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Abstract. Pyrrolizidine monocrotaline (MCT) from plant seed produces pulmonary endo- 
thelial cell injury, pulmonary hypertension, and inflammation in rats, providing a useful 
animal model for studying progressive pulmonary vascular disease. Kininogen is the 
precursor of proinflammatory kinins and may also exert anti-inflammatory actions by 
inhibiting cysteine proteinases. Given the potential roles of kininogen in vascular injury 
and inflammation, we have investigated the regulation of kininogen gene expression in 
the MCT-induced pulmonary hypertensive rat model. Sprague-Dawley rats, in groups of 
six, were given a single subcutaneous injection of monocrotatine (60 mg/kg body wt) 
and sacrificed 10 and 20 days later. Northern blot hybridization using a kininogen cDNA 
probe showed kininogen gene expression in the liver, lung, and kidney. MCT treatment 
induced a time-dependent increase in kininogen mRNA levels, whereas it reduced rat 
a,-antitrypsin and kallikrein-binding protein mRNA levels in the liver. Similarly, kininogen 
mRNA levels were low in the normal lung and were increased 7.5- and 13.7-fold, 
respectively, after MCT injection for 10 and 20 days. lmmunoreactive kininogen levels 
in perfused liver and lung extracts of rats receiving MCT injection increased up to 20- 
fold, as measured by a T-kininogen radioimmunoassay. Western blot analyses showed 
that a 68-kilodalton immunoreactive kininogen increased in the serum and lung extracts 
of MCT-treated rats compared to those in the control rats. In control rats, immunostaining 
for kininogen in the lung was most marked in venous endothelial cells and alveolar 
macrophages. After MCT treatment, staining for kininogen increased dramatically 
throughout the lung tissues, often covering the epithelial surfaces of alveoli and bronchi. 
The present studies have shown that the toxin MCT altered the synthesis and distribution 
of pulmonary kininogen and suggest that the kininogen/kinin system may be associated 
with the pulmonary vascular injury, remodeling, and inflammation seen in this animal 
model. [P.S.E.B.M. 1993, Vol2031 

Mo=' causes 

Laline (MCT), a pyrrolizidine alkaloid 
plant seed (Crotalaria spectabilis), 
lung injury, with pulmonary edema, 

inflammation, and progressive pulmonary hyperten- 
sion, in rats (1-3). Time-course studies indicate that 
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the lung injury and edema occur relatively early after 
MCT administration, whereas the progressive hyperten- 
sive pulmonary vascular injury, remodeling, and pul- 
monary hypertension become apparent later (4). Since 
the pathology of hypertension and inflammation in rats 
mimics symptoms seen in humans, the MCT-induced 
pulmonary hypertension in rats serves as a useful ani- 
mal model for chronic pulmonary vascular diseases in 
humans. 

The mode of action of MCT in producing pulmo- 
nary hypertensive disorders is not clear. Many studies 
have documented altered levels of potential mediators 
of lung injury and inflammation, such as interleukin- 1 
and polyamines (5, 6). Further, angiotensin-converting 
enzyme activity in the lung, but not in the serum, is 
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significantly reduced in rats with pulmonary hyperten- 
sion produced by subcutaneous injection of monocro- 
taline (7). Altered elastase and collagen synthesis have 
been shown to be associated with MCT-induced vas- 
cular alteration and pulmonary hypertension (8). The 
fate of vasoactive autacoids in the pulmonary circula- 
tion has also been shown to be altered after MCT- 
induced lung vascular injury in rats (9). In addition, 
structural alterations in the pulmonary vascular endo- 
thelium have been observed in both experimental 
models of pulmonary hypertension (10) and clinical 
studies ( 1  1). Given the role of the kininogen-kinin 
system in vascular homeostasis and inflammation, we 
investigated the potential association of the kininogen- 
kinin system with MCT-induced pulmonary injury. 

