) for each dose of S. aureus by paired
analysis, as presented in Figure 1. While there are dif-
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FIG. 1. The effect of S. aureus peritonitis on opsonic fibronectin con-

centration in control rats. Bacteria were inoculated IP at 0 hour.
Values shown are corrected for the hematocrit shown in parenthesis
at each time period. Values are mean ± SEM; *significantly (p
< 0.05) different from other groups at the same time (analysis of
variance); t = significantly (p < 0.05) different from baseline (0 hour)
within each group (paired t-test).

ferences in fibronectin levels between each of the three
doses, the temporal pattern in each of the three groups
is essentially the same. Basically, opsonic fibronectin
levels returned to baseline between one and six hours
and rose to levels two to three times normal over the

12- to 24-hour period. In rats inoculated with the largest
dose of S. aureus (10 X 1010), fibronectin levels re-
mained significantly below those of the other two groups
at 12 and 24 hours. The findings presented in Figure
1 suggest that elevation of fibronectin levels during sep-
sis may represent a host defense response to infection,
which if true would indicate that prevention of this re-
sponse and/or depletion of fibronectin may compromise
defense to infection. To test this hypothesis, the effect
of administration of antiserum to fibronectin on both
fibronectin levels during sepsis as well as overall resis-
tance to sepsis was evaluated.

Injection of two doses of antiserum to fibronectin at
one hour prior to and at the time of bacterial inoculation
had a profound effect on fibronectin levels (Table 1).
In animals receiving antiserum to fibronectin, opsonic
fibronectin levels were significantly (p < 0.01) lowered
at the time of S. aureus challenge (O hour) when com-
pared to either their own baseline levels (34%) or con-
trol animals (29% less). They remained lower than con-
trols (30-35%) throughout the 24 hour study period.
Elevation of fibronectin levels did occur in the antifi-
bronectin group, although this was delayed and was not
of the same magnitude. It should be noted that the
fibronectin levels at 12 and 24 hours in the group given
antiserum represent the levels attained in only those
animals that survived, since mortality was high in this
group as will be presented.

Fibronectin deficiency at the time of bacterial chal-
lenge was also associated with an increased mortality
from S. aureus peritonitis (Fig. 2). There was a sig-
nificant (p < 0.05) increase in mortality in the group
of animals given antiserum to fibronectin at the 5 X 1010
dose (86% versus 9%) and 10 X 1010 dose (86% versus
36%). Most animals succumbing to sepsis died betweerd
8 and 12 hrs in both groups, indicating that the in-
creased mortality in the antiserum group was not due
to a toxic affect of the antiserum itself but was most
likely due to an imbalance between host defense and
sepsis.

It is known that normal animals typically display a'

TABLE 1. The Effect of IV Administration of Antiserum To Fibronectin on Opsonic Fibronectin Levels Prior
to and During S. aureus Peritonitis

Immunoreactive Opsonic Fibronectin (jgg/ml)
-44

Baseline 0 1 6 12 24
Experimental Group (-1 Hr) (Hr) (Hr) (Hr) (Hr) (Hr)

Antialbumin (N = 31) 367 ± 14 309 ± 13 294 ± 15 402 ± 20 935 ± 93 1409 ± 134
Antifibronectin (N = 21) 333 ± 28 220 ± 10 201 ± 7 295 ± 29 599 ± 83 945 ± 140
P (between groups) NS <0.01 <0.01 <0.01 <0.01 <0.01
Hematocrit 44.5 ± 0.3 42.4 ± 1.3 46.5 ± 0.6 50.5 ± 0.7 48.7 ± 1.1 44.2 ± 0.5

Anti-fibronectin given IV at -1 and 0 hour at a dose of 0.2 ml/100
gm. Values are uncorrected for the changes in hematocrit. The he-

matocrit changes were not related to bacterial dose. The three bac-
terial doses in each group are combined. Values are mean ± SEM.
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broad range of endogenous circulating fibronectin lev- ANTI-ALBUMIN:
els. This is illustrated by the data shown in Figure 3, 0 SURVIVORS
which presents the association between fibronectin lev- 500 A NON-SURVIVORS
els at the time of bacterial challenge and subsequent
death. Nonsurviving antialbumin animals had signifi- E
cantly (p < 0.05) lower fibronectin levels at the time of a.
S. aureus inoculation than did survivors at the bacterial
doses (5 and 10 X 1010) where some mortality was ob- ,
served (Fig. 2). They also had lower levels when mea- u 400 -

