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Abstract
Introduction—Increased cardiovascular mortality and risk of venous thromboembolism are
serious extra-pulmonary complications of chronic obstructive pulmonary disease (COPD).
Previously, circulating active tissue factor (TF) and factor XIa (FXIa) have been reported to be
associated with acute coronary syndromes.

Objective—To measure plasma FXIa and active TF, prothrombin fragment 1.2 (F1.2), and
markers of systemic inflammation (C-reactive protein [CRP], interleukin-6 [IL-6], tumor necrosis
factor α [TNFα] and matrix metalloproteinase 9 [MMP-9]) in 60 patients with documented stable
COPD free of previous thromboembolic events.

Methods—In-house clotting assays using inhibitory monoclonal antibodies against FXIa and TF.

Results—FXIa was detected in 9 (15%) and TF activity in 7 (11.7%) COPD patients. Subjects
positive for FXIa and/or TF (n=10; 16.7%) had higher F1.2 (median [interquartile range], 398
[216] vs 192 [42] pM, p<0.000001), fibrinogen (5.58 [2.01] vs 3.97 [2.47] g/L, p=0.0007), CRP
(14.75 [1.20] vs 1.88 [2.95] mg/L, p<0.000001), IL-6 (8.14 [4.74] vs 2.45 [2.24] pg/mL,
p=0.00002), and right ventricular systolic pressure (47 [15] vs 38 [12] mmHg, p=0.023), and lower
vital capacity (66 [15] vs 80 [17] % predicted, p=0.04) than COPD patients without detectable
FXIa and TF. COPD severity was not associated with the presence of circulating FXIa and active
TF.

Conclusions—This is the first study to show that active FXIa and TF are present in stable
COPD patients, who exhibit enhanced systemic inflammation and thrombin generation. Our
findings suggest a new prothrombotic mechanism which might contribute to elevated risk of
thromboembolic complications in COPD.
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Chronic obstructive pulmonary disease (COPD) is mainly characterized by progressive
airflow limitation associated with abnormal inflammatory response of the lung to noxious
gases and particles. Recently, extra-pulmonary effects of COPD have been emphasized [1].
Exacerbations of COPD confer markedly increased risk of venous thromboembolism (VTE)
[1]. Cardiovascular (CV) mortality in patients with COPD is significantly (2–4 fold)
elevated, mostly as a result of coronary artery disease (CAD) [2]. A common cardiovascular
risk factor, namely smoking, has been suggested as one of the causes of this elevated
mortality. However, other risk factors, such as systemic inflammation, have been also
implicated [3].

Initiation of blood coagulation in vivo is mainly dependent on tissue factor (TF) exposed to
the blood flow upon vascular injury or expressed/exposed by some blood cells upon
stimulation with inflammation-related cytokines [4]. TF binds factor (F)VIIa, normally
present at a trace concentration in circulating blood, and initiates coagulation by accelerating
FIX and FX activation. Activated FIX and FX combine with their respective cofactors and
form the intrinsic FXase (FIXa-FVIIIa-calcium-membrane) and prothrombinase (FXa-FVa-
calcium-membrane) complexes, which convert FX to FXa and prothrombin to thrombin,
respectively.

It has been suggested several years ago that active TF is present on circulating
microparticles in blood of individuals with diabetes mellitus [5]. Recently, TF procoagulant
activity in blood of stable COPD patients has been suggested [6]. This TF activity did not
correlate with thrombin generation, reflected by the thrombin-antithrombin complex (TAT)
formation, although TAT levels were elevated in COPD patients. Procoagulant activity of
FVIIa was not significantly higher in COPD patients and an inverse correlation between
FVIIa and TF activity was observed.

Given the observations that increased levels of active FXIa are associated with higher risk of
venous and arterial thrombosis [7] and that a significant proportion of patients with acute
coronary syndrome (ACS), with previous myocardial infarction (MI) [8] and those with
inflammatory bowel disease (IBD) [9] contain FXIa and TF activity in their plasma, we
decided to investigate whether these two proteins can be detected in stable (moderate to very
severe) COPD patients. Moreover, we attempted to determine a possible mechanism, which
causes an occurrence of FXIa and TF activity in this patient population.

