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Abstract

The anaphylatoxins C3a and C5a are involved in the pathophysiology of microbial as well as allergic inflammation
in the lungs. Besides their expression in leukocytes, receptors for C3a and C5a (C3aR and C5aR) have been noted in
alveolar and bronchial epithelial cells, bronchial smooth muscle cells as well as in vascular endothelial and smooth
muscle cells of normal and inflamed human and murine lungs. Recently, however, expression of anaphylatoxin
receptors in parenchymal cells of the lung (and kidney) has been challenged. Using well-characterized monoclonal
antibodies (mabs) against murine and rat anaphylatoxin receptors, we reexamined the pulmonary distribution of C3aR
and C5aR. Immunohistochemistry was performed on frozen sections of lung tissues from normal mice and rats as well
as from animals subjected to lipopolysaccharide (LPS)-induced inflammation or from MRL/Ipr mice suffering from
autoimmune disease. Furthermore, ovalbumin (OVA)-induced models of allergic asthma in the rat and mouse were
investigated. Prominent expression of both anaphylatoxin receptors was detectable in resident as well as infiltrating
leukocytes. No C3aR protein was observed in alveolar macrophages. Upon LPS- and OVA-challenge as well as in
autoimmune inflammation, numbers of infiltrating leukocytes expressing prominent amounts of anaphylatoxin
receptors increased. Even under these highly inflammatory conditions, however, expression of C3aR and C5aR was
not inducible in parenchymal cells. Thus, our findings identify infiltrating leukocytes as a prominent source of
anaphylatoxin receptors in inflamed lungs. A direct involvement of parenchymal cells in anaphylatoxin-mediated
pulmonary inflammation is unlikely.
© 2007 Elsevier GmbH. All rights reserved.
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Introduction

Complement can be activated through the classical,
alternative and lectin pathways. The third component of
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followed by the generation of C5a and C5b (Walport,
2001). The anaphylatoxins C3a and C5a are respon-
sible for recruiting and activating leukocytes, particu-
larly phagocytic cells such as granulocytes and
monocytes/macrophages.  Anaphylatoxins  perform
their functions by engaging specific receptors on target
cells. Anaphylatoxin receptors are closely related
members of the rhodopsine family of seven transmem-
brane-spanning G protein-linked receptors (Ames et al.,
1996).

Anaphylatoxins are involved in the pathophysiology
of allergic asthma. C3a and Cb5a were increased in
bronchoalveolar lavage fluid or plasma in subjects
with asthma (Krug et al., 2001; Nakano et al., 2003;
Humbles et al., 2000). Genetic C3aR defects resulted in
decreased bronchoconstriction in experimental asthma
models (Drouin et al., 2002; Humbles et al., 2000;
Bautsch et al., 2000). Similarly, pharmacological target-
ing of C5a or C5aR suppressed airway hyperrespon-
siveness and inflammation (Abe et al., 2001; Baelder
et al., 2005). On the other hand, the role of C5a in
allergic disease may be diverse since it was noted to exert
anti-inflammatory effects as well (Drouin et al., 2006;
Karp et al., 2000).

C3aR and C5aR expression could be detected in
bronchial epithelial and smooth muscle cells, alveolar
epithelial cells, and vascular smooth muscle and
endothelial cells in humans and mice (Drouin et al.,
2001; Haviland et al., 1995; Melendi et al., 2007).
Upregulation of parenchymal anaphylatoxin receptor
expression was found in animal models of sepsis and
asthma (Drouin et al., 2001; Melendi et al., 2007)
and in fatal asthma in humans (Fregonese et al.,
2005). However, a direct involvement of parenchymal
anaphylatoxin receptors in C3a- or C5a-induced pul-
monary inflammation has not been demonstrated.
Recently, the view of a widespread expression of
anaphylatoxin receptors in parenchymal cells of the
lung (and other organs such as the kidney) has been
challenged (Fayyazi et al., 2000; Thangam et al., 2005;
Kiafard et al., 2007). In order to improve our under-
standing of the pathophysiological role of anaphylatox-
ins in pulmonary inflammation, a reexamination of
anaphylatoxin receptor expression in the lung appeared
warranted.

