Fc and C3b Receptors on Pulmonary Endothelial Cells:

Induction by Injury

Abstract. Receptors for the activated third component of complement and for the
Fc portion of immunoglobulin G are not expressed by apparently normal bovine
pulmonary endothelial cells, but are expressed when the cells are exposed to white
cell lysates or are infected with influenza or cytomegalovirus. The unmasking of
these latent receptors may contribute to the pulmonary inflammatory response
characteristic of, for example, anaphylaxis and to those lung diseases characterized

by the deposition of immune complexes.

In previous studies, we have shown
that healthy bovine pulmonary endothe-
lial cells in monolayer culture do not
exhibit receptors for the activated form
of the third component of complement
(C3b), or for the Fc portion of immuno-
globulin G (IgG) (/). This finding led us
to draw two inferences: (i) the lack of
these receptors may contribute to the
nonthrombogenic properties of endothe-
lium; and (ii) although the lungs are a
major target organ for immune complex
deposition, the mechanism of binding of
circulating immune complexes in the
lungs is unlikely to be via endothelial
C3b or Fc receptors. However, our pre-
vious studies were not designed to dis-
close latent receptors for C3b or Fc
capable of expression as a consequence
of injury to endothelial cells.

We have now examined the possibility
that certain types of damage to the endo-
thelium might induce or in some way
trigger the expression of Fc and C3b
receptors on the endothelial surface and
render them more prone to attachment
by circulating immune complexes. For
example, certain viral infections appear
to induce the expression of Fc receptors
on a variety of cultured cells (2) and to
induce granulocyte adherence to endo-
thelial cells (3). Furthermore, severe dis-
ruption of endothelial cells resulting in
exposure of intermediate filaments can
lead to antibody-independent binding or
trapping of complement components
Clq, C4, and C3 (4). In view of the lung
injury induced by leukocytic proteases
(5), we postulated that proteases from,
for example, polymorphonuclear neutro-
philic leukocytes (PMN’s) might effect
injury of the pulmonary endothelium so
as to induce the appearance of receptors
not expressed by uninjured cells.

We compared bovine pulmonary en-
dothelial cells from control cultures,
cells that had been infected with influen-
za virus or cytomegalovirus, and cells
that had been incubated with a bovine
white cell (rich in PMN’s) lysate (6) for
their abilities to bind sheep erythrocytes
(E), erythrocytes sensitized with IgG
antibody (EA), or erythrocytes bound to
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C3b (EAC1423). Unsensitized erythro-
cytes and the complex EAC142 were
used as the respective controls (7).
Bovine pulmonary artery endothelial
cells were isolated and subcultured with-
out exposure to proteolytic enzymes and
were characterized as described previ-
ously (8). Confluent monolayers were
infected with influenza virus or cytomeg-
alovirus (9). The cells were used 4 days
after infection, but before cytopathic ef-
fects were evident. Bovine leukocytes,
isolated by dextran flotation (6), were
prepared as follows: 27.2 x 10° bovine
PMN’s, together with a few mononucle-
ar cells and lymphocytes, were subjected
to one freeze-thaw cycle and then centri-
fuged. The supernatant fluid was passed
through a sterilizing filter (0.45 pm).
Endothelial cells were incubated with
the white cell lysate (diluted 1:5 in
Hanks buffered saline solution) for 30
minutes at room temperature and then

Fig. 1. Endothelial cells (~ 2 x 10°) from the
bovine pulmonary artery were treated with
bovine PMN-rich lysate at room temperature
for 30 minutes. The endothelial cells were
washed with Hanks buffered saline solution
and then incubated with 1 ml of EA (1 x 108
ml~"') at 37°C for 15 minutes, then at 4°C for 2
hours. Rosettes (three or more attached cells)
formed between endothelial cells and EA; 79
percent of the endothelial cells exhibited ro-
settes. The mean number of EA per endotheli-
al cell was nine. Scale bar, 20 pm.

washed in Hanks solution. As in our
previous study, the rosette method (10)
was used to test for Fc receptors, and the
immune adherence assay (/1) was used
to test for C3b receptors. ’

Both the EA and the EAC1423 were
used at a concentration of 1 x 10® cells
per milliliter. Bovine endothelial cells
(passage 17) were used at a concentra-
tion of approximately 2 x 10° cells per
milliliter. The endothelial cells were in-
cubated with the red cell intermediate
complexes for 15 minutes at 37°C. The
cell suspensions were centrifuged gently
(25g, 5 minutes, 4°C), and the incubation
was continued for 2 hours at 4°C. The
results were scored and photographed
(Fig. 1) with a microscope (Zeiss Univer-
sal Research) fitted with a camera sys-
tem (Olympus).

As before (1), control monolayers of
bovine pulmonary endothelial cells did

.not exhibit receptors for Fc or C3b.

However, cells exposed to the white cell
lysate formed large rosettes with EA
(Fig. 1) and to a lesser extent clumped
EAC1423. The most striking induction of
receptors was in response to the leuko-
cyte lysate, althougk cells infected with
cytomegalovirus gave positive, but less
striking, results with EA and EAC1423.
Influenza infection produced some ro-
sette formation with EA, but no discern-
ible immune adherence with EAC1423.