Kininogens, which have multifunctional domains, 
serve as kinin precursors, cysteine proteinase inhibitors, 
blood coagulation cofactors, and acute phase proteins 
( 12). Kininogens are potent cysteine proteinase inhibi- 
tors and may enhance wound healing by inhibiting 
lysosomal proteinases and, therefore, play a protective 
role in tissue injury during acute phase inflammation. 
Additionally, they may act as proinflammatory agents, 
as they are precursors of kinin peptides. There are three 
distinct forms of kininogen: (i) high molecular weight 
(HMW) kininogen; (ii) low molecular weight (LM W) 
kininogen (K-kininogen), both transcribed from a sin- 
gle gene ( 1  3); and (iii) T-kininogen (another LMW 
kininogen), which has been identified as an acute phase 
protein in the rat (14). Kinin peptides have a broad 
spectrum of biological activities, including vasodilata- 
tion, vasoconstriction, increased vascular permeability, 
smooth muscle contraction, ion transport, cell prolif- 
eration, pain production, and inflammation (1 5) .  The 
kininogen-kinin system has been linked to several path- 
ophysiological conditions, including secondary vascular 
changes in experimental brain injury (16), and recent 
studies in a rat spinal cord injury model showed in- 
creased accumulation of kininogen and its conversion 
to proinflammatory kinins in the traumatized tissues 
t 17). 

To further understand the regulation and function 
of kininogens in vivo, we have purified kininogens from 
various species ( 1 8), developed specific polyclonal and 
monoclonal antibodies ( 19, 20), and isolated cDNA 
clones encoding rat and human kininogens from cDNA 
libraries (21). These protein and cDNA reagents have 
been used as probes to study the regulation of kininogen 
gene expression by hormones and drugs (22). In the 
present studies we show by Northern blotting, Western 
blotting, direct radioimmunoassay (RIA), and immu- 
nohistochemistry, that MCT administration induces 
kininogen gene expression in the liver and lung, and 
results in tissue redistribution of pulmonary kininogen. 

Materials and Methods 
Animal Treatment and Tissue Extract Prepara- 

tion. Sprague-Dawley rats (male, 200-250 g body wt), 
in groups of six were injected subcutaneously with 
phosehate-buffered saline (control) or a single dose of 
MCT (60 mg/kg). After 10 or 20 days, the rats were 
anesthetized with pentabarbitol (50 mg/kg). The heart 
was exposed, and 5 ml of blood were withdrawn. Hep- 
arin ( 100 units/rat) was injected into the left ventricle. 
After 30 sec, the vena cava was cut, and the circulation 
was perfused via cardiac puncture through the left 
ventricle with at least 30 ml of normal saline until 
tissues appeared blood free. Perfused tissues were used 
for the protein assay, RNA extraction, and immuno- 
histochemical studies. Tissues were removed, minced, 
and homogenized in phosphate-buffered saline (pH 7.3) 
at 4°C. Homogenates were centrifuged at 600g for 20 
min at 4"C, and the supernatant was treated with 
deoxycholate (0.5%, w/v) for 30 min at room temper- 
ature. The supernatants were collected after centrifu- 
gation at 20,OOOg for 30 min at 4"C, and protein 
concentrations were determined by the method of 
Lowry et al. (23), using bovine serum albumin as the 
standard. 

Kininogen RIA. Kininogen levels were measured 
by a direct RIA, as described previously (20). Briefly, 
purified T-kininogen ( 5  pg) was labeled with 1251 using 
a lactoperoxidase method, and the labeled T-luninogen 
was separated from the reaction mixture with a Seph- 
adex G- 100 column. In the antibody titration curve, T- 
kininogen antiserum dilutions in the assay buffer 
ranged from 1 : 1,000 to 1 :640,000. One hundred micro- 
liters of '251-labeled T-kininogen ( 10,000 cpm/ 100 p1) 
and 100 p1 of antibody in the assay buffer were added 
to 200 p1 of assay buffer, bringing the final volume to 
400 111. The assay mixtures were incubated at room 
temperature for 1 8 hr. Antibody-bound T-kininogen 
was separated from free T-kininogen through centrifu- 
gation in an optimum combination of polyethylene 
glycol and bovine y-globulin. The final antiserum di- 
lution was 1:480,000, and the standard ranged from 
160 pg to 20 ng. 