To achieve this goal, established mabs against rat and
murine anaphylatoxin receptors were applied in the
immunohistochemical examination of normal as well as
diseased lung tissues. Beside an abundant expression of
C5aR and C3aR in resident and infiltrating leukocytes,
no anaphylatoxin receptors were noted in parenchymal
pulmonary cells in situ under normal or inflammatory
conditions. We conclude that the abundance of anaphy-
latoxin receptors in pulmonary leukocytes may account
for the significant contribution of anaphylatoxins in
lung pathology.

Materials and methods
Monoclonal antibodies

Monoclonal ab R63 (mouse IgG1) against rat C5aR,
mab 10/92 (rat IgG2a) against mouse C5aR, mab 74
(mouse IgG1) against rat C3aR as well as mabs 1G4 (rat
IgG1) and 14D4 (rat 1gG2a) against mouse C3aR have
been demonstrated to be applicable in immunohisto-
chemistry (Kiafard et al., 2007).

Tissue specimens

All animal work was conducted in accordance with
guidelines for animal welfare and was approved by the
government of Lower Saxony, Germany.

Normal Balb/c mice as well as Lewis and Brown-
Norway (BN) rats were obtained from our local animal
facilities. MRL/lpr mice (4-6-month old) suffered from
lupus-type nephritis (as judged by massive proteinuria).

To induce systemic inflammation, Balb/c mice and
Lewis rats were injected i.p. with 5mg/kg bodyweight
LPS (serotype 0128:B12, Sigma, Munich, Germany) and
killed 24 h later by asphyxation.

OVA-dependent allergic hyperresponsiveness in rats
(Schmied]l et al., 2005) and mice (Weigt et al., 2005) was
induced as described. Lungs were harvested 24 h after
the challenge.

Immunohistochemistry

Five micron thick sections were prepared from frozen
lung tissues and placed on glass slides that were coated
with poly-lysine. Immunohistochemistry was performed
as described previously for the rat (Lehmann et al., 2001)
and mouse (Bernier et al., 2001). In short, tissues were
fixed in acetone at —20°C for 10min, incubated with
PBS/5% normal mouse serum and subsequently with
primary antibody (5 pg/ml in PBS/1% BSA) followed by
rabbit-anti-rat (staining of mouse tissue) or rabbit-anti-
mouse (staining of rat tissue) immunogloublins and rat/
mouse alkaline phosphatase-anti-alkaline phosphatase
(APAAP; 1:100 in PBS; Dako, Hamburg, Germany )
for 30min each. The secondary antibody steps were
repeated with incubation times of 15min each. The color
was developed with Fast blue (Sigma) as a substrate for
the APAAP. No counterstaining was performed to lower
the threshold for antigen detection. Isotype control mabs
consistently yielded negative results.

Results
Murine lungs

To study anaphylatoxin receptor expression in murine
lungs, mab 10/92 reactive against murine C5aR and two
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mabs, 1G4 and 14D4, reactive against independent
epitopes of the murine C3aR were applied. It is
important to note that mabs 1G4 and 14D4 always
yielded undistinguishable staining results.

In normal Balb/c mice, we found interstitial macro-
phages to express C5aR as well as C3aR protein,
whereas no other cell type was stained. Alveolar
macrophages exclusively expressed C5aR but not
C3aR (data not shown).

Next, anaphylatoxin receptors were investigated in
LPS-induced pneumonitis which was characterized by a
distinct influx of leukocytes. In this model of inflamma-
tory lung disease, anaphylatoxin receptors were detect-
able in infiltrating leukocytes but not in parenchymal
cells such as epithelial, endothelial and smooth muscle
cells. Similar to normal mice, alveolar macrophages
exclusively expressed C5aR but not C3aR (Fig. 1a—f).

In MRL/lpr mice which suffered from spontaneous
autoimmune disease, the above mentioned findings were
confirmed indicating that parenchymal anaphylatoxin

receptor expression is not inducible in vivo under
conditions of generalized inflammation (Fig. 2a, b and
data not shown).

