Virchows Arch (1998) 433:375-379 © Springer-Verlag 1998

ORIGINAL ARTICLE

Kuniaki Nakanishi - Fumiko Tajima - Yasuko Nakata
Hiroshi Osada - Katsuhiko Ogata - Toshiaki Kawai
Chikao Torikata - Tatsuko Suga - Kunio Takishima
Takashi Aurues - Tomosumi Ikeda

Tissue factor is associated with the nonbacterial thrombotic endocarditis
induced by a hypobaric hypoxic environment in rats

Received: 6 March 1998 / Accepted: 30 April 1998

Abstract High-altitude hypoxia causes a hypercoagulasacrophages, some fibroblasts, and a few endocardial
ble state. In our previous study on the blood coagulaticglls. TF is associated with the pathogenesis of the
system in rats, nonbacterial thrombotic endocarditi8TE induced by exposure to HHE. The accumulation
(NBTE) developed after 4-12 weeks' exposure to tlé TF-producing macrophages during exposure to HHE
equivalent of 5500 m in altitude. We hypothesized thaay be responsible for initiating thrombus formation.

TF (tissue factor)-producing cells in the cardiac valves

might be induced by the hypobaric hypoxic environmeKey words Cardiovascular disease - Coagulation -

(HHE) and then trigger NBTE. A total of 170 male WiHypoxia - Thrombosis - Valv:'s

star rats were housed in a chamber at the equivalent of

5500 m altitude for 1-12 weeks. We measured TF activi-

ty in the plasma and studied morphological changeslntroduction

the mitral valves using immunohistochemical and im-

munoelectrical methods for TF protein and in situ hyigh-altitude hypoxia is a well-known cause of both
bridization for TF mRNA. After 4 weeks or more of expolycythaemia and a hypercoagulable state in humans
posure to HHE, 28 of the 56 surviving rats had develnd animals [4, 7]. A hypobaric hypoxic environment
oped NBTE. After 4-8 weeks’ exposure to HHE, th@iHE) produced nonbacterial thrombotic endocarditis
plasma TF activity level was significantly higher than i(NBTE) in rats after 4—12 weeks’ exposure to conditions
control rats. There was a significant correlation betweequivalent to an altitude of 5500 m [7]. Our earlier re-
plasma TF activity and the incidence of NBTE. After 4ults suggest that exposure to HHE induces a hypercoag-
weeks’ exposure to HHE, immunoreactivity for TF pradlable state in rats and causes an NBTE that may result
tein was detected in foamy macrophages and stroimatonsumption coagulopathy. However, the pathogene-
cells in the cardiac valves. In rats with NBTE, TF protesis of the NBTE induced by HHE is still unclear.

was present in foamy macrophages and spindle stromaTissue factor (TF) is the major cellular initiator of co-
cells and focally present in the extracellular matrix. T&gulation protease cascades, and it serves as a receptor
MRNA was detected in some foamy macrophages witkind essential cofactor for plasma factors VII/Vila [1, 8].
the thrombus, TF protein was localized to the rough ekberrant expression of TF is associated with a variety of
doplasmic reticulum and plasma membrane of maalnical diseases [6, 9]. In atherosclerosis, the presence
of TF protein in the matrix of the plaque may contribute
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Methods acted with 0.03% 3‘&diaminobenzidine tetrahydrochloride, post-
fixed in 1% osmium tetroxide for 1 h, and embedded in Epon. Ul-

We used essentially the same materials and methods as rep mﬂt f)?e(i:r?gg?aiwgée observed under the electron microscope

previously [7]. Briefly, a total of 170 adult male Wistar rats, ap-
proximately 8 weeks old and weighing 250-350 g, were divid The results are expressed as the meanistandard error of the
into seven groups. Fourteen rats kept in the sea level environ n (SEM). Scheffé’s test was applied to the data when signifi-

: F-ratios were obtained in an analysis of variance (ANOVA).

served as controls. Groups of 13-75 rats were each housed ermore, the correlation between the incidence of NBTE and

agz%oﬁ?\}g[gtngg%g%%cg igh‘;mgg; ((';ggcﬁq?naﬁd-?épgsk?aﬁ sma TF activity was assessed using Pearson’s correlation coef-
1-12 vf/]eeks The oxygen content in the main rgo_om'was masient test with the incidence of NBTE considered as continuous