Patients and Methods
Patients

We studied 60 consecutive patients with documented COPD. Inclusion criteria were age >40
years and stable disease with postbronchodilator forced expiratory volume in one second
(FEV1) <80% predicted with FEV1/FVC (forced vital capacity) ratio <0.70 for at least 2
months. Exclusion criteria included the signs or symptoms of any acute illness, serum C-
reactive protein (CRP) levels >25 mg/l, congestive heart failure, left ventricular ejection
fraction <40%, cancer, hepatic injury, renal failure (creatinine >177 μM), a history of VTE,
anticoagulant treatment and acute coronary event within the previous 3 months. Smoking
was defined as current smoking of one cigarette or more daily. Patients performed
spirometric tests following American Thoracic Society standards. The Jagiellonian
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University Ethical Committee approved the study, and patients provided written, informed
consent.

Methods
Venous blood samples from fasting patients were taken into 0.13 mM trisodium citrate tubes
(Becton Dickinson, Franklin Lakes, NJ, USA) and centrifuged within 60 minutes at 2540g
for 20 minutes at 24°C. Platelet-poor plasma was aliquoted, frozen and stored at −80°C until
analyses. To determine FXIa and TF activity, we used inhibitory monoclonal mouse
antihuman FXI (αFXI-2) and mouse anti-human TF (αTF-5) antibodies (both produced in-
house) at a final 0.1 mg/mL concentration and measured their effect on clotting times as
previously described [8]. The quantitation limits of our TF and FXIa activity assays were 0.4
pM and 10 pM, respectively. Healthy individuals showed no detectable TF or FXIa activity.
To assess thrombin generation in circulating blood, we determined prothrombin fragments
1.2 (F1.2) in citrate plasma using an ELISA assay (Dade Behring, Marburg, Germany).
Fibrinogen was measured by the Clauss method, C-reactive protein (CRP) by latex
nephelometry (Dade Behring), and interleukin-6 (IL-6), tumor necrosis factor α(TNFα) and
matrix metalloproteinase-9 (MMP-9) by ELISA (R & D Systems, Abingdon, UK). All the
intra-assay and inter-assay coefficients of variation were below 7%.

Statistical analysis
Data are expressed as mean ±SD or as median (interquartile range) unless otherwise stated.
The Kolmogorov-Smirnov test was used to assess conformity with a normal distribution.
Between groups comparisons were performed using the t-test for independent variables, or
Mann-Whitney U-test as appropriate. Pearson or Spearman correlation coefficients were
determined to assess associations between variables, as appropriate. Categorical variables
were compared by the two-sided Fisher exact test. The level of significance was set at
P<0.05.

Results
Characteristics of COPD patients are presented in Table 1. They were predominantly male
(91.7%) aged 44–81 years, mostly at 2nd and 3rd stage of the COPD (in the 4-stage severity
classification); hypertension and smoking were the most common cardiovascular risk
factors. FXIa and/or TF activity data are presented in Table 2. Detectable plasma activity of
FXIa was observed in 9 of 60 (15%) patients. Quantifiable amounts (>10 pM) of plasma
FXIa were detected in 8 of these patients (13.3% of all COPD patients). One patient had
FXIa concentration below 10 pM. The concentration of quantifiable FXIa varied from 16 to
124 pM with a median value of 42 pM . Plasma TF activity was detected in 7 of 60 (11.7%)
COPD patients, 6 of which also had FXIa in their plasma. Only 3 COPD patients had TF
activity above 0.4 pM in the range from 0.5 to 1.3 pM.

FXIa- and/or TF-positive patients did not differ from those not displaying detectable FXIa
and TF activity in plasma with respect to demographics, BMI, glucose and creatinine levels,
smoking and cigarette pack-years, and a COPD severity (airflow limitation) indicator.
However, a trend for higher age in patients with FXIa and/or TF detectable activity was
observed (Table 2). FXIa-and/or TF-positive COPD patients had significantly higher F1.2,
fibrinogen, CRP, and IL-6 than those without detectable FXIa and TF activity (Figure 1).
Plasma F1.2 correlated positively with fibrinogen (R=0.32, p=0.012), CRP (R=0.42,
p=0.000008) and IL-6 (R=0.4, p=0.002), and negatively with VC (R= −0.31, p=0.018).
COPD patients with both detectable TF and/or FXIa activity had significantly higher plasma
F1.2 levels than those not displaying TF or FXIa activity (medians [IQR]: 475 [264] vs 192
[42] pM, p=0.00001). The same observation was valid for fibrinogen, CRP, IL-6 and
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MMP-9 (medians [IQR]: 5.58 [1.60] vs 3.97 [2.47] g/L, p=0.007; 14.55 [5.30] vs 1.88 [2.95]
mg/L, p=0.000006; 6.99 [2.35] vs 2.46 [2.24] pg/mL, p=0.0008; 859 [232] vs 477 [273] ng/
mL, p=0.027, respectively).