Western Blot Analysis. Aliquots of rat serum (1 
pl) or lung tissue extract (50 pg of protein) were mixed 
with an equal volume of extraction buffer containing 
0.125 A4 Tris-HC1 (pH 6.8), 30% (v/v) glycerol, 5 %  
sodium dodecyl sulfate (SDS), and 40 mM dithiothrei- 
tol, and the mixture was heated to 100°C for 5 min 
before electrophoresis. SDS-polyacrylamide gel electro- 
phoresis was performed in a 7.5-15% gradient gel in 
Tris-glycine buffer, pH 8.8. Proteins were then electro- 
phoretically transferred onto nitrocellulose membrane 
using a Trans-Blot cell (Bio-Rad, Richmond, CA). The 
immunoblotting procedures were similar to those de- 
scribed previously using rabbit antirat T-kininogen 
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Figure 2. Northern blot analysis of kininogen mRNA in control and 
MCT-treated Sprague-Dawley rats. Kininogen mRNA levels were 
probed with a kininogen cDNA probe. (Left panel) Lung RNA (50 pg). 
(Right panel) Liver RNA (1 0 pg). (Lane 1) Control rat; (lane 2) 10 days 
after MCT injection; (lane 3) 20 days after MCT injection. Exposure 
time, 24 hr. 

Figure 1. Northern blot analysis of kininogen mRNA in normal liver, then minced and homogenized with a Polvtron (1 min) " 
kidney, and lung using a LMW K-kininog& cDNA probe. (Lane 1) 
Liver RNA (10 pg); (lane 2) kidney RNA (50 pg); (lane 3) lung RNA 
(50 Da). ExDosure time. 48 hr. Note. the results of Fiaures 1 and 2 

in GIT buffer (4 M guanidine thiocyaiate, 25  & 
sodium acetate, and 0.1 M 2-mercaptoethanol). The . ." ,  " -  

were obtained using different batches of RNA samples from the 
Control untreated rats. We have purposedly overexposed this auto- 
radiogram to detect the low level of kininogen expression in the 
kidnev. 

homogenate was ultracentrifuged (1 74,OOOg at 20°C for 
2 1 hr) Over a cesium &loride discontinuous gradient 
(5.7 M CsCl and 25 mM sodium acetate). The resulting 

antiserum (22). Briefly, the nitrocellulose filter was 
blocked with BLOTTO ( 5 %  [w/v] dry milk in 0.01 M 
phosphate [pH 7.41, 0.14 M NaCl, 1 pM para-amidi- 
nophenylmethylsulfonylfluoride, 1 mg/liter thimerosal, 
200 mg/liter NaN3, and 0.0 1 % antifoam A) for 1 hr at 
30°C and then incubated with rabbit antirat T-kinino- 
gen antiserum (1:250 in BLOTTO). After a 3-hr incu- 
bation at 30°C with gentle shaking, the nitrocellulose 
membranes were washed three times with BLOTTO 
and then incubated with 1'51-labeled T-kininogen 
(250,000 cpm/ml) for 1.5 hr at 30°C. The nitrocellulose 
membranes were washed three times with BLOTTO 
and once with phosphate-buffered saline (0.01 M so- 
dium phosphate and 0.14 M NaCl, pH 7.4), dried, and 
exposed to Kodak X-Omat film (Eastman Kodak, 
Rochester, NY). 