tained constant at an®, of 0.105 to simulate an altitude of ’
5500m. The age of the rats when exposure to HHE was initiated
was such that all were approximately 20 weeks old at the termina-
tion of the experiment. All rats were given commercial chow aResults
tap water ad libitum. The protocols were approved by the Commit-
tee on the Ethics of Animal Experiments in the Aeromedical LaB\-ft
oratory, Japan Air Self-Defense Force. er 4 weeks or more of exposure to HHE, 28 of the 56
Aﬁﬁr 1,p2, 4, 6, 8, and 12 weeks of exposure to HHE, blo&dirviving rats studied here had developed NBTE. The in-
samples were drawn from the right heart during anaesthesiagidence of NBTE at 4, 6, 8, and 12 weeks of exposure to
duced by an intramuscular injection of ketamine hydrochloride (f§HE \was 33% (5/15 rats), 29% (5/17), 65% (11/17), and
mg/kg body weight) before autopsy, and put into plastic tubes <909 / ivel
taining anticoagulants. % (717), respec'flve Y- S
The heart was removed from each rat autopsy and dissectedAfter 4-8 weeks’ exposure to HHE TF activity in the
Any vegetation on the valves was macroscopically examingglasma (maximal level: 1419+28jg/ml HPT at 4
Complete necropsy was then performed. For histological study.gbeks) was significantly higher than the level detected in

the parts of the various organs taken from each rat were fixed = . -
arately in 10% formalin. Some cardiac tissues, including the mift%?ntrol rats (65+241g/ml HPT; P<0.05; Fig. 1). There

valves from 3 rats, were fixed in periodic lysine-paraformaldehyd$2s @ significant correlation between the plasma TF ac-
(PLP) solution for subsequent immunoelectrical study. tivity and the incidence of NBTEP£0.009).
Plasma samples were assayed in duplicate for TF activity usingExamination of the immunoreactivity for TF protein

a spectrophotometric method with the chromogenic synthetic sub- ini i
strate (S-2765) [3]. A mixture of plasma from the normal hum%r? control rats revealed weak staining of myocardial

pool of plasma and TF derived from human placental tiss§g!lS; Put such staining was not detected in the ,endocar'

thromboplastin (HPT: Behringwerke) was used as a TF-positidéal and stromal cells of the valves. After 1 week’s expo-

standard control. sure to HHE, significant immunoreactivity for TF pro-
For immunohistochemistry, the indirect immunoperoxidasgin was already detectable in a few foamy macrophages

method was applied to deparaffinized sections. A primary rab :
polyclonal antibody against TF (American Diagnostica; dilut I'I'd stromal cells, and a small proportion of the extracel-

1:20) and a horseradish peroxidase-labelled secondary antibod/tgr matrix within the valves (Fig. 2a). In rats with
rabbit immunoglobulins (Chemicon International; diluted 1:250NBTE following 4-12 weeks of HHE, TF protein was

were used for this purpose. g‘&)sitive in many foamy macrophages, some spindle stro-

For in situ hybridization, deparaffinized sections were treat ; ;-
with 0.2 N HCI for 20 min, then incubated in 2xSSC for 10 min al cells and a few endocardial cells, and focally posi

37° C, and finally incubated in 46g/ml proteinase K for 10 min tV€ in the extracellular matrix in the thrombus (Fig. 2b).
at 37° C. Sections were subsequently postfixed in 4% paraformal-In rats with NBTE after 4 weeks’ exposure to HHE,
dehyde for 5 min, then incubated for 10 min in 0.1 mol/l triethdF mMRNA was detected in foamy macrophages in the

nolamine buffer, pH 8.0, containing 0.25% (vol/vol) acetic anhyhrombus (Fig. 2c), but it was not detected in the cardiac
dride to prevent nonspecific binding due to oxidation of the tissue, ’

The rat TF cDNA probe (prat TF 2375) was a 772-bp fragme\(@lves of either control rats or HHE rats after 1-2 weeks
subcloned into the EcoR1 site of pGEM-9Z (Promega; a kind g@Kposure to HHE.
from Dr. N. Mackman, Departments of Immunology and Vascular
Biology, The Scripps Research Institute, La Jolla, Calif.). An anti-
sense probe and the corresponding sense probe were labelled with
digoxigenin using SP6 and T7 polymerase, respectively, by means
of an RNA labelling kit (Boehringer Mannheim). Hybridization
was carried out overnight at 42° C in 50% (vol/vol) deionized
formamide, 5x Denhardt's solution, 5% (wt/vol) dextran sulfate,
2x SSC, 0.3 mg/ml salmon sperm DNA, 5 mM ethylenediamine-
tetraacetic acid (EDTA), and 0.0fg/ml digoxigenin-labelled
probes. After a final stringency wash had been carried out at 37° C
in 2x SSC for 10 min, hybridization was detected immunohisto-
chemically. Sections were then incubated with a monoclonal anti-
body to digoxigenin (Boehringer Mannheim) followed by rabbit
anti-mouse immunogloblin, an APAAP complex (Dakopatts), and
a nitroblue tetrazolium substrate solution.

For immunoelectron microscopy, immunostaining for TF pro- 0- 0 2 4 6 & 10
tein was again performed by the indirect antibody method. After
immersion in 10% nonimmunized goat serum, frozen sections 6 Hypobaric period (weeks)
mm thick were incubated first with anti-TF antibody for 24 h at 4°
C, and then overnight with the horseradish-peroxidase labellgd. 1 Activity of tissue factor (TF) using a spectrophotometric
Fab fragment of the secondary antibody (Amersham; dilutetethod. TF derived from human placental tissue thromboplastin
1:50). After fixation in 1% glutaraldehyde, the specimens were I#4PT) was used as a TF-positive standard controp<6.05)

2000-

—_ %

1500+ T J.