Lu
sured one and six hours following S. aureus inoculation. T

Oc

Bacteriologic Studies co

In an attempt to determine whether the increased 2 l--'|
mortality associated with experimentally induced op- 300- *
sonic fibronectin deficiency might be due to increased ,0
bacteremia or systemic organ localization of bacteria, LU.00
blood cultures, peritoneal cultures, and lung cultures _..L
were performed on separate groups of animals given a
bacterial dose of 5 X 101' and receiving either antifi- LU
bronectin or antialbumin. The results of these bacterial 0 200-
studies are shown in Figure 4 and Table 2. Blood cul-
tures were positive throughout the 12-hour study in both
the antialbumin and antifibronectin groups, although Saureus
no significant difference was found between the two _ _ _ _ _

0 1 6
I , ANTI-ALBUMIN TIME AFTER i.p. S.aureus INOCULATION (HRS)

100 ANTI FIBRONECTIN FIG. 3. Immunoreactive opsonic fibronectin levels in surviving (N
= 17) and nonsurviving (N = 5) control animals at the time of and
following S. aureus inoculation. As there was no mortality at the

90^( 617)- ( 6/7 )- lowest dose of bacteria given, only the animals given the two higher
doses of bacteria were used in this analysis. Values are mean ± SEM;

80- *significantly (p < 0.05) less than survivors at the same time period
(one-tailed t-test).

70-

groups (Fig. 4). In addition, there was no significant
difference in quantitative lung cultures between groups
(Table 2). However, rats receiving antialbumin had sig-

0 50 nificantly higher (p < 0.05) bacterial concentration in
ax x mthe peritoneum at both 6 and 12 hrs than rats receiving

40- ( antifibronectin, although the amount of bacteria re-c4 40-(4/11) covered represented less than 0.1% of the original bac-

301 terial inoculum.

20 ~~~~~~~~~~~~~~~~~~Discussion
Decreased resistance to infection has been docu-

10- (1/11) mented acutely after trauma and burn, as determined
(0b7) (0111) by either mortality,1"3 systemic spread,'3 or local pro-

1 liferation of inoculated organisms.5 This decreased re-
S.aureus ( DOSE) sistance is a function of the severity of injury and the

time postinjury. McRipley and Garrison'3 and Alex-
FIG. 2. Twenty-four-hour mortality in rats given either antialbumin ader dos nstrae thath decresed reisAnex
4,control) or antifibronectin as a function of the S. aureus dosage.
Numbers in parenthesis are nonsurvivors/total. *Significantly (p could be documented within moments following burn.
< 0.05) different from antialbumin (one-tailed Fisher Exact Test). It persisted for approximately 24 hours, followed by an
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AANTI-ALBUMIN
*ANTI.FIBRONECTIN

FIG. 4. Blood culture results
from rats injected with S.
aureus IP at a dose of 5
X 10'°. There was no sig-
nificant difference between
groups at any time (loga-
rithmic scale).

1 2 3 4 5 6 7 8

TIME AFTER i.p. S.aureus INOCULATIC

actual increase in resistance at 48 hours. Reticuloen-
dothelial dysfunction after trauma likewise manifests
itself within minutes and lasts up to 24 hours followed
by hyperactivity as measured using colloid clearance
techniques.8 RE depression has, therefore, been impli-
cated in the etiology of acute host defense failure fol-
lowing trauma and burn.'9 Indeed "blockade" of the
RE system by the injection of exogenous particulates
results in a similar decrease in resistance to infection,'9'20
followed by an actual increased resistance. The RE
depression following trauma, burn, and blockade ap-

pears to be mediated, in part, by depletion of a plasma
factor, now known to be opsonic fibronectin.'7"8 This
molecule is opsonic for a number of exogenous and en-

dogenous nonbacterial particulates and stimulates neu-

trophil phagocytosis of some bacteria.'0"18
The present study demonstrates that selective deple-

tion of opsonic fibronectin by antiserum results in a

decrease in resistance to infection comparable to that

10 11 12

seen following trauma, burn, or RE blockade. The pres-
ent study does not address itself to the exact temporal
relationship between opsonic fibronectin depletion and
sensitivity to bacterial challenge. Thus, whether opsonic
fibronectin depletion following bacterial inoculation as

opposed to preceding bacterial inoculation would also
result in the same increased mortality remains to be
evaluated. Depletion was initiated prior to bacterial in-
oculation in the present study in order to more closely
simulate depletion following trauma or burn prior to
the onset of sepsis.
We cannot unequivocably state that injection of an-

tiserum to fibronectin is free of effects other than de-
pletion of circulating fibronectin. Antifibronectin anti-
body against cell-surface fibronectin is capable of lysing
fibroblasts in the presence of complement in vitro.'6
However, this effect can be inhibited in the presence..