RNA Extraction. Liver or lung was removed after 
perfusion with normal saline, as described above, and 

RNA pellet was dissolved in diethyl pyrocarbonate- 
treated water, and the RNA concentration was deter- 
mined in a spectrophotometer by absorbance at 260 nm. 

cDNA Probe Preparations. Cloning of a rat kini- 
nogen cDNA was described by Chao et al. (21). A 
double-stranded kininogen cDNA insert, about 1 200 
base pairs in length, was prepared from M13 mp18 
DNA by restriction digestion (EcoRI/BarnHI), fol- 
lowed by agarose gel electrophoresis and electroelution. 
Rat (Y l-antitrypsin and kallikrein-binding protein 
cDNAs were prepared as described previously (24, 25). 
The cDNA probes were labeled with 32P (New England 
Nuclear Research Products, Boston, MA), using a 
nick-translation kit (Bethesda Research Laboratories, 
Gaithersburg, MD) according to the procedures rec- 
ommended by the supplier. Unincorporated label was 
removed using a spin column (G-50, Gibco/Bethesda 
Research Laboratories, Grand Island, NY), and the spe- 
cific activity of each probe was around 1-2 x 1 O8 cpm/ 
pg DNA. 
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Kininogen a1 -antitrypsin RKBP 

Figure 3. Northern blot analysis of liver mRNA for kininogen, al- 
antitrypsin, and rat kallikrein-binding protein (RKBP) in MCT-treated 
rats. (Left panel) Liver RNA (10 pg) was probed with a kininogen 
cDNA probe. (Middle panel) Liver RNA (10 pg) was probed with an 
al-antitrypsin cDNA probe. (Right panel) Liver RNA (10 pg)  was 
probed with a RKBP cDNA probe. (Lanes 1) Control rat; (lanes 2) 10 
days after MCT injection; (lanes 3) 20 days after MCT injection. 

Northern Blot Analysis. Total RNA from liver or 
lung was denatured in a solution containing 1 x MOPS 
buffer ( 5  x MOPS buffer = 0.1 M MOPS [pH 7.01, 20 
mM sodium acetate, and 0.5 mM EDTA), 50% form- 
amide, and 2.2 M formaldehyde at 65°C for 15 min. 
Denatured RNA samples were resolved in a 1.5% aga- 
rose gel containing 2.2 M formaldehyde in 1 x MOPS 
buffer. The gel was run at 100 V with constant voltage 
for 2 hr. RNA was visualized by ethidium bromide 
staining and was transferred to an Immobilon-N mem- 
brane according to the protocols suggested by the man- 
ufacturer. The blot was baked at 80°C for 2 hr and 
prehybridized with a solution containing 6 x SSC ( 1  x 
SSC = 0.15 M NaCl and 0.0 15 M sodium acetate), 5 x 
Denhardt's solution (50 x Denhardt's solution = 1 % 
Ficol, 1 % polyvinylpyrrolidone, and 1 % bovine serum 
albumin), 0.5% SDS, and 100 pg/ml herring sperm 
DNA at 60°C for 2 hr. Nick-translated cDNA probes 
(kininogen, al-antitrypsin, and kallikrein-binding pro- 
tein) were added to the solution at a final concentration 
of 3 x lo5 cpm/ml, and hybridization was carried out 
for 12 hr at 60°C. The blot was washed to a final 
stringency of 0.5 x SSC-0.1% SDS at 60"C, and auto- 
radiography was carried out with an intensifying screen 
at -80°C. Autoradiographs (Kodak XAR-5 film) were 
obtained and quantified by densitometry. 

Immunocytochemistry. Small pieces of the tissues 
to be used for biochemical analyses were taken for light 
microscopic immunocytochemistry and processed by 

