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Abstract
The alveolar compartment in acute lung injury contains high levels of tissue factor (TF) procoagulant
activity favoring fibrin deposition. We previously reported that the alveolar epithelium can release
TF procoagulant activity in response to a proinflammatory stimulus. To test the hypothesis that the
alveolar epithelium further modulates intra-alveolar fibrin deposition through secretion of an
endogenous inhibitor to TF, tissue factor pathway inhibitor (TFPI), we measured TFPI levels in
edema fluid (EF) from patients with acute respiratory distress syndrome. To determine whether the
alveolar epithelium can release TFPI, both full-length TFPI and truncated TFPI were measured
(ELISA) in pulmonary edema fluid from patients with acute respiratory distress syndrome (ARDS)
and a control group of patients with hydrostatic pulmonary edema (HYDRO). TFPI protein was also
measured in conditioned media (CM) and cell lysates (CL) from human alveolar epithelial cells
(A549) after exposure to cytomix (TNF-α, IL-1β, IFN-γ). TFPI protein levels were higher in
pulmonary edema fluid from patients with ARDS vs. HYDRO. TFPI protein was increased in CM
and did not change in CL after cytomix treatment; TFPI mRNA levels (RT-PCR) did not change.
Despite the high levels of TFPI, both the EF and CM retained significant TF procoagulant activity
as measured by plasma recalcification time. The majority of intraalveolar TFPI was in a truncated,
inactive form, whereas the majority of TFPI released from cells was full length, suggesting different
mechanisms of inactivation. In summary, the alveolar epithelium releases TFPI in response to an
inflammatory stimulus but does not increase TFPI gene transcription or protein production. Levels
of intra-alveolar TFPI in ARDS are not sufficient to block intra-alveolar TF procoagulant activity
due to truncation and inactivation of intra-alveolar TFPI.
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INTRA-ALVEOLAR THROMBIN FORMATION and fibrin deposition are pathological hallmarks of acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS) (41). Although the alveolar
compartment in ALI/ARDS is procoagulant and antifibrinolytic (23,25), the cellular and
molecular mechanisms that modulate intra-alveolar fibrin deposition are incompletely
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understood. Previous studies have demonstrated that there is tissue factor (TF)-dependent
procoagulant activity in bronchoalveolar lavage (BAL) fluid from patients with ARDS (4,23,
24). The activation of TF is a critical event that results in thrombin formation. Thrombin is a
key intermediate molecule with several biological functions including augmentation of
vascular permeability (29) and enhancement of inflammation (12). Thrombin generation leads
to fibrin polymerization and deposition with resultant formation of hyaline membranes, a
pathological hallmark of ARDS. We have reported that the alveolar epithelium is one potential
source of TF procoagulant activity in patients with ARDS (4), suggesting that the alveolar
epithelium may actively modulate intra-alveolar fibrin deposition.

In the systemic vascular space, TF procoagulant activity is balanced by its natural inhibitor,
tissue factor pathway inhibitor (TFPI). TFPI is a Kunitz-type serine protease inhibitor and is
the only endogenous specific inhibitor of TF that has been described. TFPI regulates the
initiation of coagulation by binding to factor Xa. The Xa-TFPI complex then binds to the tissue
factor-VIIa complex, inactivating tissue factor (3). TFPI is synthesized and stored primarily in
the microvascular endothelium with small amounts stored in platelets or circulating in the
plasma (30). Full-length TFPI protein is very sensitive to degradation to a truncated, inactive
form by the action of neutrophil elastase (21,37), matrix metalloproteinases (5,15), and other
proteases such as chymase (20). In addition, the activity of the full-length protein is regulated
at several levels. Anticoagulant activity is enhanced by glycosylphosphatidylinositol (GPI) cell
surface anchoring (31), and some cells secrete a form of the TFPI protein that cannot bind GPI
(31). Circulating factors such as protein S (19) and low-density lipoproteins (LDL) (36)
associate with TFPI and can affect its anticoagulant potency.

