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Abundant evidence currently exists to suggest that immune complexes play an important
role in inflammatory diseases of the lung. Clinically, idiopathic pulmonary fibrosis, eosino-
philic granuloma of lung, and systemic lupus erythematosus have been shown to be asso-
ciated with the presence of immune complexes both in lung and in the serum. Experi-
mentally, there is compelling evidence that acute lung injury can be triggered by the
deposition of complexes in vascular walls or by the presence of performed immune com-
plexes instilled into the airways. The observed reactions are, as expected, complement-
and neutrophil-dependent. The morphologic changes in lung caused by products of com-
plement activation (C5a and related peptides) depend on whether complement activation
occurs within the vasculature or within the airways. Airway activation is associated with
intraalveolar accumulations of neutrophils, while intravascular activation leads to intra-
capillary sequestration of neutrophils. The chronic formation of immune complexes
within the vasculature (in the model of "chronic serum sickness") leads to an interstitial
fibrotic reaction and a thickening of basement membranes. Recent studies of intra-
vascularly infused preformed immune complexes indicate a proclivity for certain types of
complexes to localize within lung. These "lung-seeking" complexes differ from non-lung-
seeking complexes only in the ratio of antigen to antibody. Complement does not seem to
alter the tendancy for certain complexes to localize within lung. These studies emphasize
the potential importance of immune complexes in lung injury and point out the variety of
mechanisms involved in both the localization process and the injury process. (Am J Pathol
97:85-92, 1979)

THERE IS CONSIDERABLE CURRENT EVIDENCE that immune com-
plexes play a significant role in the pathogenesis of interstitial inflamma-
tory reactions in the lung. The clinical evidence is both direct and indirect
(Table 1). In hypersensitivity pneumonitis, repeated exposure to inhaled
antigen results in acute physiologic changes as well as progressive inter-
stitial fibrosis.' Although patients with this disease have in their serums
precipitating antibody to the offending antigen, the presence of antibody
does not correlate with presence of disease.2 The chief evidence of the
role of immune complexes is entirely indirect, based on the appearance of
pulmonary dysfunction 4-6 hours after aerosol challenge with antigen. A
more convincing case for the presence (and presumed role) of immune
complexes pertains to idiopathic pulmonary fibrosis. In individuals with
this disease, immune complexes can be demonstrated in serum by the
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Table 1 -Clinical Evidence for Immune Complexes in Inflammatory Diseases of the Lung
1. Clinicopathologic features of hypersensitivity pneumonitis
2. Idiopathic pulmonary fibrosis

Immune complexes in serum
Immune-complex-like material in bronchial lavage fluids
Immunofluorescent evidence of complexes in lung tissue

3. Eosinophilic granuloma
Immune complexes in serum

4. Systemic lupus erythematosus
Complexes deposited in alveolar capillary walls and in pulmonary basement membranes

RAJI assay.? In addition, similar material, as defined by binding with Clq,
has been found in bronchial lavage fluids.4 Finally, immunofluorescence
studies have revealed the presence in the lung interstitium of immuno-
globulins and antigen in a pattern suggestive of immune complexes.5 Im-
mune-complex-like material has also been reported in the serums of pa-
tients with eosinophilic granuloma of the lung.6 Finally, in systemic lupus
erythematosus, there is, as expected, evidence for immune-complex de-
posits both in pulmonary vessels as well as in capillary and alveolar base-
ment membranes.7 Thus, there is substantial support for the presence and
the presumed role of immune complexes in a variety of inflammatory in-
terstitial diseases of the human lung.
There is abundant experimental evidence that immune complexes are

pathogenic and produce inflammatory reactions in the lung (Table 2).
Acute deposition with rat lung of IgG-containing immune complexes
leads to an explosive hemorrhagic, interstitial, and intraalveolar inflam-
matory reaction.8 This response is triggered by the airway instillation of
antibody and the vascular injection of antigen. Being complement- and
neutrophil-dependent, it resembles the reversed passive Arthus vasculitis
reaction in dermis. Complement blockade or the lack of availability of
neutrophils results in abolition of the lung parenchymal reaction, even
though immune complexes can be demonstrated in the tissue. Presumably,
the parenchymal damage can be related to protease release by leukocytes
that have accumulated in response to the local generation of complement-
dependent chemotactic factors. The intraperitoneal injection into guinea
pigs of antibody-rich serum followed by aerosol challenge with antigen re-
sults in morphologic findings virtually identical to those described above.9
In addition, the inflammatory reaction produced in this model is com-
plement-dependent.

