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Extrinsic allergic alveolitis and pulmonary sar-
coidosis are granulomatous diseases ofthe lung
for which clinicalpresentation and anatomic site
ofgranulomaformation differ. Extrinsic allergic
alveolitis is caused by inhaled antigens, whereas
the nature and source of the inciting antigen in
sarcoidosis is unknown. To test the hypothesis
that the route via which antigen is introduced to
the lung contributes to the clinicopathological
presentation ofpulmonary granulomatous dis-
ease, rats immunized with intravenous (i.v.)
Corynebacterium parvum were challenged after
2 weeks with either intratracheal (i.t.) or i.v. C.
parvum The granulomatous inflammation elic-
ited by i.t. challenge predominantly involved al-
veolar spaces and histologicaly simulated ex-
trinsic allergic alveolitis. In contrast, the
inflammation induced by i.v. challenge was char-
acterized bygranulomatous angiitis and intersti-
tial inflammation simulating sarcoidosis. Eleva-
tions of leukocyte counts and TNF levels in
bronchoalveolar fluid, which reflect inflamma-
tion in the intra-alveolar compartment, were
much more pronounced after i.t. than after i.v.
challenge. Tumor necrosis factor, interleukin-6,
CC chemokine, CXC chemokine, and adhesion
molecule mRNA and protein expression oc-
curred in each model. In conclusion, i.t. or i.v.
challenge with C. parvum in sensitized rats

causedpulmonary granulomatous inflammation
that was histologicaly similar to human extrin-
sic allergic alveolitis and sarcoidosis, respec-
tively. Although the soluble and celular media-
tors of granulomatous inflammation were
qualitatively similar in both disease models, the
differing anatomic source of the same antigenic
challenge was responsible for differing clinico-
pathological presentations. (AmJ Pathol 1996,
149:1303-1312)

Extrinsic allergic alveolitis (EAA, also known as hy-
persensitivity pneumonitis, farmer's lung, pigeon
breeder's lung, air condition lung disease, etc) is a
group of pulmonary diseases caused by a wide va-
riety of organic antigens derived from various micro-
organisms including bacteria, fungi, protozoa, and
various plant and animal proteins.1 EAA is thought to
represent an immune reaction following repeated
respiratory exposure to an organic antigen.1 The
histopathology of EAA is well defined and is charac-
terized by intra-alveolar and interstitial granulomas
as well as bronchiolocentric inflammation.1'2 Murine
models of EAA have been induced by repeated in-
tranasal instillation of Micropolyspora faeni (known as
the etiological agent for farmer's lung) or by adoptive
transfer of M. faeni-sensitized spleen cells into naive
mice and subsequent intratracheal challenge with
M. faeni.3`

Sarcoidosis is a systemic granulomatous disease
of unknown etiology that involves the lungs in almost
all afflicted individuals.8 Blood vessel wall and inti-
mal granulomas are quite typical for sarcoidosis in
contrast to EAA in which granulomas seldom affect
the blood vessel.9 The high frequency of granuloma-
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tous angiitis in sarcoidosis has been documented as
ranging from 53 to 69%.9- Venous granulomas are
seen in 92% of pulmonary biopsies in which granu-
lomatous angiitis is seen, whereas arterial granulo-
mas are seen in 39%.9

The purpose of the present study is to 1) report the
development of a model of intra-alveolar and inter-
stitial granulomas with bronchocentric chronic in-
flammation induced in rats by a single immunizing
intravenous (i.v.) injection of Corynebacterium par-
vum followed by a single intratracheal (i.t.) challenge
with C. parvum, 2) report the development of a model
of pulmonary granulomatous vasculitis and chronic
interstitial inflammation induced in rats by a single
immunizing i.v. injection of C. parvum followed by a
single i.v. challenge with C. parvum, 3) characterize
the models by studying the kinetics of inflammatory
cell accumulation and expression of cytokines, che-
mokines, and adhesion molecules, 4) describe the
histological similarity of the above mentioned models
to the human diseases of EAA and pulmonary sar-
coidosis, and 5) discuss the importance of the route
via which an antigenic challenge reaches the lung to
the resulting clinicopathological features of the pul-
monary manifestations.