The potential therapeutic role for TFPI has been studied extensively in both animal models and
clinical trials in sepsis. TF-mediated fibrin deposition is important in the development of lung
injury in a primate model of Escherichia coli sepsis (42), and blockade of the TF pathway
through either site inactivated factor VIIa (8,43) or antibody blockade of TF factor Xa binding
attenuated lung injury and improved survival in these animals. In addition, recombinant TFPI
treatment improved survival in a lethal baboon model of E. coli sepsis (7,14) and attenuated
lung injury in a rat model of E. coli sepsis (17). In human sepsis, experts have suggested that
endogenous TFPI is not sufficient to overcome the intense TF procoagulant activity (22).
However, systemic administration of recombinant TFPI did not improve mortality in a large,
randomized trial in severe sepsis (1). In addition, among the patients with severe sepsis, the
rates of ARDS were the same in the TFPI and placebo groups, and mortality was not reduced
in the ARDS group.

The conflicting results in preclinical and clinical trials of recombinant TFPI highlight the need
for more mechanistic studies designed to determine the specific role of TFPI in the pathogenesis
and resolution of clinical ALI. The aims of our study were twofold. First, because we have
previously reported that the alveolar epithelium plays a central role in modulation of intra-
alveolar fibrin deposition (4,39,40), we hypothesized that the alveolar epithelium actively
regulates TF procoagulant activity through production of TFPI. Second, based on the sensitivity
of TFPI to degradation by proteases that are known to be present in the air spaces in ARDS,
including neutrophil elastase (21,37) and matrix metalloproteinases (5,15), we hypothesized
that local TFPI production is insufficient to oppose TF procoagulant activity in patients with
ARDS because intra-alveolar TFPI is truncated and thus inactivated.

METHODS
Collection of pulmonary edema fluid

Samples of human pulmonary edema fluid and plasma were collected as previously described
(33) from intensive care unit patients at Moffitt Long and San Francisco General Hospitals
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from 1995 to 2001 and at Vanderbilt University from 2003 to the present. Briefly, mechanically
ventilated patients with ALI/ARDS or controls with hydrostatic pulmonary edema were
identified within6hof endotracheal intubation using standard definitions (6). A standard
tracheal suction catheter was inserted through the endotracheal tube and advanced slowly until
resistance was met. Gentle suction was applied, and a few milliliters of undiluted pulmonary
edema fluid were aspirated. Samples were placed immediately on ice and centrifuged for 10
min at 3,000 g to remove any cellular or particulate matter. Supernatants were stored at -70°C
until use. The study was approved by the Committee on Human Research at the University of
California San Francisco (UCSF) and the Institutional Review Board at Vanderbilt University
with a waiver of informed consent. ALI/ARDS was defined by 1) bilateral pulmonary infiltrates
on chest radiograph; 2) appropriate clinical setting; 3) hypoxemia with PaO2/FIO2 ratio < 300;
and 4)no evidence of left heart failure according to the American European Consensus
guidelines (6). Patients with hydrostatic pulmonary edema met the first three criteria but had
evidence of a cardiogenic cause of pulmonary edema including acute myocardial infarction,
systolic or diastolic congestive heart failure, or acute volume overload. Because of limited
availability of patient samples, experiments were done with selected subsets of patients from
our cohort. In addition, some patients had very limited sample volume, so we were unable to
make all measurements in all patients. Some patients from UCSF have been included in prior
published studies (4).

TF pathway inhibitor ELISA
An ELISA kit for TFPI (both total TFPI and the truncated form) (American Diagnostica,
Stamford, CT) was used to measure protein concentrations of TFPI in human samples, cell
lysates, and supernatants according to the manufacturer’s instructions. The truncated TFPI
ELISA uses two different detection antibodies, one that measures both forms of TFPI (full-
length and truncated) and one that is specific for full-length TFPI. Each sample was analyzed
with both detection antibodies, and the difference between total TFPI and full-length TFPI was
calculated to determine truncated TFPI. All measurements were done in duplicate.