Table 2-Experimental Evidence for the Phlogistic Activity of Immune Complexes in the Lung
1. Reverse passive Arthus type of reaction in lung
2. Chronic model of 'serum sickness"
3. Reactions induced by airway instillation of preformed immune complexes
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In a chronic model of immune-complex disease ("serum sickness") in
rabbits, as described below, the intravascular production of immune com-
plexes results in a series of irreversible interstitial and basement-mem-
brane changes.'0

Preformed immune complexes injected into the airways of rats are also
intensely phlogistic for the lung parenchyma." Diffuse, confluent, hemor-
rhagic reactions develop in the alveolar spaces, walls, and interstitium.
The predominant cell type is the neutrophil. Like the reversed passive Ar-
thus reaction in lung (see above), the reaction induced by preformed im-
mune complexes is neutrophil- and complement-dependent. Presumably
the same pathogenesis pertains: complement fixation with generation of
complement mediators, influx of neutrophils, phagocytosis of complexes,
release of lysosomal enzymes, and concomitant lung damage. The phlogis-
tic activity of the preformed complexes is directly related to the ratio of
antigen and antibody in the complexes. This ratio, in turn, is directly re-
lated to the complement fixing activity of the complexes. Thus, there is
strong, direct evidence in support of the ability of immune complexes to
inflict damage in the lung. To what extent the size of the immune com-
plexes is relevant to the phlogistic activity of the complexes and what
other factors are involved in the pathogenicity of immune complexes are
now known. The ability to reproducibly trigger acute inflammatory reac-
tions within the lung in a quantitatively reproducible manner provides
the first opportunity in any organ to probe directly the phlogistic nature
of immune complexes.

Based on a variety of clinical and experimental data, it seems that a
general picture is emerging regarding the morphologic changes appearing
in lung after exposure to immune complexes (Table 3). The acute changes
are associated with the presence of neutrophils, fibrin, and hemorrhage,
usually in an intraalveolar and interstitial location. Rarely are bronchiolar
changes evident. Because of the compelling evidence that the immune-
complex-induced reactions are complement-dependent, the presence of
the fibrin deposits could well be related to the recent demonstration that
C5a (a well-known product of complement activation and the chief chem-

Table 3-Morphologic Changes in Immune-Complex-Induced Lung Reactions
Acute changes (intraalveolar)

Neutrophils
Fibrin
Hemorrhage

Chronic changes (interstitial)
Chronic inflammatory cells
Fibrosis
Thickening and reduplication of alveolar and vascular
basement membranes
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otactic peptide derived from C5) induces the production of thromboplas-
tic activity from leukocytes.'2 The chronic changes in immune-complex-
inflicted damage to lung are primarily focused on the interstitial com-
partment. Here, chronic inflammatory cells accumulate, together with
thick collagenous bands. A reduplication and thickening of both vascular
(capillary) and epithelial (alveolar) basement membranes is also a promi-
nent feature. No current explanation for these changes is available, al-
though it is presumed that they are entirely due to the continued presence
of immune complexes.

It has recently been possible to develop highly reproducible -approaches
to the quantitation of inflammatory reaction in the lungs.'3 In hamsters,
homologous albumin has been labeled with 125i, and homologous neutro-
phils have been labeled with "'In, which has no influence on leukocytic
functions, such as chemotaxis, a highly sensitively indicator of cell dam-
age. These techniques have permitted a direct approach to the effects of
preformed inflammatory mediators on the lung. Since it seemed highly
likely that immune complexes trigger pulmonary inflammatory reactions
by the generation of complement-derived chemotactic peptides (C5a),
highly purified human C5a has been instilled into hamster lung (by intra-
tracheal injection during inspiration). The instillation of 20-40 ,ug C5a
into the airways results in a diffuse, confluent acute inflammatory re-
sponse with large accumulations of neutrophils within alveolar spaces.'3
Less prominent, but present, is a peribronchial accumulation of neutro-
phils. The leukocytic accumulation can be measured as soon as 20 minutes
after the instillation of C5a and shows a steady increase over a 4-hour pe-
riod. Not surprisingly, in these same animals, little if any change in vascu-
lar permeability over the 4-hour period is seen, except for a slight rise (1.3
times that of controls) at 20 minutes. These data would suggest that when
C5a is instilled into the airways, its effects are primarily on circulating
leukocytes and are apparently minimal on endothelial cells and other
structures relevant to vasopermeability changes. Using the same quan-
titative approaches, a doubling of the concentration of C5a considerably
intensifies the accumulation of neutrophils and appears to speed up the
process of leukocyte mobilization, which reaches a peak 60 minutes after
the instillation of C5a. Thus, these data provide direct evidence for the
phlogistic nature of C5a in the lung.