Similarly, in OVA-induced allergic asthma in Balb/c
mice (Fig. 2¢, d and data not shown), no anaphylatoxin
receptor proteins were detectable in parenchymal
pulmonary cells, in contrast to infiltrating leukocytes
which were strongly stained. Again, alveolar macro-
phages remained C3aR-negative.

Rat lungs

Mab R63 reactive against rat C5aR and mab 74
reactive against rat C3aR were used for the immuno-
histochemical examination of frozen sections from rat
lung tissues. In normal animals, interstitial macrophages
expressed C5aR as well as C3aR protein, whereas no
parenchymal cell type was stained. Similar to mice,
alveolar macrophages exclusively expressed C5aR but
not C3aR (data not shown).
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Fig. 1. C3aR and C5aR protein detection in lungs from LPS-treated mice. Frozen sections from murine lung tissues after systemic
LPS-treatment were stained with anti-mouse C5aR mAb 10/92 (a—) and anti-mouse C3aR mAb 14D4 (d—f). Binding of mAbs was
visualized by indirect immunohistochemistry. Empty arrows indicate airway epithelial cells (a, d), vascular endothelial cells (b, e),
and alveolar epithelial cells (c, f); filled arrows indicate airway (a, d) and vascular (b, e) smooth muscle cells and alveolar

macrophages (c, f).
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Fig. 2. Anaphylatoxin receptor detection in MRL/lpr mice, ovalbumin-challenged mice and LPS-treated rats. Staining of frozen
Iung sections from mice (a—d) and rats (e—f) was performed as described in Figs. 1 and 3, respectively. Empty arrows indicate airway
(a, ¢, e) epithelial cells and vascular endothelial cells (b, d, f); filled arrows indicate smooth muscle cells from the airway (a, c, ¢) and

vessels (b, d, f).

Lungs from rats with LPS-induced pneumonitis (Fig.
2e and f) or OVA-induced allergic asthma (Fig. 3a—f)
were distinguished by prominent cellular influxes. The
immunohistochemical examination further revealed
abundant amounts of anaphylatoxin receptor proteins
in infiltrating leukocytes, however, no other cell types
including epithelial, endothelial or smooth muscle cells
were stained. Again, alveolar macrophages were C3aR-
negative. Our findings indicate that no upregulation of
anaphylatoxin receptor expression occurs in parenchy-
mal cells of the rat lung under conditions of local or
generalized inflammation.

Discussion
In this study, we provide evidence for a prominent

expression of anaphylatoxin receptors in leukocytes in
normal and diseased lung tissues of mice and rats. No

other cell types indigenous to the lung expressed
detectable amounts of C5aR or C3aR proteins.

Our results are in obvious contrast to the ubiquitously
found expression of C5aR and C3aR in human and
murine lungs. These findings were based on the use of
polyclonal abs (Drouin et al., 2001; Haviland et al.,
1995). However, in another study, marked immunos-
taining for C3aR was exclusively detected in pulmonary
epithelial cells whereas smooth muscle cells were
conclusively shown to be C3aR-negative (Thangam et
al., 2005). In a third study, bronchial C3aR staining was
low but strongly increased in C5 deficient mice suffering
from enhanced respiratory syncytial virus disease
(Melendi et al., 2007). These disparate findings point
to a potential lack of specificity of the polyclonal abs
used in these experiments.

There is increasing evidence that immunostaining
based on the use of mabs should be also critically
evaluated. Fregonese et al. (2005) demonstrated a weak

Please cite this article as: Tschernig T, et al. Use of monoclonal antibodies to assess expression of anaphylatoxin receptors in rat and murine
models of lung inflammation. Exp Toxicol Pathol (2007), doi:10.1016/j.etp.2007.03.004



dx.doi.org/10.1016/j.etp.2007.03.004

T. Tschernig et al. / Experimental and Toxicologic Pathology & (11EN) IIE-1ER 5

a OVARAT b

A

-

.» 2 o L

- »

OVA RAT
q 2

?
A\
Z .

