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Regulation oftissuefactor (TF) gene expression
was studied in vivo employing a murine model
system. In untreated mice, TFmRNA was detected
in brain, lung, kidney, and heart by Northern blot
analysis. After administration oflipopolysaccha-
ride, steady-state levels of TF mRNA were un-

changed in brain, decreased in heart, and in-
creased in both kidney and lung. In the brain,
Bergmannglia within the Purkinje cel layer ofthe
cerebelum and neuroglia within the cerebral cor-
tex expressed TF mRNA by in situ hybridization.
Epidermal ceUs of the skin and tongue also ex-

pressed TF mRNA. At present, we have not iden-
tified the ceU type(s) in the kidney and lung re-

sponsible for increased TF gene expression.
These results demonstrate tissue- and ceU-
specific TFgene expression in vivo. Lipopolysac-
charide-mediated increases in TF expression in
the kidney and lung may promoteflbrin deposi-
tion in these organs during Gram-negative
sepsis. (AmJPatbol 1993, 143.:76-84)

Tissue factor (TF)1 is the major cellular initiator of the
coagulation protease cascades1' 2 and serves as a

cell-surface receptor and specific cofactor for plasma
factors VIIN11a.3 Activation of the coagulation pro-

tease cascades by aberrant expression of TF may be
responsible for thrombotic episodes in patients with
a variety of clinical disorders, including Gram-
negative sepsis,4 atherosclerosis,5 adult respiratory
distress syndrome,6 systemic lupus erythematosus,7
Crohn's disease,6 rheumatoid arthritis,9 and various
forms of cancer.10'11 Gram-negative sepsis fre-
quently results in septic shock syndrome, character-

ized by cardiovascular collapse, multiple organ fail-
ure, and high mortality. Recently, TF expression was
implicated in Escherichia co/i-induced septic shock
in a baboon model. Inhibition of TF activity in this
model using a specific monoclonal antibody was

found to attenuate the coagulopathy associated with
septic shock and protect against lethality.12 In ath-
erosclerosis, the presence of TF protein in the matrix
of the necrotic core of human plaques may contribute
to the hyperthrombotic state of atherosclerotic ves-

sels, and possibly to the progression of the disease.
Wilcox et a15 found that macrophage-derived foam
cells and monocytes adjacent to the cholesterol clefts
in human atheroma contained TF mRNA and protein.

To date, studies on the regulation of TF expression
have been performed almost exclusively in vitro. In
cultured cells, the TF gene is positively regulated by
many agents, including lipopolysaccharide (LPS), the
toxic principal of Gram-negative bacteria; the inflam-
matory cytokines interleukin-1 and tumor necrosis
factor-a; growth factors such as platelet-derived
growth factor, fibroblast growth factor, and transform-
ing growth factor-n; vascular permeability factor; ox-

idized low-density lipoprotein; and hormones, such
as estrogen.2'13-18 Recently, we identified a 56-bp
DNA element within the 5' flanking region of the hu-
man TF gene that confers responsiveness to LPS in
cultured THP-1 monocytic cells.19 Regulation of the
TF gene by this large and diverse group of molecules
suggests that TF may participate in biological pro-

cesses other than hemostasis, including cell prolif-
eration and inflammatory responses.

In vivo, TF protein was found to be present in the
vascular adventitia, organ capsules, epidermis, and
mucosal epithelium of normal human tissues.20 In ad-
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dition, tissues known to possess large amounts of TF
procoagulant activity, such as brain, lung, and pla-
centa,2122 all stained strongly for TF protein.20'2324
This cellular distribution suggests that TF represents
a hemostatic "envelope," poised to activate the co-

agulation system when vascular integrity is disrupted.
In spite of these reports, few studies have inves-

tigated the regulation of TF biosynthesis in vivo. In this
paper, we employ a murine model system to dem-
onstrate the presence of relatively high concentra-
tions of TF mRNA in the lung and brain, with inter-
mediate levels in the kidney and heart. Furthermore,
we show that experimental administration of LPS in-
creased the steady-state levels of TF mRNA in the
kidney and lung. At present, we have not identified the
cell type(s) responsible for increased expression of
TF mRNA in the kidney and lung following adminis-
tration of LPS. In the brain, Bergmann glia in the
Purkinje cell layer of the cerebellum and neuroglia in
the cerebral cortex express TF mRNA. In addition,
cell-specific expression of TF mRNA was observed in
epidermal cells of the skin and tongue.