Another interesting piece of information has come from these studies:
airway instillation of 200 ,ug intact human C5 (but not human C4, or ham-
ster IgG or albumin) results in an intense, confluent intrapulmonary in-
flammatory reaction characterized by large numbers of neutrophils in al-
veolar spaces. The C5-induced reaction is delayed, with few changes
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occurring during the first hour, but with an intense reaction developing
by the fourth hour.'3 We have recently shown that this reaction is corre-
lated with the intrapulmonary cleavage of C5, presumably due to the
presence of alveolar enzymes such as those derived from alveolar macro-
phages. Details regarding the pathogenesis of this reaction are not yet
known.
The intravascular infusion of C5a results in a somewhat different series

of changes in the lung. Airway and interstitial changes are minimal and
mainly focused on the vasculature. C5a (as well as other chemotactic fac-
tors), when incubated in vitro with neutrophils, induces at least two
changes that can be measured by physical alterations of cells: a slight
swelling and the formation of cell-cell aggregates (tricellular collections
representing the average size of the aggregates).'4 It has been known for
some time that the intravenous infusion of C5a or other chemotactic fac-
tors results in profound neutropenia, and it has been postulated that this is
due to the trapping of neutrophils within the pulmonary capillaries.'5"6
This theory has been supported by morphologic observations at the levels
of light and electron microscopy. Although there is no compelling evi-
dence that this entrapment causes significant lung damage, the lung se-
questration of neutrophils following intravascular contact with chem-
otactic factors deserves careful investigation.

Although, as stressed above, complement depletion interferes with im-
mune-complex damage of lung, the complement-fixing activity of the
complexes relates to their phlogistic activity in the lung; and while airway
instillation of C5a mimics the lung inflammatory reaction, perhaps the
most compelling evidence for the role of C5-derived chemotactic factors
has come from the demonstration that the C5 chemotactic-factor in-
activator (purified from human serum) is a potent suppressor of the acute
lung inflammatory reaction induced by airway instillation of antibody and
intravenous injection of antigen.'7 The admixture of minute amounts (10
,ug) of the purified chemotactic-factor inactivator with the antibody com-
pletely abolishes the ability of the forming complexes to induce lung in-
jury.

Finally, the recent experimental studies described above have empha-
sized the ability of immune complexes found on the air side of the lung
parenchyma to trigger violent, lung-damaging inflammatory reactions.
There is experimental support for the ability of immune complexes
formed within the vasculature over a long period of time to induce irre-
versible pulmonary vascular and interstitial changes.'0 The vascular
changes include a membrane proliferative reaction with immune com-
plexes embedded within the membranes. The interstitium contains a dif-
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fuse confluent chronic inflammatory reaction with advanced fibrotic
changes. While it seems likely that all of these changes can be attributed
to the presence of the complexes, this conclusion is inferential; and it is
not possible to exclude the participation of other immune reactions, such
as cell-mediated systems, in the pathogenesis of the lung-related inflam-
matory changes. There is a recent report suggesting that products
(lymphokines) of activated lymphocytes have the ability to activate fibro-
blasts and increase collagen synthesis,'8 thus adding to the potential mech-
anisms in the immune system that may result in a fibrogenic response.

Recently we noted that the intravascular infusion of heterologous im-
mune complexes into mice results in a significant localization of these
complexes in the lung, as compared with the localization of the same
complexes in the spleen, the liver, and the kidney.'9 The localization oc-
curs rapidly (peaking at 1 hour) after infusion of the complexes, the local-
ization is enhanced by histamine but not serotonin, and complement does
not seem to affect the amounts of complexes localized within lung. No in-
formation is available about where precisely within the vascular network
the complexes are localized. By immunofluorescence it appears that these
lung-seeking immune complexes follow the capillary outlines; but
whether the complexes are on, within, or beyond the endothelial cell
boundary is not known. The preliminary studies suggest that there may be
something unique about the lung for the localization of immune com-
plexes. At this point, nothing is known about the more long-range effects
of the presence of these complexes on the pulmonary vascular bed.