standard procedures, summarized as follows. Tissues 
were fixed by immersion in calcium-acetate-buffered 
formalin, dehydrated in graded alcohols, and embedded 
in Paraplast. Five-micron sections were cut, and im- 
munocytochemistry was performed using an indirect 
immunoperoxidase method, summarized as follows. 
Rehydrated tissues were incubated in primary antibody 
(rabbit antirat T-kininogen) at dilutions ranging from 
1:50 to 1: 100, either for 2 hr or overnight, followed by 
0.5-hr incubation in peroxidase-conjugated goat anti- 
rabbit immunoglobulin (Cappel/Organon Chemical, 
Durham, NC). Color was developed using a 3,3'-dia- 
minobenzidine incubation with H202 in 0.05 M Tris 
buffer, followed by a brief (1-sec) dip in 1 % Os04. 
Sections were rinsed carefully in phosphate-buffered 
saline between each step, then dehydrated and mounted 
in Permount. Normal serum controls consisted of sub- 
stituting either normal rabbit serum obtained commer- 
cially or a preimmune serum, for the primary antiserum 
at the same dilutions, i.e., 1:50 or 1:lOO in the initial 
incubation step. 

Statistical Analysis. Data are expressed as the 
mean k standard error of the mean. Differences were 
assessed by analysis of variance. Differences were con- 
sidered significant at a level of P < 0.05. 

Results 
Tissue-Specific Expression of the Kininogen 

Gene. Tissue-specific expression of the kininogen gene 
in the rat was analyzed by Northern blot analyses using 
a kininogen cDNA probe. LMW kininogen transcripts 
were identified as a 1.6-kilobase mRNA expressed in 
liver, kidney, and lung (Fig. 1). Liver displayed the 
highest level of kininogen mRNA (lane 1 )  and is the 
major site of kininogen synthesis. Kininogen mRNA in 
the kidney was barely detectable by the kininogen 
cDN A probe (lane 2), whereas lung expressed moderate 
levels of LMW kininogen mRNA (lane 3) .  kninogen 
mRNAs were not detected in other tissues under these 
experimental conditions (data not shown). 

MCT-Induced Kininogen Gene Expression in 
Lung and Liver. Northern blot hybridization showed 
that 10 and 20 days after a single injection of MCT, 
kininogen mRNA levels in lung increased 7.5- and 
13.7-fold, respectively (Fig. 2, left panel). The autora- 
diograms were quantified by densitometry. Similarly, 
the LMW kininogen mRNA levels in liver after 10 and 
20 days of MCT treatment increased 10.4- and 14.3- 
fold, respectively (Fig. 2, right panel). In contrast, when 
the same blot was stripped and reblotted with an aI- 
antitrypsin (24) or rat kallikrein-binding protein (25) 
cDNA probe, MCT administration resulted in a slight 
decrease in both a. ,-antitrypsin and kallikrein-binding 
protein mRNA levels in the liver (Fig. 3, middle and 
right panels). The results clearly indicate that MCT 
specifically induces kininogen gene expression in both 
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Log-Logit Transformation of the Kininogen Standard Curve 

I I I I I I 

0.16 092 0.64 1.25 2.5 5 10 20 

Klnlnogen (nghube) 
Figure 4. Log-logit transformation of a typical RIA standard curve of rat kininogen (A), serial dilutions of normal rat lung extract (M). B/BO is 
the amount of bound radioactivity in the presence divided by that in the absence of unlabeled kininogen, using rabbit antirat kininogen antiserum. 
The ratio is expressed as a percentage. 

Table 1. Effect of MCT on Kininogen Levels in Rat Serum, Lung, and Liver 
~~ 

lmmunoreactive kininogen 

Lung Liver 

Days Serum (pg/mg of protein) 
postinjection W m I )  

Treat men t 

Vehicle 20 332 f 19 0.8 f 0.1 0.32 f 0.10 
MCT 10 989 f 164' 6.2 f 2.3" 0.65 f 0.12b 
MCT 20 2750 f 941 a 16.0 f 3.gb 1.13 f 0.17' 

Kininogen levels were measured by a direct RIA. Values shown are the mean k standard error (n = 6) in each group. 
a P < 0.05 vs. control rats. 

P < 0.01 vs. control rats. 

lung and liver, but has no significant effect on the 
expression of two other hepatocyte proteins, rat al- 
antitrypsin and kallikrein-binding protein. 