Materials and Methods

Corynebacterium parvum-induced
Granulomatous Inflammation

Killed C. parvum (RIBI Immunochem Research,
Hamilton, MT) was suspended in 0.5 ml of sterile
saline solution (3 mg/ml) and was injected via the
dorsal vein of the penis at the beginning of exper-
iments as the sensitization. Two weeks after the
sensitizing i.v. C. parvum injection, rats were chal-
lenged with an i.t or i.v. injection of 1.5 mg of C.
parvum. The i.t. challenge was delivered via intra-
oral cannulation with a flexible sterile 18-gauge
plastic catheter under direct visualization with an
endoscopic guide light (Karl Storz, San Clemente,
CA). Rats were sacrificed at time 0 (2 weeks after
i.v. sensitization) and at 1, 2, 3, 5, 7, and 14 days
after the i.t. or i.v. C. parvum challenge (n = 6 at
each time point). Rats injected i.v. with sterile sa-
line and i.t. or i.v. with saline for challenge were
used as controls. At the time of sacrifice, the
clamped left lung was removed and frozen for RNA
extraction, and the right lung was used for bron-
choalveolar lavage (BAL) and histology.

Leukocyte Quantitation in BAL Fluid

BAL was performed as previously described.12 Ab-
solute numbers of total leukocytes in BAL fluid was

enumerated with an automated cell counter (Sys-
max, Irvine, CA). Differential counts of leukocyte sub-
sets were determined by counting 200 nucleated
blood cells after modified Wright's-Giemsa staining
of cytospin slides. The absolute numbers of each
leukocyte subset were calculated by multiplying the
total and differential and were expressed as the
mean + 1 SD. Probability value was determined by
the t-test (Systat, Evanston, IL)

Histology and Immunohistochemistry
A midsagittal section of the right lung was taken
encompassing the largest surface area. Formalin-
fixed, paraffin embedded sections of the lung were
stained with hematoxylin and eosin staining and
were examined histologically to determine the distri-
bution as well as the severity of granulomatous in-
flammation. Formalin-fixed, paraffin-embedded lung
tissue was used for immunohistochemical localiza-
tion of ICAM-1 and CD44 expression. After deparaf-
finization and hydration, tissue sections were treated
with 10 mmol/L citrate buffer in a microwave oven
(70% power for 3 minutes) for antigen retrieval. CD44
(Pharmingen, San Diego, CA; 1:100 dilution) and
ICAM-1 (Caltag, San Francisco, CA; 1:100 dilution)
were used as primary antibodies. Standard avidin-
biotin-complex (ABC) immunohistochemical staining
was performed with biotinylated secondary antibody
and 3',3-diaminobenzidine tetrachloride (Sigma
Chemical Co., St. Louis, MO) as the chromogen.

Cytokine Bioassays
Bioassays for tumor necrosis factor (TNF; WEHI 164,
subclone 13 bioassay) and interleukin (IL)-6 (B9 bio-
assay) proteins in cell-free supernatants of BAL fluid
were performed as previously described.13'14 Re-
covered volume from 7 ml of BAL fluid of the right
lung was approximately 5 ml and was relatively uni-
form in each rat. BAL specimens were serially diluted
(six dilutions) in duplicate for a total of 12 wells per
specimen. The concentrations of TNF and IL-6 were
calculated by averaging all dilutions that fell on the
standard curve.

RNAse Protection Assay
Primers for the following cytokines, chemokines, and
cell adhesion molecules were prepared based on
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these cDNA sequences15-19: MIP-1a 5'-CTTGC
TGTNCTNCTCTGNACCATG-3', 3'-CCACAGTAN-
AAGGANTGNTTCNCT-5'; MCP-1 5'- GTTAATGC-
CCCACTCACCTGCTGC-3', 3'-ACCTGGTCTTGG-
TTCACTCTAGTC-5'; KC 5'- GCGCCCGTCGC-
CAATGAGCTGCGC-3', 3'-GAACGGAACTGGGAC-
TTCGGGGGT-5'; MIP-2 5'-CCTGCTGGCCACCAA-
CCATCAGGG-3', 3'-GACTTGTTTCCGTTCCGATTG
ACT-5'; IP-1 0 5'-GTNCGCTG(TC)ANCTGCATC-3',
3'-TCTACAGACTTAGG(CGT)CTT- 5'; E-selectin 5'-
CCCAGTGTGAAGCCTTATCTGCAC-3', 3'-ACAAG-
TTCGGAACTGG AAGGTCCT-5' GenBank acces-
sion number L25527; P-selectin 5'-GGGCAGT-
CACTGAATGGC TCTGCC-3' GenBank accession
number L23088; GAPDH 5'-GCCCCCCTGGC-
CAAGGTC-3', 3'-CTGACACCTACCGGGGAG-5'.
Oligonucleotides were synthesized on an Applied
Biosystems (Foster City, CA) automated DNA syn-
thesizer. Reverse transcriptase polymerase chain re-
action or polymerase chain reaction was performed
for a total of 40 cycles using lipopolysaccharide-
stimulated rat peritoneal macrophages total RNA or
a rat lung cDNA library (Clontech Lab, Palo Alto, CA)
as the template under the following conditions: de-
naturing at 940C, annealing at 540C, and extension
at 72°C. The polymerase chain reaction product was
purified on agarose gel and ligated into a pGemT
vector (Promega, Milwaukee, WI) and sequenced on
an automated DNA sequenator (Applied Biosystems
373A) with a Taq DyeDioxy terminator cycle se-
quencing kit (Applied Biosystems)