Materials and Methods
Experimental Protocols

Adult male CB6 mice (BALB/c/ByJ x C57B16/J;
Scripps Clinic Rodent Breeding Colony, La Jolla,
CA), weighing 25 to 30 g, were used for all
experiments. LPS (E. coli serotype 01 11 :1B4; Sigma
Chemical Co., St. Louis, MO) was diluted to the ap-
propriate concentration in 300 pl sterile saline (Bax-
ter, Deerfield, IL) and injected intraperitoneally into
mice anesthetized by inhalation of Metofane (meth-
oxyflurane; Pitman-Moore, Mundelein, IL). Control
mice were anesthetized and injected with an equiv-
alent volume of saline alone. At the conclusion of
experiments, mice were anesthetized by Metofane
inhalation and killed by cervical dislocation. Tissues
were rapidly removed by standard dissection tech-
niques, minced, and immediately frozen in liquid ni-
trogen before preparation of total RNA.

Northern Blot Analysis

Total RNA was prepared from frozen tissues by the
acid guanidinium thiocyanate-phenol-chloroform
method25 and its concentration was determined by
sample absorbance at 260 nm. Total RNA was ana-

lyzed for TF mRNA by Northern blotting as de-
scribed previously.26 Briefly, an 821-bp murine TF
cDNA probe, containing nucleotides 229-1049, was

isolated from plasmid pcmTF225327 and radiola-

beled by the random primer technique28 employing
[a-32P]dATP (>3000 Ci/mmol; Amersham Corp., Ar-
lington Heights, IL). Autoradiography was per-
formed at -80 C, employing Kodak XAR-5 film with
intensifying screens.
The level of TF mRNA was quantitated by densit-

ometric analysis of Northern blot autoradiograms
employing an LKB Ultroscan XL laser densitometer
(LKB, Bromma, Sweden). To assess variability in
sample loading, Northern blots were rehybridized
with a radiolabeled plasmid probe carrying a cDNA
encoding the housekeeping gene CHO-B.29

Tissue Preparation for In Situ
Hybridization

After sacrifice, mice were immediately perfused for
5 minutes through the left ventricle with 30 ml of
chilled 4% (wt/vol) paraformaldehyde in Dulbecco's
phosphate-buffered saline (Whittaker Bioproducts
Inc., Walkersville, MD). After perfusion, the kidney,
lung, heart, brain, skin, and tongue were removed,
immersed in chilled 4% paraformaldehyde, and
fixed at 4 C overnight. The fixed tissues were then
embedded in paraffin blocks and sectioned at 2- to
5-p thickness using a microtome. The sections were
mounted onto polylysine slides and stored at room
temperature pending analysis.

Riboprobe Preparation

The 821-bp murine TF cDNA fragment described
above was subcloned into the vectors pGEM-3Z
and pGEM-4Z (Promega, Madison, WI) and utilized
as a template for in vitro transcription of radiola-
beled sense (pGEM-3Z) and antisense (pGEM-4Z)
TF riboprobes employing SP6 polymerase (Pro-
mega) in the presence of [35S]UTP (>1200 Ci/
mmol; Amersham). Templates were removed by di-
gestion with RQ1 DNAse (Promega) for 15 minutes
at 37 C, and the riboprobes were purified by
phenol/chloroform extraction and ethanol precipita-
tion.