of small amounts of normal serum due to the binding
of the antibody to the opsonic fibronectin present in the

TABLE 2. Bacteriology of Peritoneum and Lung at 6 and 12 Hrs Following S. aureus Inoculation

Colony Count (X105)

6 Hrs 12 Hrs

Experimental Lung Peritoneum Lung Peritoneum
Group (per gm) (per ml) (per gm) (per ml)

Antialbumin 3.7 ± 2.1 379.1 ± 199.2 3.7 ± 1.2 308.9 ± 159.1
Antifibronectin 0.6 ± 0.1 3.3 ± 0.7 10.4 ± 4.9 29.9 ± 19.5
P (between groups) NS <0.05 NS <0.05

Two separate groups of animals inoculated with 5 X 1010 S. aureus

were killed at 6 and 12 hrs for bacterial cultures. To obtain peritoneal
cultures, 5 ml of sterile saline was injected ip and agitated for 20 sec.

The abdomen was opened sterilly, and 0.2 ml of fluid was removed,
for culture.
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serum. Therefore, at the dose and regimen employed
in the present study, we do not feel that this effect has
played a role because of the large amount of serum in
adult rats (4 ml/100 gm) compared to the volume of
antiserum injected. We have injected antiserum into
normal rats and have observed no adverse effects other
than opsonic fibronectin depletion.
An additional feature of this study is the clarification

of the relationship between sepsis and its effect on op-
sonic fibronectin levels as observed in the control group
of rats. Intraperitoneal inoculation of S. aureus resulted
in a decrease in circulating opsonic fibronectin when
measured one hour following the inoculation. This was
accompanied by a 10% increase in hematocrit indicative
of hemoconcentration. The peritoneum responds to in-
traperitoneal bacterial challenge with an increase in
permeability to fluid as well as large and small pro-
teins.7"14 Opsonic fibronectin which is 440,000 daltons
may readily traverse the peritoneum during such in-
flammation since fibrinogen, also a large molecule, has
been found to traverse the peritoneum during inflam-
mation. The theoretical role of fibronectin in local de-
fense could be to augment bacterial phagocytosis by
neutrophils and peritoneal macrophages, aid in clear-
ance of fibrin and tissue debris, and increase bacterial
aggregation, thus inhibiting their systemic absorption.
'Delayed absorption of large amounts of bacteria and/
or exotoxin from the peritoneum may enhance imme-
diate survival,7 while excessively inefficient absorption
may result in abcess formation and greater long-term
mortality.7 In the presence of RE depression, such as
that induced in the present study, rapid absorption of
bacteria may be even more deleterious.'5 Evidence that
,absorption may have been more rapid in the fibronectin-
depleted animals is the larger bacterial counts from the
peritoneum in control animals. It is unlikely that greater
proliferation in the control animals could account for
this difference at 6 and 12 hours following inoculation
as counts did not increase between 6 and 12 hours in
,control animals.

The "hyperopsonemia" observed at 6, 12, and 24
hours in control animals and to a lesser extent in fi-
bronectin-depleted animals has been shown to occur
following trauma, burn, and RE blockade.8""'7 This
may serve to augment local defense as well as RE clear-
,ance of circulating bacteria and products of sepsis or
tissue injury. The persistently lower opsonic fibronectin
concentrations attained by rats injected with the largest
bacterial dose suggests ongoing consumption of the pro-
tein. Furthermore, as observed in control rats, inability
to produce an adequate baseline level of this protein as
swell as the inability to increase its production following
initiation of sepsis may be responsible for decreased host
defense. This observation reinforces our concept that

the increased mortality in the fibronectin-depleted an-
imals was a direct result of decreased fibronectin levels
resulting from the antiserum administration.
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