Anti-sense riboprobes were prepared by in vitro tran-
scription with either T7 or SP6 RNA polymerases (Am-
bion, Austin, TX) and [32P]UTP. Lung total RNA (5 ,ug)
prepared by acid phenol/chloroform extraction was hy-
bridized with 1 x 105 counts of each riboprobe for 14
to 16 hours at 56°C. Unhybridized RNA was digested
with RNAse A and Ti (Ambion) at 30°C for 1 hour,
followed by proteinase K digestion (37°C for 30 min-
utes). After phenol/chloroform extraction and sodium
acetate/ethanol precipitation, the mRNA-riboprobe hy-
brid was denatured and electrophoresed on 6% aga-
rose. The dried gel was exposed to x-ray film (Kodak,
Rochester, NY) overnight at -700C.

Results

Histology
The i.t. injection with C. parvum at 2 weeks after i.v.
sensitization caused severe neutrophilic inflammation
at day 1 (Figure 1), which rapidly subsided and was
replaced with predominantly lymphocytic and granulo-
matous inflammation by day 2. The severe intra-alveo-

Figure 1. veutrophils are the predominant inflammatory leukocytes in
the alveolar space 1 day after i.t. challenge Uith C. parvuLm in setisi-
tized rats.

lar and perivascular granulomatous inflammation
peaked at day 2 to 3 as evidenced by macroscopic
consolidation of pulmonary parenchyma (Figure 2) as
well as microscopic granuloma formation (Figure 3).
The gross consolidation of the lung subsided by 7 days
after i.t. challenge (Figure 2) although focal micro-
scopic granulomas persisted. The granulomas were
most often within alveolar spaces that were centered
around bronchi and alveolar ducts but were less fre-
quently present in an interstitial or perivenular location.
Lymphocytic infiltration was also present within alveolar
spaces and the interstitium, most prominently around
venules (Figure 3).

The i.v. injection of C. parvum 2 weeks after i.v.
sensitization caused granulomatous angiitis peaking
at 3 days after the i.v. challenge (Figures 4 and 5).
Perivascular, interstitial, and occasional intra-alveo-
lar granulomas accompanied the vascular involve-
ment. The conspicuous early neutrophilic inflamma-
tion that was seen after i.t. challenge was not
observed after i.v. challenge. The granulomatous an-
giitis was mainly localized at the level of venules
although occasional involvement of larger veins and

Figure 2. A gross photograph qf sagittal .sections qf the rigbt Itlung
inflated with Bouii .fixative shous wiclespread iiiacroscopically visi-
blv iocduliar consolidation ofJ the lung (srini-rotiided by! triangles) 3 dciys
cfier i.t. challenge wlbih C. parvrun in sensitized rats. At l week a/ier
cbhallenge, thc nmcruoscopic conisolidaltion, has lbrgeli1 subsided.
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Figure 3. Several ijtr-a-alveolar graniulomas conmposed qf epithelioid
mancrophbages ore illiist,ated 3 dayl,s after i.t. challenge with C. parLIm
itl sen)sitized rtIas (A ani alveolar splace; solid arrowheads poinit to
inltra-alv,eolar-graidiloozcas). NVote the lymphoclytes arounld 'venill.s ( V,
venuiles; open arrowheads point to ciujfs ofperivenular lynmphocytes).

arterioles was also found. The vascular intima was
the most frequent site of vascular inflammation, fol-
lowed by medial and transmural involvement. The
macroscopic appearance of the lungs after i.v. chal-
lenge with C. parvum was characterized by a fine
reticular pattern (Figure 6) suggestive of predomi-
nantly interstitial involvement and differing from the
nodular consolidation seen after i.t. challenge.