In situ Hybridization

In situ hybridization was performed as described
previously.5,30'31 Briefly, paraffin-embedded tissue
sections were pretreated sequentially with xylene (3
x 5 minutes), 2X SSC (300 mmol/L NaCI, 30 mmol/L
sodium citrate, pH 7.0, containing 10 mmol/L
2-mercaptoethanol, 1 mmol/L EDTA) (1 x 10 min-
utes), paraformaldehyde (1 x 10 minutes, 4 C) and
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proteinase K (1 pg/ml in 500 mmol/L NaCI, 10
mmol/L Tris-HCI, pH 8.0) (1 x 10 minutes). (Note:
all incubations and washes were performed at 25 C
unless specified otherwise.) Slides were prehybrid-
ized for 2 hours in 100 p1 of prehybridization buffer
[50% (wt/vol) formamide, 0.3 mol/L NaCI, 20 mmol/L
Tris-HCI, pH 8.0, 5 mmol/L EDTA, 0.02% polyvi-
nylpyrrolidone, 0.02% Ficoll, 0.02% bovine serum
albumin, 10% (wt/vol) dextran sulfate, 10 mM dithio-
threitol] at 42 C. Prehybridization buffer (20 p1) [con-
taining 2.5 mg/ml of tRNA and 600,000 cpm of the
35S-labeled riboprobe] was then added and the
slides were hybridized for 18 hours at 55 C. After
hybridization, slides were treated with 2X SSC con-
taining 10 mmol/L 2-mercaptoethanol, 1 mmol/L
EDTA (2 x 10 minutes), RNAse A (20 pg/mI in 500
mmol/L NaCI, 10 mmol/L Tris-HCI) (1 x 30 minutes),
2X SSC (10 mM 2-mercaptoethanol, 1 mmol/L
EDTA) (2 x 10 minutes), 0.1X SSC (10 mmol/L
2-mercaptoethanol, 1 mmol/L EDTA) (1 x 2 hours,
60 C) and 0.5X SSC (2 x 10 minutes). Finally, the
slides were dehydrated by immersion in a graded
alcohol series containing 0.3 M NH4Ac, dried,
coated with NTB2 emulsion (Kodak; 1:2 in water),
and exposed in the dark at 4 C for 8 to 14 weeks.
Slides were developed for 2 minutes in D19 devel-
oper (Kodak), fixed, washed in water (3 x 5 min-
utes), and counterstained with hematoxylin and
eosin. Consecutive sections were analyzed using a
TF sense probe as a control for nonspecific hybrid-
ization. No specific signal could be detected in
these control hybridizations (for example, see Fig-
ure 3, C and J).

Results

Tissue Distribution of Murine Tissue
Factor mRNA

To examine the tissue-specific expression of the
murine TF gene in vivo, total RNA was extracted
from tissues of adult male CB6 mice and the level of
TF mRNA determined by Northern blot analysis. TF
mRNA levels were quantitated by scanning densi-
tometry as described in Materials and Methods,
and normalized to the expression of the housekeep-
ing gene CHO-B.29 Results from a representative
animal are shown in Figure 1. Relatively high levels
of TF mRNA were observed in lung and brain,
whereas intermediate levels were detected in kid-
ney and heart. Low levels of TF mRNA were present
in liver and thymus, and no TF mRNA was detected
in the spleen, gut, or skeletal muscle.

Figure 1. Tissue specificity of murine 7T gene expression. A: Total
RNA was prepared from the indicated tissues and 20 yg was ana-
lyzed for TF mRNA content dy Northern blot analysis using a 32p-
labeled murine TF cDNA probe (see Materials and Methods). The au-
toradiogram was exposed for 5 days. To assess for variability in
sample loading, the blot was rehybridized with a CHO-B cDNA
probe, which detects a single mRNA species of 1.1 kb (shown be-
low). B: 7he autoradiographic signals for 7F and CHO-B mRNAs
were quantitated by scanning densitometry (see Materials and Meth-
ods) and the values obtained for 7F mRNA normalized to those of
CHO-B. 7Te normalized data are presented in the histogram beneath
each respective lane and are expressed as the percentage of expres-
sion relative to the lung.