—
—i %

1000- l [

500+ J

Tissue factor activity (ug/mt HPT)



Fig. 2a—c Expression of TF
protein and TF mRNA in mitral
valve after exposure to a hypo-
baric hypoxic environment
(HHE). a Mitral valve after 1
week's exposure to HHE.
Staining is present in a few
macrophagesafrows) and stro-
mal cells émall arrowheajl

and a small amount of the ma-
trix (large arrowheady Bar
100pum. b Mitral valve throm-
bus after 4 weeks’ exposure to
HHE, showing TF protein in
macrophagesafrows) and stro-
mal cells émall arrowheads
and focally in the extracellular
matrix. Bar 100pum. c A sec-
tion hybridized with an anti-
sense probe for rat TF mRNA:
foamy macrophagesirow-
head$ in the thrombus formed
after 4 weeks’ exposure to
HHE show the signal for TF
mRNA. Bar 50 um
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Fig. 3a, b Immunoelectron
micrograph of thrombotic le-
sion of mitral valve stained for
TF. Tissue was taken from rats &
after 4 weeks’ exposure to
HHE. a TF protein is distribut-
ed throughout the cytoplasm,
particularly on the rough endo- §
plasmic reticulumdrrows),

and on the plasma membrane
of foamy macrophage$A) and
in the cytoplasm of some fibro-
blasts F). Bar 6 um.b TF pro-
tein can be seen in the cyto-
plasm, particularly on the
rough endoplasmic reticulum
(arrows), and on the plasma
membrane of macrophaged)(
and of one endocardial cel),
Bar 2 um

© =

Immunoelectron micrography revealed that TF prgjscussion
tein was distributed throughout the cytoplasm, particular-

ly on the rough endoplasmic reticulum, of foamy macremqogical activation of coagulation is the key feature
phages, and also on their plasma membrane (Fig. ‘3‘

Ebrobl d ¢ q dial I Ii thrombotic disease. As a potent initiator of caogulat-
Some fibroblasts and a few endocardial cells algg, Tr is pelieved to have a critical role in haemostasis
showed TF protein in patches in the cytoplasm.

and thrombogenesis. However, no previous study has in-
vestigated the relationship between TF and the pathogen-
esis of NBTE, particularly in the early stages of NBTE.
In our previous experiment on rats exposed to HHE for
up to 12 weeks, we demonstrated NBTE after 4 weeks’
exposure. In the present study, TF activity in the plasma
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increased greatly after exposure to HHE, and it showelralization procedure may be not sufficiently sensitive to
significant correlation with the incidence of NBTE. Tkletect the expression of TF mRNA because of our use of
protein was found in foamy macrophages and stronfi@atmalin-fixed paraffin-embedded tissues. In addition,
cells of cardiac valves in the early stages of NBTBe have to consider the possibility that the levels of TF
Moreover, TF mRNA was detected in foamy macr@nRNA in these cells may be too low to be detected by
phages in rats with NBTE. In the light of these resuligoxigenin-labelled probes.
we suggest that TF is associated with the pathogenesis dfinally, TF production by macrophages and stromal
the NBTE induced by exposure to HHE, and that tleells was localized to within the mitral valve at an early
macrophages and stromal cells that produce TF after gtage of NBTE, suggesting that the pathogenesis of
posure to HHE may be candidates for the role of tNBBTE may be triggered by TF expression in the paren-
cell(s) responsible for initiating thrombogenesis in trehyma of the valve. Furthermore, we found that the TF
this type of NBTE. activity in the plasma increased more than 20-fold in the
The results of our study also support previous suggésst 4 eeks of HHE. This increase in plasma TF activity
tions that TF has a major functional role in contact actiray be the result of increased functional activity of TF
vation pathways in haemostasis and thrombogenegsi®ne or more organs. In fact, TF is widely expressed in
[1,8]. TF does not appear to be present in the cardihe extravascular cells of many tissues, and it is particu-
valves of normal rats or in the putative site of contact darly abundant in brain and lung [2]. For this reason,
tivation under normal conditions [10]. When the detachiore research is needed to reveal the effects of HHE on
ment of endocardial cells from the mitral valve waBF in the various organs of the body.
found after 1 week’s exposure to HHE, TF protein was
already induced in macrophages and stromal cells unfefnowledgements This research was supported in part by a
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under normal conditions, they can be induced to exprassuscript.

TF in vitro by a variety of stimuli [6, 9]. Furthermore,

one recent study demonstrated thrombosis in murine pul-

monary vessels after 8 h exposure to normobaric hypoﬁﬁerences

(oxygen tension, 6%), and the authors suggested that
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