In the lungs of rats that received an i.v. injection of
C. parvum without subsequent i.t. or i.v. challenge,
pulmonary histology at 2 weeks showed mild focal
perivascular inflammation with occasional intra-alve-
olar and intimal granulomas.

Inflammatory Cells in BAL Fluid

The absolute number of leukocytes and neutrophils
in BAL fluid peaked 1 day after i.t. injection of C.
parvum (P = 0.008, at day 1 as compared with

Figure 5. Granui:lonuzatouis an,gitis in a larger ventule shoo's initimal (O
as nell as tran.sotunral ( 7) graniiulounatouls inflanmationi.

control rats; Figure 7). The absolute lymphocyte
count in BAL fluid peaked 3 days after the i.t. chal-
lenge (P < 0.0001, at day 3 as compared with con-
trol rats; Figure 7). The number of macrophages and
monocytes recovered in BAL fluid was significantly
decreased as compared with saline-injected control
animals at day 1 and day 3 (P = 0.004 and 0.002,
respectively), an observation that may be attribut-
able to the aggregation and increased adherence of
these cells (Figure 7).

The bronchoalveolar neutrophil and lymphocyte
counts after i.v. challenge peaked at days 3 to 7
(Figure 8). The number of neutrophils recoverable
after i.v.-challenge was 10-fold lower than after i.t.
challenge (Figure 8).

Cytokine Expression
TNF and IL-6 protein levels in BAL fluid increased
after i.t. challenge with C. parvum. The kinetics of
TNF and IL-6 protein expression in BAL fluid paral-

.. _

it.
rnai

f.

Figure 4. Ani iv. challenzge with C. parvuLm in sensitized rats causes
granulomatoins anglitis anid interstitial itnflaninmationi in the lillon. Note
the occlusion of the lhumen 0/Ia venule by a granuloma ( 1). Also note
the perivenular c ffing of 1ymnphoc )tes The granozlomiiatonis an7d lbin-
phoc y'tic inlflamnmnatory respon.se mnvanderns alonig the alveolar nalls
(solid arrows) anIcl provcides the histological basis for the grossly ob-
served diy/)inse reticilacr thickeninqg oJ the long (see Figure 6) as cotni-
pared vith the niocldular- consolidlationi (see Figure 2) cf'the ilong qfler
i.t. chballenge.

Figure 6. A delicate diffuse reticular thickening of the pulmonaly
parenchbyma demonstrates the gross appearanoce of the Ilunlg .3 days
after i.i challenge in a C. parvuLII -senisitized rat. The bronchocentric
pattern of' nocliildar couusoliclcutioui seenz after i.t. challenge is shboln t°br
comiparisoi andcl is seen) best ini the nght iniddlce lobe (arrow).
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leled the exudation of neutrophils into BAL fluid (Fig-
ure 9).
The TNF protein level in BAL fluid peaked at 2

days after i.v. challenge but at a much lower con-

centration than after i.t. challenge (Figure 10). The
peak IL-6 levels after i.v. challenge, on the other
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hand, were comparable to the IL-6 protein levels
after i.t. challenge (Figure 10).

Chemokine Expression

Whole-lung RNAse protection assay demonstrated
up-regulation of steady-state mRNA expression of
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Figure 10. Af/hr it. itjection of C. pr-vum it sensitized rats, the
iotcreiase it TNI protein in BALflitid is less than aftjer i.t. challceoge.
7NF lfeves it BAL.floiid thbts reflect the relative mtagitutde ofnettrophil
acctumtttlatioo tithbin the bro bchoalveolar space. COi the other hoold,
IL-6protein fetels itn BAL fluid aore comporahle it it'.- ald i.t. -chl-
letnged rats.

CC (MCP-1 and MIP-1ca) and CXC (MIP-2, KC, and
IP-10) chemokines after i.t. challenge with C. parvum

(Figure 11, A-C). The increase in chemokine expres-

sion occurred predominantly at 1 to 3 days after the
i.t. challenge with C. parvum and thus correlated with
the peak of inflammation as documented by histol-
ogy and cell counts in BAL fluid.

Rats challenged with i.v. C. parvum revealed
mRNA up-regulation of CC chemokines (MCP-1 and
MIP-1a) between 1 and 7 days after challenge as

compared with controls (Figure 12, A and B). Up-
regulation of neutrophil chemotactic CXC chemo-
kines (KC and MIP-2) was less prominent than after
i.t. challenge, correlating with the relative paucity of
neutrophilic inflammation. Indeed, MIP-2 mRNA was

not detected at any of the time points examined after
i.v. challenge, and KC expression appeared less
than after i.t. challenge. On the other hand, expres-

sion of IP-10 was as marked as in i.t.-challenged
rats.