MCT-Induced Kininogen Levels in Sera, Lung, 
and Liver. Using a direct RIA developed for rat T- 
kininogen (20) (which measures both LMW T- and K- 
kininogens), we detected immunoreactive kininogen in 
perfused lung extracts. A log-logit transformation of 
kininogen RIA, using a serial dilution of the lung tissue 
extracts, showed parallelism to the standard curve of 
purified T-kininogen in the direct RIA (Fig. 4). The 
results indicate immunological identity between pul- 

monary kininogen and rat LMW kininogen. Table I 
shows the effect of MCT administration on kininogen 
levels in serum, lung, and liver. Kininogen levels in 
serum increased 3- and %fold after a single injection of 
MCT for 10 and 20 days, respectively. Qninogen levels 
in lung increased 7- and 20-fold, respectively, after 10 
and 20 days of MCT administration. Similarly, kini- 
nogen levels in liver increased 2- and 4-fold, respec- 
tively, after MCT treatment for 10 and 20 days. 

Western Blot Analysis of lmmunoreactive Kini- 
nogen in Lung. In Western blot analysis using a specific 
antigen overlay method, antibody against rat T-kini- 
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arteries; such nonspecific mast cell staining is not un- 
common, but it underscored an increased prevalence 
of mast cells in lungs of MCT-treated animals. 

Discussion 
This is the first study to demonstrate that rat LMW 

kininogen gene expression is induced in the rat lung, 
and that its pulmonary localization is abnormal 20 days 
after a single injection of MCT. Tissue-specific expres- 
sion of kininogen in normal Sprague-Dawley rats was 
identified in the liver, lung, and kidney by Northern 
blot analysis. The induction of kininogen gene expres- 
sion in the lung by MCT is time dependent, as shown 
by Northern blot analysis, RIA, and Western blot. 
Using a polyclonal T-kininogen antibody for immu- 
nocytochemistry, we also localized kininogen in the 
lung and found that its tissue distribution is altered 
after MCT treatment. 

In Northern blot analysis using a 1200-base pair 
kininogen cDNA probe, we found that LMW kininogen 
gene expression in lung and liver is induced after MCT 
injection. Since rat LMW kininogens (K- and T-kini- 
nogens) share a high degree of sequence identity (26), 
and their cDNAs cross-react, we could not distinguish 
which species of kininogen mRNA (K- or T-kininogen) 
is induced by MCT using a kininogen cDNA probe. 
Similarly, the antibody to rat T-kininogen can recog- 
nize K-kininogen in the tissue extracts. Our previous 
studies showed that acute inflammation induced by the 
administration of endotoxin in rats exhibited a time- 
dependent increase in rat (Y, -antitrypsin mRNA levels, 
while the same treatment reduced rat kallikrein-binding 
protein (27). The results indicated that the effect of 
MCT on kininogen gene expression in lung and liver is 
specific and is not ascribed to a general inflammatory 
phenomenon. 

MCT administration has been shown to injure lung 
and kidney in addition to liver (28). Kininogens may 
participate in blood pressure homeostasis and inflam- 
mation as both precursors of potent vasoactive kinin 
peptides and cysteine proteinase inhibitors. The present 
finding that kininogen gene expression is induced in 
the lung after MCT-induced pulmonary vascular injury 
in a time-dependent manner suggests the possibility of 
a role for kininogen in this pulmonary hypertensive rat 
model. 