Effect of A549 conditioned media on clot formation in normal plasma
Clot time was measured using a mechanical clot detection system (STart4 Coagulometer;
Diagnostica Stago, Asnieres, France). Briefly, A549 cells were treated with serum-free media
(control) or cytomix for either 16 or 24 h. Conditioned media was collected and centrifuged at
500 g × 10 min to remove cells and debris. Conditioned media (25 μl) was incubated with
either 10 μl of PBS or TF blocking antibody (American Diagnostica) for 30 min at 37°C.
Samples were then incubated with 25 μl of pooled normal human plasma (Fisher Diagnostics,
Middletown, VA) for 2 min. Clot time was determined as recalcification time following the
addition of 25 μl of 25 mM calcium chloride. Measurements were done in duplicate.

Immunohistochemistry study subjects
Fresh lung tissue was obtained from 12 patients admitted to the adult medical intensive care
units of the University of Utah Hospital, in Salt Lake City, between 1999 and 2002, who died
and underwent autopsy. The autopsy tissue was collected within 12-14 h of death using standard
anatomical pathology approaches optimized to preserve tissue architecture and antigen display.
Autopsy tissue was obtained from two groups of six patients each. One group died with ALI
or ARDS as identified by the American European Consensus Conference definitions (6). The
other group died without clinical or pathological evidence of pulmonary disease and served as
controls. The autopsy protocol was approved by the Institutional Review Board at the
University of Utah Health Sciences Center. The requirement for written informed consent was
waived.
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Tissue collection and immunohistochemistry
Two to three tissue cubes (>2 × 2 × 2 cm) were obtained from each of the three lobes of the
right lung of each patient. The cubes were processed by standard methods (2). Briefly, the
tissue cubes were immersion-fixed in 10% buffered neutral formalin (VWR, Media, PA)
overnight at 4°C. Slices of the cubes were cut and processed for paraffin embedding for
immunohistochemistry (6-μm section thickness).

For immunohistochemistry, antigen retrieval methods were used, followed by standard
immunolabeling methods (2). Antigen retrieval was done using 1× Citra solution (BioGenex,
San Ramon, CA). Endogenous peroxidase was quenched by 3% hydrogen peroxide in PBS for
20 min at room temperature. Between each of the steps, the tissue sections were rinsed in PBS.
TFPI monoclonal antibody that recognizes both full-length and truncated forms of TFPI
(American Diagnostica) was used at a dilution of 1:100 (overnight at 4°C). A standard ABC
kit (Vector Laboratories, Burlingame, CA) and DAB (Sigma-Aldrich, St. Louis, MO) were
used to reveal TFPI localization. All of the tissue sections were counterstained with
hematoxylin, dehydrated through an ethanol series, cleared in AmeriClear, and covered by
mounting medium and coverslip. Digital images were obtained using a Zeiss Axiophot (Jena,
Germany) equipped with a digital camera. Brightness and contrast were adjusted to match
background among the digital images; however, color adjustment and other image adjustments
were not permitted. For all experiments, three negative controls were used: isotype- and
species-matched irrelevant antibody (anti-insulin), omission of the primary antibody, and
omission of the secondary antibody. In all cases, the negative controls demonstrated that the
TFPI immunostaining was specific.

Cell culture
Alveolar epithelial cells (A549 cells; American Type Culture Collection, Manassas, VA) were
grown in MEM (Cellgro, Herndon, VA) with 10% FBS (Cellgro) and 10,000 U/ml each of
penicillin and streptomycin (Sigma, St. Louis, MO). For cell lysates and RNA extraction, cells
were plated in a 24-well plate at 5 × 104 cells/well and maintained in culture until confluence
was reached at day 5. All experiments were performed on day 5 at confluence.

Preparation of cell supernatants and lysates
A549 cells were grown to confluence in 24-well plates. Cells were treated with 20 ng/ml of
cytomix (a combination of TNF-α, IL-1β, and IFN-γ at a concentration of 20 ng/ml each in
serum-free media) for increasing lengths of time. Cells incubated with serum-free media for
equivalent lengths of time served as controls. Following exposure, the cells were incubated
with 250 μl of lysis buffer (50 mM Tris, 100 mM NaCl, 0.1% Triton X-100, pH 7.45) for 15
min at 37°C. The lysate was removed and placed in a clean microfuge tube and centrifuged at
500 g to remove cellular debris. The supernatants and lysates were stored at -70°C until assays
were performed.