Leukocyte and Endothelial Cell Adhesion
Molecule Expression
ICAM-1 expression in the lungs of control rats (Fig-
ure 13A) was demonstrated immunohistochemically
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Figure 11. As demiotstratedbh' RNAseprotectioii aosso.a) C'Cchemtokitle
(MCP-1 aoid MIP- 0), CXC chentokine (MIP-2, KC, ooid IFP10), oaod
adhesioo mooleeole (F- aoodl Pse/ectioi) o1RNAs are expressed itl whole
Imig after- i.t. challektge uith C. paivum iii seoisitized rats. 1hbe llltgs at
dlay 0 w'ere harvested 30 rnioites cafter i.t. challeoige with C. parvoltll.

on alveolar epithelial cells but not, or only faintly, on

alveolar macrophages, as is consistent with previous
immunohistochemical and immunoelectron micro-
scopic studies.20"21 After i.t. challenge of C. parvum,

widespread immunoreactive ICAM-1 was found at
the cell surface of intra-alveolar and interstitial gran-

uloma-forming histiocytes in the lung (Figure 13B).
CD44 immunostaining is detected on the cytoplas-
mic membranes of macrophages in both control and
C. parvum-challenged lungs. The intensity of CD44
immunoreactivity appeared to be somewhat greater
in the granulomas of C. parvum-challenged rats than
on the alveolar macrophages of control rats (Figure
14). E-selectin and P-selectin mRNA expression was
noted by whole-lung RNAse protection assay at days
1 and 2 after i.t. challenge (Figure 11C).
The granuloma-forming histiocytes in i.v.-chal-

lenged rats also demonstrated immunoreactive
ICAM-1 and CD44 expression. Alveolar macro-

phages in i.v.-challenged rats showed little or no

ICAM-1 expression. Whole-lung RNAse protection
assay of P-selectin and E-selectin showed mRNA
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(MCP- I and MIP-1 ), CXC chbemiokinie (KC and IP- /0), anid adhesion
nmolecule (FE- anid P-seectin) miRNAs are expressed in wholeIhing alier
i.v. chalei/4)ge with C. parvum in sensitize'd r-ats.

up-regulation peaking at days 1 to 3 after i.v. chal-
lenge (Figure 12B).

Discussion
The source of antigenic challenge was shown to be
an important factor in the pathogenesis of pulmonary

granulomatous inflammatory disease. An i.t. anti-
genic challenge in sensitized rats reached the lungs
via the airways and caused a predominantly intra-
alveolar lesion similar to EAA, a disease caused in
patients by repeated respiratory exposure to organic
antigens. An i.v. antigenic challenge reaching the
lungs via the circulation caused a predominantly
angiocentric lesion similar to angiocentric sarcoid-
osis. The nature and the source of antigenic chal-
lenge in patients with sarcoidosis remains unknown.
The 2-week interval between sensitization and chal-
lenge with C. parvum was chosen to allow for the
establishment of a cell-mediated immune response.
The kinetics of the granulomatous response that oc-
curred at 2 to 3 days was consistent with the time
course of delayed-type hypersensitivity reactions
such as the tuberculin reaction in humans.

C. parvum has been reported to activate macro-
phages to produce TNF-a in vitro,22 and TNF has
previously been implicated by Chensue and col-
leagues23-25 in the pathogenesis of pulmonary gran-
uloma formation. A role for TNF-a in granulomatous
inflammation has been demonstrated in Schistosoma
mansoni egg-induced granulomatous inflammation
in rats and in SCID mice.2526 A larger increase in
TNF protein in BAL fluid was observed after i.t. than
after i.v. challenge with C. patvum. A greater accu-
mulation of neutrophils in BAL fluids was also noted
after i.t. than after i.v. challenge. The neutrophilic
inflammation that preceded the peak of granuloma-

Figure 13. ICAM-1 immnnnoreactiiitV is present alonig the alveolar epitheliaiin in both saline-in/ectced control rats (A) and i.t. C. parvUnm-challenged
rats (B). The alveolar inacrophages ini conitrol rats shotw, little or nio imminunoreactievity for ICAM- I (open arrowheads). The mnacrophages within the
graniulonias ofC. p.'rvoLnl -treated rats cldeonstrate strolig IC'AAI-1 iimmunoreactivity (solid arrowheads)