The immunohistochemical results indicate that 
kininogen in normal lung is restricted to two sites: 
vascular endothelium and alveolar macrophages. The 
most intense staining was in the endothelium of small 
and medium-sized veins, as judged by two criteria: 
morphology and distribution. Veins had little or no 
smooth muscle in their walls, and they tended to be 
separated from bronchioles, whereas arteries had a mus- 
cular media and were found in the same stromal 
compartments as bronchioles. After MCT-induced pul- 

Figure 5. Western blot analysis of kininogen levels in rat lung and 
serum after MCT administration. Rat serum (1 pl) or lung extract (50 
pg) was electrophoresed in a linear gradient (7.5-1 5%) polyacryl- 
amide gel containing 0.1 O/O SDS and transferred to nitrocellulose. The 
blot was incubated with kininogen polyclonal antibodies, followed by 
'251-labeled kininogen. (Lanes 1) Normal rat samples; (lanes 2) 10 
days after MCT injection; (lanes 3) 20 days after MCT injection. M.W., 
Molecular weight. 

nogen recognizes a 68-kilodalton kininogen in serum 
and lung extracts (Fig. 5 ,  lanes I ) ,  and the immunore- 
active kininogen levels in both serum and lung were 
increased 10 days (Fig. 5 ,  lanes 2 )  and 20 days (Fig. 5 ,  
lanes 3) after MCT treatment. The results are consistent 
with those determined by RIA (Table I). 

Effect of MCT on Cellular Localization of Kini- 
nogen in Lung: In sections of lung from animals not 
injected with MCT, staining for kininogen was most 
obvious in endothelium of blood vessels and in cells 
within alveoli, presumably macrophages. The endothe- 
lium of both small and medium-sized veins stained 
especially intensely (Fig. 6a); the endothelium of me- 
dium-sized arteries was often stained, although not as 
intensely. Staining in capillary endothelium was seen 
only in a patchy distribution, but normal serum control 
sections exhibited virtually no staining (not shown). 

In lung sections from MCT-injected animals, im- 
munostaining for kininogen was much more intense 
and widely distributed than in sections from nonin- 
jected animals (Fig. 6b). Staining appeared to be present 
in virtually all blood vessels and even coated alveolar 
surfaces. In addition, staining for kininogen was seen 
in the connective tissue stroma surrounding bronchi- 
oles and blood vessels. Control sections (that is, sections 
incubated with normal rabbit serum in place of antiki- 
ninogen antiserum) from MCT-treated animals exhib- 
ited staining in mast cells around bronchioles and 
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Figure 6. Lungs, stained for kininogen (rabbit anti-T-kininogen, 1 : 1 00 dilution); x600 magnification. (a) Control rat, illustrating two immunore- 
active blood vessels (V) in septa between alveoli (A). In addition to the staining in vascular endothelium, alveolar macrophages (arrow) are 
highly immunoreactive. (b) Rat injected with MCT 20 days previously. In addition to intense intravascular staining (V), alveolar surfaces were 
often covered with immunoreactive material, and alveolar macrophages (arrows) appear increased in number. In addition, inflammatory cells 
(*), including lymphocytes, macrophages, and mast cells have accumulated in thickened vascular walls. 

monary damage, two changes in kininogen distribution 
were evident. First, an increased intensity of staining in 
vascular channels and pulmonary macrophages was 
obvious. Secondly, kininogen often covered the alveolar 
surface. This latter localization could result from either 
discharge of kininogen from alveolar macrophages or 
leakage of kininogen through damaged endothelial 
cells. The increase in stromal mast cells after MCT 
treatment could result in increased vascular permeabil- 
ity in these regions. 

The finding that the kininogen gene is expressed in 
the lung and that its synthesis and localization in the 
lung are altered after MCT administration implicate 
kininogens in certain forms of lung injury, remodeling, 
and/or pulmonary hypertension. Kininogen, as a cys- 
teine proteinase inhibitor, may participate in preventing 
the activation of such inflammatory cells as polymor- 
phonuclear leukocytes and platelets, thus protecting 
endothelial cells from inflammatory insults. The anti- 
inflammatory action of kininogen can be eliminated if 
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the molecule undergoes proteolytic cleavage by protein- 
ases, releasing peptides that include proinflammatory 
kinins. The role of kininogen and kinin in the lung 
injury and tissue remodeling remains to be elucidated. 

This work was supported by National Institute of Health Grants 
HL-29397 and DE-0973 1. 
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