Isolation of mRNA
A549 cells were cultured in 24-well plates until confluent. Appropriate stimulus was applied
in serum-free MEM to cells before mRNA isolation. Cells were then trypsinized and collected
into cryotubes. Cells from three identical wells were pooled for each mRNA extraction. mRNA
was extracted using a kit from Qiagen (Valencia, CA) according to the manufacturer’s
instructions and stored immediately at -70°C.

Real-time PCR
Semiquantitative real-time RT-PCR was done using mRNA isolated from A549 cells using
the SYBR Green method (Bio-Rad, Hercules, CA). Before the PCR reaction, cDNA was
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prepared using Superscript II RT (Invitrogen, Carlsbad, CA). All quantitative PCR reactions
were run with a no template control for each primer set and a no cDNA control from each
experimental condition. Both TFPI and β-actin primers were obtained from IDT (Coralville,
IA). Semiquantitation was established using the ΔΔCt method (28). Briefly, the Ct (confidence
threshold) for each well was calculated by the Bio-Rad iCycler. For each experimental
condition, the Ct for β-actin was subtracted from the Ct for TFPI to generate the ΔCt. The
difference between the ΔCt of the control experiment and the ΔCt of treated cells was calculated
to give the ΔΔCt. Fold increase in mRNA was calculated by 2ΔΔCt as a quantitative estimate.

Statistical analysis
Statistical analysis was done using SPSS software version 13.0 for Macintosh. In the in vitro
experiments, differences between groups were assessed using a one-way ANOVA followed
by Tukey test for post hoc analysis. For comparison of two groups of normally distributed data,
the Student’s t-test was used. Data from human samples were not normally distributed, and
differences between groups were compared using the Mann-Whitney U test. For all analyses,
P < 0.05 was considered statistically significant.

RESULTS
Patient characteristics

Clinical characteristics are summarized in Table 1 for 39 patients with ALI/ARDS and 23
patients with hydrostatic edema from whom pulmonary edema fluid was collected and 12
patients from whom lung tissue was obtained for immunohistochemistry. Among the patients
in the edema fluid studies, mortality was significantly higher in patients with ALI/ARDS than
patients with hydrostatic pulmonary edema.

TFPI levels in pulmonary edema fluid
Levels of total TFPI in undiluted pulmonary edema fluid were measured in 30 patients with
ARDS and 20 patients with hydrostatic pulmonary edema (HYDRO). Median total TFPI levels
in the pulmonary edema fluid were significantly higher in patients with ARDS (Fig. 1) {23,635
pg/ml [interquartile range (IQR) 14,978-38,793 pg/ml]} compared with patients with
hydrostatic pulmonary edema [15,136 pg/ml (IQR 7,327-19,868 pg/ml), P = 0.029 by Mann
Whitney U test].

TFPI immunohistochemistry in human lung
Six patients who died with ARDS and six control patients who died without ARDS were
studied. We have previously reported clinical characteristics and TF immunohistochemistry
in these patients (4). The immunohistochemical results in Fig. 2 are representative of all 12
patients studied. In control patients (Fig. 2, A and B), TFPI immunostaining was seen along
the alveolar membrane, in cells that histologically appear to be both type I and type II alveolar
epithelial cells. The staining pattern was quite different in patients who died with ARDS (Fig.
2, C and D) with loss of alveolar septal staining and intense staining in the alveolar space,
hyaline membranes, and alveolar macrophages. No TFPI immunostaining was seen in the
pulmonary vascular endothelium in any of the subjects.