R ) '):.\#";.(‘;;’,-Jﬂz.‘ . ’
B o R0y e
Brohnchiolus L C5aR Vessel C5aR
c - # . OVA RAT' d "‘.{‘.?g’?"-i OVA RAT
» .V‘ 4 e Iy v ‘;" o
@ d"f"\" "5&"\'&’
o . = - ;
,“ S 0 ‘“;'b r 3 :f . = = 2 evl’ O
; <& b, oL
1 ’ ) c:‘( < TH o ’
o 9 ﬂ g Q o g ‘.“9 éf e
- 7 ‘ ¢
Alveolus * _¥'csar Bronchiolus 4 = C3aR
e OVA RAT ¢ : p OVA RAT
@ “\_‘ /,';il ,-."1
Y ﬂ ’ ;k!‘ f;*
. i sty
§ t ~ o : ? %é
bl Y f 3 : §
* ? i.

Vessel

C3aR Alveolus.

C3aR B 22=

Fig. 3. Pulmonary C3aR and C5aR protein detection in OVA-induced allergic asthma. Frozen sections from lung tissues after
ovalbumin-challenge were stained with anti-rat C5aR mAb R63 (a—) and anti-rat C3aR mAb 74 (d—f). Binding was visualized by
indirect immunohistochemistry. Empty arrows indicate bronchiolar epithelial cells (a, d), vascular endothelial cells (b, ) and
alveolar epithelial cells (c, f); filled arrows indicate bronchiolar (a, d) and vascular (b, e) smooth muscle cells and alveolar

macrophages (c, f).

in situ expression of C3aR in bronchial epithelial and
smooth muscle cells as well as in blood vessels, with
significant upregulation of vascular C3aR in fatal
asthma. Their results were exclusively based on mab
8H1 staining. However, the prominent binding of mab
8H1 to various cell types such as placental epithelial
(syncytiotrophoblasts) and vascular endothelial cells in
situ was characterized in the past as unspecific since no
C3aR expression was detectable using two other mabs.
Only Hofbauer cells (placental macrophages) were
considered truly C3aR-positive (Sohns, 2000). Further-
more, binding of mab 8HI1 to renal tubular cells as
shown previously (Braun et al., 2004) also proved
unspecific since it was not confirmed by various mabs
against human, mouse and rat C3aR (Kiafard et al.,
2007).

Fregonese et al. (2005) further demonstrated by the
use of mab P12/1 a constitutive expression of C5aR in
the human airway epithelium, which increased in fatal

asthma samples. In the past, however, mab P12/1 was
found to unspecifically bind to epithelial cells of the skin
(keratinocytes) (Werfel et al., 1996). Also, binding of
P12/1 to another epithelial cell type, renal tubular cells,
was not confirmed using three different mabs with
reactivities against various epitopes of human C5aR as
well as mabs against rat and mouse C5aR, respectively
(Kiafard et al., 2007). Taken together, mabs 8H1 and
P12/1 should not be applied any more to the immuno-
histochemical analysis of human anaphylatoxin receptor
expression since they react with as yet undefined
antigens in epithelial cells of different organs.

We conclude from our studies that, in order to
minimize the risk of cross-reactivities to remain un-
discovered, immunohistochemical data obtained with
one mab require confirmation by at least one additional
mab recognizing a different epitope of the same
molecule or a homologous molecule in a different
species. In the present study, this requirement was met
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since two mabs directed against independent epitopes of
mC3aR, 1G4 and 14D4, were found to exclusively stain
murine pulmonary leukocytes similar to mab 74 in the
rat lung. For the detection of murine and rat C5aR,
respectively, one mab for each receptor was available.
Furthermore, pulmonary C5aR expression as demon-
strated herein was in full agreement with the exclusive
staining of leukocytes previously observed in normal
human lungs (Fayyazi et al., 2000).

In summary, our data indicate that anaphylatoxin
receptor proteins are not expressed in pulmonary
parenchymal cells in situ. However, functional C5aR
expression has been demonstrated in cultured bronchial
epithelial cells (Floreani et al., 2003) as well as, together
with C3aR, in cultured endothelial cells (Schraufstatter
et al.,, 2002). We do not argue against these findings
since our results exclusively refer to the issue of protein
expression in vivo. On the other hand, infiltrating
leukocytes were found to be an abundant source of
anaphylatoxin receptors in inflamed lungs, a finding
which may account for many of the immunomodulatory
effects of anaphylatoxins observed in vivo.
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