Regulation of Murine Tissue Factor Gene
Expression by LPS
In the baboon model of septic shock, activation of
coagulation has been shown to occur principally via
the tissue factor pathway.12 As a model of Gram-
negative sepsis, we assessed the effect of a suble-
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thal dose of LPS on murine TF gene expression in
vivo. Mice were injected intraperitoneally with 50 pg
LPS (2.0 mg/kg) or with saline vehicle. Selected tis-
sues (kidney, lung, heart, and brain) were removed
at intervals of 1, 3, 8, and 24 hours, and the level of
TF mRNA determined by Northern blot analysis. As
above, TF mRNA levels were quantitated by scan-
ning densitometry and normalized to the expression
of the housekeeping gene CHO-B. No change in TF
mRNA levels was observed in these four tissues
from mice injected with saline vehicle (data not
shown). Results from one of three independent ex-
periments are shown in Figure 2. LPS treatment in-
creased the steady-state levels of TF mRNA in both
the kidney (9.6-fold) and lung (2.7-fold), with maxi-
mal induction apparent by 8 hours. At 24 hours the
level of TF mRNA in the kidney remained elevated,
while the amount of TF mRNA in the lung decreased
to a level similar to that present in untreated mice.
In contrast to the increases observed in the kidney
and lung, the level of TF mRNA in the heart de-
creased 4.5-fold at 8 hours in response to LPS and
was still decreased 1.8-fold by 24 hours. In the
brain, no significant change in TF mRNA levels was
observed during the same time period (Figure 2).
Similar results were obtained for all four tissues in
three independent experiments. The average fold
induction of TF mRNA in the kidney and the lung
was 10.8 ± 5.1 (+ standard deviation) and 3.1 ±
1.0, respectively.

Cell Type-Specific Expression of Murine
Tissue Factor mRNA

In situ hybridization experiments were performed to
determine the cellular distribution of murine TF

KIDNEY LUNG

mRNA within various tissues derived from control
and LPS-treated animals. Despite previous data in-
dicating that glomerular interstitium, cells of the
Bowman's capsule, and myocardium express hu-
man TF antigen,20 high levels of TF mRNA were not
detected in cells of the kidney or heart of control or
LPS-treated mice (data not shown). In the lung of
control mice, a weak hybridization signal for TF
mRNA was identified in bronchiolar epithelial cells
(Figure 3A), although this signal was not increased
after LPS treatment (Figure 3B). Therefore, at
present we have not identified the cell type(s)in the
kidney and lung responsible for increased TF
mRNA expression in response to LPS.