Obviously, little is really known about lung injury induced by immune
complexes. However, as pointed out above, there is gathering evidence
that complexes play an increasingly common role in inflammatory dis-
eases of the lung. A detailed understanding of these mechanisms awaits ex-
tensive experimental studies.

References

1. Pepys J: Immunopathology of allergic lung disease. Clin Allergy 3:1-22, 1973
2. Fink JN, Barboriak JJ, Sosman AJ, Bukosky RJ, Arkins JA: Antibodies against pi-

geon serum proteins in pigeon breeders. J Lab Clin Med 71:20-24, 1968
3. Dreisin RB, Schwarz MI, Theofilopoulos AN, Stanford RE: Circulating immune

complexes with idiopathic interstitial pneumonias. N Engl J Med 298:353-357, 1973
4. Gadek J, Hunninghake G, Zimmerman R, Kelman J, Fulmer J, Crystal RG: Patho-

genic studies in idiopathic pulmonary fibrosis: Control of neutrophil mi-
gration by immune complexes. Chest 75:264-265, 1979

5. Eisenberg H, Simmons DH, Barnett EV: Diffuse pulmonary interstitial disease: An
immunohistologic study. Chest 75:262-264, 1979



Vol. 97, No. 1 IMMUNE COMPLEX INJURY 91
October 1979

6. King TE, Schwarz MI, Pratt DS, Dreisin RB: Circulating immune complexes with
immunoglobulin and complement deposition in the pulmonary tissue of patients
with eosinophilic granuloma of the lung. Ann Intern Med (In press)

7. Eagen JW, Roberts JL, Schwartz MM, Lewis EJ: The composition of pulmonary
immune deposits in systemic lupus erythematosus. Clin Immunol and Immunopathol
12:204-219, 1979

8. Johnson KJ, Ward PA: Acute immunologic pulmonary alveolitis. J Clin Invest
54:349-357, 1974

9. Roska AKB, Garancis JC, Moore VL, Abramoff P: Immune-complex disease in
guinea pig lungs: I. Elicitation by aerosol challenge, suppression with cobra venom
factor, and passive transfer with serum. Clin Immunol and Immunopathol 8:213-
224, 1977

10. Brentjens JR, O'Connell DW, Pawlowski IB, Hsu KC, Andres GA: Experimental
immune complex disease of the lung: The pathogenesis of a laboratory model resem-
bling certain human interstitial lung diseases. J Exp Med 140:105-125, 1974

11. Scherzer H, Ward PA: Lung injury produced by immune complexes of varying
composition. J Immunol 121:947-952, 1978

12. Mulfelder TW, Niemetz J, Kreutzer DL, Beebe D, Ward PA, Rosenfield SI: C5
chemotactic fragment induces leukocyte production of tissue factor: A link between
complement and coagulation. J Clin Invest 63:147-150, 1979

13. Desai U, Kreutzer DL, Showell H, Arroyave C, Ward PA: Acute inflammatory pul-
monary reactions induced by chemotactic factors. Am J Pathol 96:71-84, 1979

14. O'Flaherty JT, Kreutzer DL, Ward PA: Chemotactic factor influences on the ag-
gregation, swelling and foreign surface adhesiveness of human leukocytes. Am J
Pathol 90:537-550, 1978

15. Craddock PR, Fehr J, Dalmasso AP, Brigham KL, Jacob HS: Hemodialysis leuko-
penia: Pulmonary vascular leukostasis resulting from complement activation by
dialyzer cellophane membranes. J Clin Invest 59:879-888, 1977

16. O'Flaherty JT, Showell HJ, Ward PA: Neutropenia induced by systemic infusion of
chemotactic factors. J Immunol 118:1586-1589, 1977

17. Johnson KJ, Anderson TP, Ward PA: Suppression of immune complex-induced in-
flammation by the chemotactic factor inactivator. J Clin Invest 59:951-958, 1977

18. Johnson RL, Ziff M: Lymphokine stimulation of collagen accumulation. J Clin In-
vest 58:240-252, 1976

19. Chapman WE, Ward PA: Localization in lung of preformed immune complexes
(abstr). Fed Proc 38:1204, 1979



92 WARD American Journal
of Pathology

[End of Article]