TFPI production and release from alveolar epithelial cells
We next tested whether the alveolar epithelium was a potential source of intra-alveolar TFPI
by measuring TFPI protein by ELISA and TFPI mRNA by PCR in an alveolar epithelial cell
culture system (A549) both basally and in response to a proinflammatory stimulus (cytomix).
A549 cells release TFPI protein into the media in a time-dependent manner (Fig. 3A) when
incubated with serum-free media (P < 0.05 for 0 h vs. 16 and 24 h by ANOVA), and this release
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is significantly augmented by cytomix. Conversely, the amount of TFPI in cell lysates (Fig.
3B) is much lower than that in conditioned media and does not change over time in response
to cytomix. Concurrently, TFPI mRNA does not change significantly over this time period
(Fig. 4).

Clot time of conditioned media
Clot time of conditioned media from cytomix-treated A549 cells was done using a mechanical
clot detector. With cytomix treatment, A549 cells release TF procoagulant activity over time
(Fig. 5). This shortening of clot time was inhibited by a blocking antibody to TF (data not
shown).

Truncated TFPI release from A549 cells
To determine if the TFPI released from cytomix-treated A549 cells was full length or truncated,
we measured total and truncated TFPI by ELISA (Fig. 6). In untreated cells (control), 100%
of the TFPI released is in a full-length form. With cytomix treatment, a small percentage of
TFPI, 9.8% and 9.5% at 16 and 24 h, respectively, is truncated, and the remainder is released
in a fulllength form.

Truncated TFPI in pulmonary edema fluid
To determine whether edema fluid TFPI was present in a full-length, active form or a truncated,
inactive form, we measured truncated TFPI protein by ELISA in pulmonary edema fluid from
17 patients with ARDS (Fig. 7). We found that in all but one patient with ARDS, the majority
of TFPI was truncated and likely inactive.

DISCUSSION
Fibrin deposition is a pathological hallmark of ARDS, and the TF pathway is a key modulator
of intra-alveolar fibrin deposition. TF is upregulated and activated in the alveolar compartment
in ARDS (4,23). Despite the emerging interest in the role of TF in the pathogenesis of ARDS,
very little is known about the role the endogenous inhibitor of TF, TFPI, in the lung. De
Moerloose et al. (16) measured procoagulant activity and TFPI levels in BAL fluid from
patients with interstitial lung disease, pneumonia, Pneumocystis carinii pneumonia (PCP), and
normal controls. They found a significant increase in TFPI in both pneumonia and PCP patients
compared with controls; these patients still had increased BAL procoagulant activity, and there
was no relationship between TFPI levels and procoagulant activity (16). Sabharwal et al.
(38) showed that TFPI levels in BAL fluid of patients at risk for ARDS and those with ARDS
were 7-fold and 20-fold higher than normal controls, but no other measures of procoagulant
activity were made.

In this study, we first tested whether patients with ARDS had elevated levels of TFPI protein
in undiluted pulmonary edema fluid compared with a control population of critically ill patients
with hydrostatic edema. TFPI levels in the air spaces were significantly higher in patients with
ARDS compared with controls with a median level of 23,600 pg/ml in ARDS. Despite these
high levels of TFPI in the alveolar compartment, pulmonary edema fluid from patients with
ARDS contains high levels of TF-dependent procoagulant activity as measured by clot
formation time of normal plasma (4). Based on these observations, we hypothesized that the
TFPI protein in the air spaces in patients with ARDS was in a truncated and thus inactive form.
To test this hypothesis, we measured truncated TFPI protein by ELISA and found that
significantly more of the TFPI protein is truncated and thus inactive in patients with ARDS
compared with those with hydrostatic edema. This finding provides a mechanism for the
finding that pulmonary edema fluid retains TF procoagulant activity despite high levels of TFPI
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protein, and this result has implications for therapeutic manipulation of intra-alveolar fibrin
deposition by introducing TFPI locally into the alveolar space.