Cell-specific expression of murine TF mRNA was
observed in the brain and was identical in control
and LPS-treated mice. Figure 3 (D to G), shows the
results employing tissue sections from an LPS-
treated animal. In the cerebellum, a prominent cell-
specific pattern of TF gene expression was ob-
served in the Purkinje cell layer that was visible
even at low magnification (x16) (Figure 3D). The
Purkinje cell layer consists of large Purkinje neurons
surrounded by smaller Bergmann glia.32 At higher
magnification, the strong hybridization signal for TF
mRNA was clearly present in Bergmann glia, and
no detectable signal was associated with the larger
Purkinje cells (Figure 3, E and F). In the cerebral
cortex, no TF mRNA was associated with the neu-
ronal cells, whereas neuroglia were observed to ex-
press high levels of TF mRNA (Figure 3G). The mor-
phology, distribution, and abundance of these TF
mRNA-positive cells suggested that they were as-
trocytes (see Discussion).
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Figure 2. Time course of changes TF mRNA levels in response to LPS. Mice were injected intraperitoneally with 50 sg LPS and the tissues removed
at the indicated times. Total RNA (20 ,ugfor lung, kidney, and heart, 10 ,ugfor brain) was analyzedfor TF mRNA by Northern blotting as described
in Figure 1. The concentration of TF mRNA was determined by densitometric analysis of the blot autoradiograms. Variations in sample loading
were assessed by rebybridizing the blots with a CHO-B cDNA probe as described above (data not shown). The normalized levels of TF mRNA are
shown below in the histogram, and are expressed as a percent of the zero time point for each tissue. Note the use of different ordinate scales. The
blots usedfor the kidney and lung time courses were hybridized and stripped one time before hybridization with the murine TF cDNA probe, which
may explain the significantly reduced signal intensity of the time 0 samples compared with the signals observed in these tissues in Figure 1. Auto-
radiograms shown for each time course were exposedfor 3 to 5 days to most clearly show the changes in TF mRNA levels.
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Figure 3. Localizationi of 7F mRAA in cells of the
lung, braini, skini, anid tonguie. Sectionis of luntg,
braini, skini, and tongue uere analyzed for 7F
mRNA by in situ hybridization as described in
Materials atnd Methods. A anid B: x 400 magnifi-
cationi of lung sections from ani uintreated and
LPS-treated (8 hours) mouse, respectively. Epithe-
lial cells are weakly positive in both panels. C:
Control experiment showing a lunzg section from
an LPS-treated mouse hybridized with a TF sense
probe (X 400). In A to C (L, lzmeni of a bronichi-
ole) D: Lou' magnification (X 16) vieu of the cer-
ebellum. Arrous indicate the positive signal for
7T mRNA in the Purkinje cell layer betu'een the
molecular (green) and granular (brown) layers
of the cerebellum. E and F; X200 and X 1000
magnification, respectively, of the Purkinje cell
laver RBromann ulia exhihit a stron-o si2nal (M.-
molecuilar laver; P, Purkinje cell layer; C, granut-
lar layer). G: Cerebral cortex of the brain. Arrous
indicate the TF mRAA-positive signal expressed by!
neuroglia (X 400). H: Skin sectioni from the tail of
an tuntreated animal (X400). The epidermis ex-
hibits an intense hybridization signal in the stra-
tum granulosum. and J: Consecuitive sections
from the tongue of an untreated mouse hybrid-
ized with anitisenise (I) or sense (J) 7T riboprobes,
respectively (X 400). The stratified squiamous epi-
thelizum belou' the cornified dorsal surface is
stronggly positive in 1. tnless otherwise stated, all
slides were hvbridized wlith a 7F antisense probe
Slides were exposed for 8 weeks at 4 C, except for
H (12 weeks) and C (14 u'eeks). D to G used tis-
sue sections derived from ani animal exposed to
LPS for 3 hours. 7The same cell t)pe-specific ex-
pression was obsenved tusing untreated mice
(data niot shounl). Photomicrographs uere taken
either zunder bright field (F, H-J), under dark
field (D) or using polarized light epiluimitnescence
(remaining panels). Positive hybridization sig-
nals appear as dark grains (bright field), white
grains (dark field), or u'hite-green grains (dark
field and epiluminescence).

In separate in situ hybridization experiments, we
extended our analysis of cell-specific expression of
murine TF mRNA. Prior immunohistochemical stain-
ing for human TF identified intense signals in the
epidermis of the skin and in squamous epithelium of
the tongue.20 In murine skin, relatively high levels of
TF mRNA were observed in the upper stratum gran-
ulosum layer of the epidermis immediately below
the stratum corneum (Figure 3H). Although the ex-

act identity of the reactive cells remains to be es-

tablished, the location of the hybridization signal
and the morphologic appearance of the TF mRNA-
positive cells are consistent with TF gene expres-

sion by keratinocytes. In addition, the distinct poly-
hedral cells of the stratum spinosum expressed
high levels of TF mRNA (data not shown). In murine
tongue, we observed a strong positive signal for TF
mRNA that was exclusively localized to stratified

H
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squamous epithelium below the cornified dorsal
surface (Figure 31).