The most clear-cut and striking feature
of the present findings was the induction
of latent or otherwise unexpressed re-
ceptors for the C3b component of com-
plement and for the Fc portion of IgG in
endothelial cells that had been exposed
to the white cell lysate. The strongest
induction occurred when the endotheli-
um, as a monolayer or as a suspension of
cells, was exposed to the white cell ly-
sate. Induction occurred without rupture
of the endothelial cell membrane dis-
cernible by light microscopy. Our find-
ings raise questions about the functional
role of, for example, PMN proteases
during leukocyte-induced lung injury.
Ward (12) suggested that acute lung inju-
ry on the vascular (as opposed to airway)
side can be triggered by the deposition of
immune complexes in vascular walls or
by intravascularly infused preformed im-
mune complexes—effects that are both
neutrophil- and complement-dependent.
A similar vascular reaction is induced by
infusion of CSa, a potent neutrophil-
activating agent (/3). Apparently, C5a
can be activated in a wide variety of
disease states and in many medical pro-
cedures, including cardiopulmonary by-
pass and renal dialysis (14).

The ability of lysates of PMN’s and
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two viruses capable of infecting endothe-
lial cells to unmask receptors for the Fc
fragment of IgG (and to a lesser extent
for C3b) is likely to be of pathophysio-
logic importance. White blood cells acti-
vated by C3a or by immune complexes
[as may occur in IgG aggregate anaphy-
laxis, chronic serum sickness, lupus
erythematosus, and idiopathic pulmo-
nary fibrosis (/2)] marginate and attach
to endothelial cells in vivo (/3). Further-
more, endothelial cells infected with cer-
tain viruses have the capacity to bind
PMN’s, and the PMN’s thus bound be-
come adherent for other PMN’s (3).
White blood cell aggregates, such as
those formed in anaphylaxis (/5), might
be expected to unmask Fc receptors on
endothelial cells. The stagnant or re-
duced blood flow created by the mechan-
ical blockage caused by white cell aggre-
gates and emboli would provide favor-
able conditions for binding the Fc por-
tion of aggregated IgG or immune
complexes (both present in the plasma
of anaphylactic subjects). In turn, endo-
thelial cell-bound immune complexes
would provide further stimulus for com-
plement activation and complement-
linked immune lysis. Presumably, this
series of reactions would occur most
prominently at the level of the microcir-
culation where mechanical blockage of
blood flow would be most pronounced
and where, in fact, the inflammatory
response to, for example, anaphylaxis is
most pronounced (/5).
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Effect of Indomethacin on Intestinal Tumors Induced in

Rats by the Acetate Derivative of Dimethylnitrosamine

Abstract. Over the course of 20 weeks, Sprague-Dawley rats developed intestinal
tumors in response to an intraperitoneal injection of the acetate derivative of
dimethylnitrosamine. The same agent did not induce tumors in Lobund-Wistar rats.
The number of tumors was significantly smaller in rats given drinking water
containing indomethacin (beginning 14 days after the injections) than in control rats

given drug-free water.

It has been reported that DMN-OAc,
the acetate derivative of dimethylnitros-
amine, induces intestinal tumors in
Sprague-Dawley rats after a single intra-
peritoneal injection (I, 2). Sprague-Daw-
ley rats were more susceptible to tumor
induction than Fischer 344 and Buffalo
strain rats and, among them, males were
more susceptible than females. A dose-
related induction of intestinal tumors in
Sprague-Dawley rats was demonstrated
20 weeks after one, five, and ten doses of
1,2-dimethylhydrazine (DMH; 30 mg per
kilogram of body weight) were adminis-
tered by gavage at weekly intervals. In
further experiments with the same proto-
col, DMH did not induce intestinal tu-
mors in Lobund-Wistar rats; methyla-
zoxymethanol acetate (MAM), the ac-
tive metabolite of DMH, induced tumors

in both strains (3). Subsequently it was
demonstrated that the number of rats
with tumors induced by five doses of
DMH could be reduced significantly by
oral administrations of indomethacin, a
nonsteroidal anti-inflammatory drug that
blocks the synthesis of prostaglandins
(4). In Sprague-Dawley rats that re-
ceived a single dose of DMH, the antitu-
mor effect of indomethacin was even
more significant (¢). Indomethacin also
had an antitumor effect in rats that had
been inoculated with a single dose of
MAM.

To determine the effect of indometh-
acin on tumors induced by another car-
cinogen, we gave male Sprague-Dawley
and Lobund-Wistar weanlings single in-
traperitoneal injections of DMN-OAc¢ (13
mg/kg). Both strains were from a closed

Table 1. Induction of intestinal tumors by DMN-OAc.

Tumors Mean
Rats Tumors .
) ° . in number of
Rat strain with in
small tumors
tumors colon . .
intestine per rat
Sprague-Dawley 28 of 39 19 34 1.4
Sprague-Dawley 8 of 9 6 13 2.1
Lobund-Wistar 0of 10 0 0
Sprague-Dawley 6 of 12 1 7 0.66
Lobund-Wistar 0of 11 0 0

Table 2. Effect of indomethacin on induction of intestinal tumors by DMN-OAc.

R Tumors Mean
ats Tumors in number of
Treatment with in
tumors colon . sma_H tumors
intestine per rat

Indomethacin 1of 7 0 1 0.14*
Control 60f 8 5 7 1.5
Indomethacin Qof § 0 0
Control 8 of 10 7 7 1.4

#*P < .05, Student’s r-test.
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