4 n 1,
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Figure 14. CD44 immonoreactivity is present in the alveolar mnacrophages ofcontrol rats (A, open arrowheads) as wvell as along the cell membranes
oJPfacrophages in granulomas (B, solid arrowheads). T7he intensity of CD44 immunoreactivity appears g-eater in the epitbelioid macrophages c/f
grianiiulomnas.

tous inflammation after i.t. challenge coincided with
the peak of TNF expression, suggesting a role for
soluble TNF in the recruitment of these neutrophils as

well as in granuloma formation. The BAL IL-6 protein
level in i.v.-challenged rats, however, was not signif-
icantly different than the IL-6 levels after i.t. chal-
lenge.

The participation of CXC (MIP-2, KC, and IP-10)
and CC (MIP-la and MCP-1) chemokines in the
pathogenesis of inflammation was suggested by
mRNA expression as compared with control rats.
The i.v. challenge with C. parvum, like i.t. challenge,
caused mRNA expression of the CXC chemokine
IP-10. IP-10, an interferon-y-inducible CXC chemo-
kine lacking neutrophil chemotactic activity,27 28 has
been localized immunohistochemically in delayed
hypersensitivity reactions elicited in the skin of lep-
rosy patients injected with purified protein derivative
from mycobacterium.29 Up-regulation of other neu-

trophil chemotactic CXC chemokines (MIP-2 and
KC) was not prominent in i.v.-challenged rats, corre-

lating with the paucity of neutrophilic inflammation. In
a rat model of glucan-induced pulmonary granulo-
matous angiitis, Warren and colleagues30 previously
showed the role of MCP-1 by demonstrating an in-
crease in mRNA expression in whole lung and by the
neutralizing effect of anti-MCP-1 antibody. Lukacs et
a131 have reported that MIP-1 a contributes to cellular
recruitment during S. mansoni egg-induced granulo-
matous inflammation. MIP-la expression is in-

creased in the BAL fluid and alveolar macrophages
of patients with hypersensitivity pneumonitis.32

The importance of the adhesion molecule ICAM-1
has been documented in granulomatous as well as
in acute pulmonary inflammation.2533 ICAM-i is con-
stitutively expressed by alveolar epithelium.33 Immu-
nohistochemical staining suggested the induction of
ICAM-1 expression in aggregated macrophages
and histiocytes within granulomas in contrast to the
paucity of staining in the alveolar macrophages in
control rats. The ICAM-1 expression in the histio-
cytes may have been mediated in part by TNF-a,
which is known to induce ICAM-expression.25

The adhesion molecule CD44, a receptor for hy-
aluronic acid (hyaluronan), has been implicated in
leukocyte homing.34 Although pulmonary alveolar
macrophages constitutively express CD44, CD44
immunoreactivity appears increased on the mem-
branes of epithelioid histiocytes within the granulo-
mas of C. parvum-challenged rats as compared with
alveolar macrophages in saline-injected control rats.
Alveolar macrophages undergo CD44-dependent
aggregation by addition of hyaluronan in vitro.34 A
clinical study has shown an increase in hyaluronan in
BAL fluid in farmer's lung (a form of EAA) but not in
asymptomatic farmers.35 The possible role of hyalu-
ronan in EAA suggests a role for CD44 in the intra-
alveolar granulomatous response of EAA.
The expression of adhesion molecules in the se-

lectin family, E-selectin and P-selectin, appeared to
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be increased in the C-parvum-challenged lungs in
both models. E-selectin and P-selectin have both
been previously implicated in the recruitment of neu-
trophils to local sites of acute inflammation including
the lung.3637

In conclusion, i.t. or i.v. C. parvum challenge to rats
immunized with C. parvum causes pulmonary gran-
ulomatous inflammation simulating EAA or angiitic
pulmonary sarcoidosis, suggesting the route of anti-
genic challenge as a pathogenetic factor in these
granulomatous lung diseases in humans. The in-
creased inflammatory activity in the air space and
BAL fluid after i.t. challenge (as compared with i.v.
challenge) is most likely related to the intra-alveolar
expression of alveolar-macrophage-derived proin-
flammatory mediators. The histopathology noted af-
ter i.v. challenge with C. parvum suggests that angi-
itic sarcoidosis may be pathogenetically related to
the vascular dissemination of an unknown antigen in
sensitized patients. The described models may be
useful to study the pathophysiological roles of cyto-
kines, chemokines, and adhesion molecules in EAA
and pulmonary angiitic sarcoidosis.
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