As a control for the specificity of the 35S-labeled
TF antisense riboprobe, tissue sections derived
from lung and brain were hybridized with a 35S-
labeled sense riboprobe. No specific hybridization
was observed in any of these sections (Figure 3C).
Further confirmation of the signal specificity was
demonstrated by hybridizing consecutive sections
from the tongue with either antisense (Figure 31) or
sense (Figure 3J) TF riboprobes.

Discussion
Thrombotic episodes in patients with a variety of
clinical disorders are often correlated with in-
creased expression of TF.33 Moreover, recent stud-
ies using a baboon model revealed that inhibition of
TF activity attenuated the coagulopathy associated
with septic shock and protected against lethality.12
However, few studies have investigated the regula-
tion of TF gene expression in vivo. In the current
study, a murine model system was employed to an-
alyze TF gene expression in control and LPS-
treated animals. In control mice, Northern blot anal-
ysis of total RNA revealed relatively high levels of TF
mRNA in the lung and brain, while intermediate lev-
els were detected in the kidney and heart (Figure
1). A similar tissue distribution of murine TF mRNA
was described by Hartzell et al.13 The distribution of
TF mRNA observed in these studies directly corre-
late with the amounts of procoagulant activity previ-
ously reported for the corresponding human
tissues.2>22 Therefore, it appears that expression of
murine TF mRNA can be used as an indicator of TF
activity in various tissues.
As a model of Gram-negative sepsis, we investi-

gated the regulation of murine TF gene expression
in vivo in response to LPS. In the heart, we ob-
served decreased expression of TF mRNA in three
independent experiments. In contrast, steady-state
levels of TF mRNA were increased in the kidney
(9.6-fold) and lung (2.7-fold) after treatment with a
sublethal dose of LPS (Figure 2). In spite of these
changes in TF mRNA levels, at present in situ hy-
bridization experiments have not identified specific
cells in the kidney and lung responsible for the in-
creased expression of TF mRNA in response to
LPS. The most likely explanation for this apparent
discrepancy is that in these tissues the TF mRNA
may be widely distributed throughout the tissues
and thus diluted below the detection threshold of
the in situ technique. Further studies may allow

identification of the specific cell type(s) in the lung
and kidney that respond to LPS injection by in-
creasing TF gene expression in vivo. In this regard
it should be noted that, despite previous reports
documenting increased TF expression in cultured
human umbilical vein endothelial cells exposed to
endotoxin,16,34 we found no evidence for TF mRNA
expression by endothelial cells in lung, kidney, and
heart of LPS-treated mice by in situ hybridization,
consistent with the results of Wilcox et a135 using tis-
sues from endotoxin-treated rats. The question of
whether endothelial cells express TF in vivo remains
controversial. TF activity was not induced in intact
human saphenous veins by endotoxin.36 In con-
trast, in a baboon model for lethal E. coli sepsis, TF
expression was observed in endothelial cells of the
spleen, although no expression was observed in
endothelial cells of the lung.37 These data suggest
that endothelial cells in vivo may behave differently
from isolated endothelial cells stimulated in cell cul-
tures. In addition, endothelial cells present in differ-
ent tissues may be exposed to distinct regulatory
factors present in the local environment that influ-
ence their ability to express TF.

In a recent study in baboons, TF antigen was ob-
served to increase in lung alveolar epithelial cells
and in epithelial cells of the renal glomeruli of septic
animals.37 Therefore, in this murine model, it ap-
pears likely that these same cells of the lung and
kidney increase TF mRNA expression after adminis-
tration of LPS. In fact, we have observed induced
expression of TF mRNA in alveolar epithelial cells
adjacent to the fibrotic lesions in a murine model of
bleomycin-induced pulmonary fibrosis.38 The rea-
son for increased expression of TF mRNA in the
lung and kidney of LPS-treated mice is unclear, al-
though these tissues of experimental animals have
been found to accumulate high levels of LPS after
injection.3940 We speculate that LPS-induced in-
creases in TF gene expression in the kidney and
lung observed in this study may promote fibrin dep-
osition and contribute to the failure of these organs
during Gram-negative sepsis. Thrombotic lesions
can be found in the kidneys and lungs of patients
exhibiting disseminated intravascular coagulation
resulting from exposure to endotoxin.33