To our knowledge, no prior studies on the role of TFPI in the pathogenesis of ARDS have
examined the cellular origin of TFPI. Although intra-alveolar TFPI might, in part, originate
from the systemic circulation and enter the alveolar space as a result of increased
alveolocapillary membrane permeability, there are also potential local sources of TFPI within
the lung. The alveolar epithelium is a key regulator of the intra-alveolar environment and has
many important functions in the development and resolution of ARDS including surfactant
production (18), repair of the alveolar epithelial barrier (32), and modulation of fibrin
deposition (26). Our group (4) has shown that the alveolar epithelium can activate coagulation
through upregulation of TF and modulate coagulation via the protein C pathway (39) in
response to inflammatory stimuli. In immunohistochemical studies of TFPI protein in lung
sections of patients with ARDS compared with patients who died without ARDS, we found
that basally, TFPI is present along alveolar septae and in the alveolar epithelium. In ARDS,
TFPI is present in the air spaces, hyaline membranes, alveolar epithelium, and alveolar
macrophages, and the alveolar septal staining is no longer evident. TFPI staining was specific
to the cells lining the distal air spaces and was not present in the pulmonary vascular
endothelium in blood vessels of any size. This is consistent with the current literature that
suggests that TFPI is not produced by the pulmonary vascular endothelium. In patients with
idiopathic pulmonary arterial hypertension, circulating TFPI levels are no different compared
with controls (9,13); however, in patients with parenchymal lung diseases such as idiopathic
pulmonary fibrosis (10) and chronic obstructive pulmonary disease (11), TFPI levels were
elevated compared with controls. These findings suggest that under basal conditions in the
lung, TFPI is present only in the cells that line the alveolar space and is released into the alveolar
space in the setting of acute lung injury.

We next wanted to test the hypothesis that the alveolar epithelium is a source of TFPI. We
found that following stimulation with cytomix, A549 cells release TFPI protein into the media
without a significant increase in TFPI mRNA or protein production. This confirmed our
immunostaining findings and suggests that under basal conditions, the alveolar epithelium
expresses TFPI protein that is released from the epithelium in response to an inflammatory
stimulus. Although the A549 cells released high levels of TFPI, the conditioned media retained
TF-dependent procoagulant activity. One possible explanation is that TFPI released from the
cells is truncated, similar to what is seen in ARDS. However, in our cell culture system, less
than 10% of the TFPI released was truncated, presumably because the cell culture system does
not contain metalloproteases or neutrophil elastases. There are other potential explanations for
the failure of the TFPI released into the conditioned media to inhibit TF-dependent
procoagulant activity. TFPI anticoagulant activity is dependent on several factors including
GPI cell surface binding (31) and association with other proteins such as protein S (19), or non-
protein factors such as LDL (36), all of which could affect the ability of TFPI to inhibit TF
procoagulant activity.

These findings are important for several reasons. First, this is the first report of TFPI protein
production and release by the alveolar epithelium. Others have measured TFPI in BAL from
patients with ARDS and pneumonia, but the cellular origin of the protein has not been
described. Our finding is critically important because it identifies a local target in the lung (the
alveolar epithelium) that can be directly targeted to modulate intra-alveolar TF activity.
Second, this report demonstrates that the majority of TFPI in the air spaces in ARDS is inactive.
Several investigators have identified proteases that cleave fulllength TFPI, many of which are
derived from inflammatory cells and are very high in the air spaces in ARDS. This is an
important observation that must be taken into consideration for future studies that attempt to

Bastarache et al. Page 7

Am J Physiol Lung Cell Mol Physiol. Author manuscript; available in PMC 2009 October 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



modulate intra-alveolar TF activity. Even the intra-alveolar administration of TFPI might be
rendered inactive by the presence of high levels of proteolytic activity.

Our study has some limitations. First, the mechanism of TFPI truncation was not explored.
Others have shown that TFPI is sensitive to cleavage by neutrophil elastases (21,37) and
metalloproteases (5,15) and that the cleaved protein is inactive. Given the abundance of these
proteases in the air space in ALI/ARDS (34), it is likely that similar proteolytic mechanisms
are responsible for the cleavage of TFPI in the lungs. Second, while these experiments are the
first to characterize TFPI expression and release by the alveolar epithelium, the overall
functional significance of alveolar epithelial TFPI expression is still unknown. Animal studies
have shown lung protective effects of TF inhibition in the setting of sepsis (8,44), but a large,
randomized, placebo-controlled study of recombinant TFPI in sepsis did not show a benefit to
TFPI treatment (1). These conflicting results highlight the need for a better understanding of
the role of TF in the lung in ALI/ARDS and mandate continued study of the complex regulation
and balance of TF and TFPI in the lung. Inhibition of the TF pathway for therapeutic benefit
in ALI/ARDS could be achieved in several different ways, including recombinant TFPI, site-
inactivated VIIa, blocking antibody to Xa, and other small molecule inhibitors. Which inhibitor
to use, when to administer it, and whether to administer the inhibitor in the systemic circulation
or directly into the air spaces of the lung are still to be determined.