In contrast to the results with the kidney and lung,
a strong and cell-specific in situ hybridization signal
for TF mRNA was detected in the brain. No change
in TF mRNA levels was observed in Northern blots
in response to LPS, possibly due to the relatively
low concentration of LPS found in this organ after
injection.3940 In addition, the pattern of cell specific
TF mRNA expression revealed by in situ hybridiza-
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tion was identical in control and LPS-treated mice.
In the cerebellum, a prominent hybridization signal
was detected in Bergmann glia, a specialized astro-
cyte in the Purkinje cell layer. In the cerebral cortex
and throughout the brain, neuroglia were also ob-
served to express high levels of TF mRNA. The dis-
tribution and abundance of the TF mRNA-positive
cortical cells suggested that they may be astro-
cytes. This was confirmed41 using immunohis-
tochemistry with glial fibrillary acidic protein, a spe-
cific marker of astrocytes in the central nervous
system,42 to double-label TF mRNA expressing
cells throughout the brain. Expression of high levels
of TF in the brain may be primarily required to pre-
vent bleeding in the event of vascular injury. In the
brain, astrocytes and Bergmann glia contribute to
the glial limiting membrane of the perivascular
space, and surround larger blood vessels after they
have penetrated the brain substance.32 In addition,
astrocytes throughout the brain are intimately in-
volved in the formation of the tight junctions be-
tween endothelial cells that comprise the blood-
brain barrier.43 The expression of TF at these
interfaces is thus consistent with its essential role in
hemostasis and suggests that TF may play an im-
portant role in the maintenance of the blood-brain
barrier.

Recently, it has been suggested that components
of the coagulation cascade, such as thrombin, may
also regulate normal brain development and defend
the brain against damage caused by stroke,
trauma, and other injuries.44 TF expression in the
brain may be involved in these processes by gener-
ating thrombin. An imbalance between thrombin
and its primary inhibitors in the brain, namely pro-
tease nexin-1 and -2, may contribute to the nerve-
cell damage seen in neurodegenerative diseases
such as Alzheimer's. This may explain the recent
observation of enhanced TF expression in senile
plaques of Alzheimer's patients.45 Furthermore,
Purkinje cells have been reported to express the
thrombin receptor (S. Coughlin, personal communi-
cation). The juxtaposition of TF and thrombin recep-
tor in Bergmann glia and Purkinje cells, respec-
tively, is very provocative and may indicate that TF
is involved in cell-cell communication in the cere-
bellum.

Cell-specific expression of murine TF mRNA also
was detected in cells morphologically resembling
keratinocytes in the epidermis of the skin and in
stratified squamous epithelium of the tongue. The
distinct pattern of TF mRNA expression n nthese tis-
sues illustrates the dramatic differentiation-
dependent induction of the TF gene. In addition,

these data are consistent with the expression of hu-
man TF protein noted previously in the epidermis of
the skin and in squamous epithelium of the
tongue.20 Expression of TF at these surfaces would
be expected to initiate coagulation after injury, sup-
porting the hypothesis that TF forms a hemostatic
"envelope" to limit bleeding.

In summary, these results demonstrate that the
TF gene is expressed and regulated in a tissue-
and cell-specific manner in vivo. Future analysis of
TF expression during normal mouse development
and in mouse models of important human diseases,
such as septic shock and atherosclerosis, should
provide insight into the role of TF in hemostasis, de-
velopment, and other biological processes.

Note Added in Proof
Since the submission of the manuscript, we have
identified TF mRNA-positive cells by in situ hybrid-
ization in lungs of mice treated with LPS for 8 hours.
The morphology, abundance, and location at
branch points of the interalveolar septa strongly
suggested that these cells were alveolar type 11
cells. These cells did not express detectable levels
of TF mRNA in lungs of control mice.
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