In summary, we have identified a potential role for the alveolar epithelium in modulating TF-
dependent fibrin deposition in the air spaces, through production and release of TFPI. However,
despite very high levels of intra-alveolar TFPI, the alveolar space still has significant amounts
of TF-dependent procoagulant activity because the majority of TFPI in the air spaces in ARDS
is truncated and inactive. Future studies aimed at modulating intra-alveolar TF activity through
induction of or administration of TFPI will need to consider the intra-alveolar milieu and the
possibility that lung-specific therapeutics may be compromised by proteolytic activity.
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Fig. 1.
Boxplot of tissue factor pathway inhibitor (TFPI) protein levels in acute respiratory distress
syndrome (ARDS) pulmonary edema fluid compared with hydrostatic edema fluid (HYDRO)
as measured by ELISA. Horizontal line represents median value, box represents 25th-75th
percentile, error bars represent 10th-90th percentile, open circles represent outliers. TFPI
protein levels were significantly higher in ARDS vs. HYDRO (P = 0.029 by Mann-Whitney
U test).

Bastarache et al. Page 12

Am J Physiol Lung Cell Mol Physiol. Author manuscript; available in PMC 2009 October 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Immunostaining for TFPI in patients who died with ARDS compared with controls who died
without evidence of pulmonary disease. In non-ARDS patients (A and B), there is linear TFPI
staining along the alveolar septae, likely representing staining of both type I and type II alveolar
epithelial cells. In ARDS patients, the linear staining is lost and the majority of TFPI labeling
is seen in alveolar exudates (arrow in C) with some residual staining in alveolar lining cells.
B and D represent a higher magnification of panels A and C.
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Fig. 3.
TFPI protein is released by A549 cells over time in response to cytomix (TNF-α, IL-1β, and
IFN-γ) (A) with no change in TFPI protein concentration in cell lysates over the same time
period (B). In both panels, light-shaded bars represent cells incubated with serum-free media,
whereas the dark-shaded bars represent incubation with 20 ng/ml cytomix in serum-free media.
*P < 0.001 vs. 0, 1, 3, 6 h; #P = 0.003, 0.004, 0.10, 0.03, vs. 0, 1, 3, 6 h by ANOVA with post
hoc Tukey test.
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Fig. 4.
Semiquantitative fold increase in TFPI mRNA in A549 cells over time in response to 20 ng/
ml cytomix. There is no change in mRNA expression over time.
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Fig. 5.
Clot time of conditioned media from A549 cells treated with cytomix (open bars) vs. controls
(shaded bars). Clot time was significantly shorter in cytomix-treated cells at both time points.
*P < 0.001 vs. 16-h control, **P < 0.001 vs. 24-h control by Student’s t-test.

Bastarache et al. Page 16

Am J Physiol Lung Cell Mol Physiol. Author manuscript; available in PMC 2009 October 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6.
Full-length TFPI released from A549 cells. Percent full-length TFPI was calculated as full-
length TFPI/total TFPI and is expressed as a mean percentage of full-length TFPI. All of the
TFPI released by untreated cells was full length, whereas TFPI released from cells treated with
cytomix for 16 and 24 h was 90.2% and 90.5% full-length, respectively, with the remainder
being truncated.
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Fig. 7.
Full-length and truncated TFPI levels in edema fluid from individual patients with ALI/ARDS.
Full bar represents total TFPI. Dark portion represents full-length TFPI and lightly shaded
portion represents truncated TFPI.
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