All COPD patients with detectable activities of FXIa and/or TF have CRP levels above 3
mg/L. These and other patients with CRP levels above 3 mg/L (n=28) have significantly
higher levels of fibrinogen, F1.2, and IL-6, and lower VC than remaining COPD subjects
(medians [IQR]: 4.92 [1.85] vs 3.02 [2.01] g/L, p=0.00036; 236 [126] vs 181 [37] pM; p =
0.0001; 4.16 [4.55] vs 2.32 [2.00] pg/mL, p=0.0008; 73 [22.5] vs 83 [18] % predicted,
p=0.01, respectively). Coagulant and inflammatory markers were not related to COPD
severity (classification based on decrease of FEV1; data not shown). Interestingly, there
were FXIa- and TF-related differences in pulmonary function tests and an echocardiographic
measure of pulmonary artery pressure (right ventricular systolic pressure [RVSP]). FXIa-
and/or TF-positive patients had significantly lower vital capacity (VC; 65±14 vs. 80±13%
predicted; p=0.004) and higher RVSP (49±13 vs. 39±17 mm Hg; p=0.023) than FXIa- and
TF-negative COPD subjects (Table 2).

Discussion
To our knowledge, this study is the first to demonstrate detectable activity of FXIa in COPD
patients, mostly accompanied by the detectable TF activity. Previously we showed that
circulating FXIa was observed in 96% of patients with ACS, in 76% of subjects with a
history of MI [8] and in 66% of patients with IBD [9]. 38% of ACS patients and only 6% of
stable CAD patients showed detectable TF activity [8]. Similar to ACS, 34% of IBD and
37% of heart failure patients had detectable TF activity in their plasma [9,10]. In all three
groups of patients, all individuals with detectable TF activity contained circulating FXIa.

In the current study, circulating levels of active TF in the COPD patients were significantly
lower compared to those observed in acute coronary ischemia whereas concentration of
active FXIa was only slightly lower than that observed in stable angina subjects who
survived MI [8]. Increased levels of markers related to systemic inflammation (including
IL-6) and enhanced thrombin generation determined by plasma F1.2 in FXIa-positive COPD
patients is in line with earlier studies [6,11,12] and suggest that most likely thrombin, not the
contact pathway, accounts for FXI activation in COPD patients. The presence of elevated
IL-6 suggests an increased TF expression on blood and vascular cells [13]. As a
consequence, an extrinsic pathway of thrombin generation is induced leading to an elevated
production of this enzyme. When generated, thrombin activates zymogen FXI to its active
form FXIa [14].

We have found detectable TF activity in ~12% of COPD patients. However, this does not
mean that other COPD patients do not have active TF in their blood; it may simply be
present at the concentrations below our detectability limit. For example, the results of our
previous study showed that the concentration of active TF in blood from healthy individuals
does not exceed 20 fM (if present at all) [15]. Thus, if TF present in COPD patients between
20 fM and the detectability limit, it will be not registered in our clotting assay. Largely due
to the lack of validated and reliable commercial assays for TF antigen and activity [16,17],
there are marked discrepancies in published concentrations of TF in blood of healthy
individuals and in those with various diseases, with high (reaching sub-nanomolar) TF
concentrations reported [15,18,19]. Several lines of evidence clearly indicate that such high
functional TF levels would cause plasma or blood clotting within minutes (seconds) [15].
Since our assay for TF activity determination in citrated plasma has been validated and used
in clinical settings [8], we believe that this analysis provides better quantitation of active TF
concentrations in plasma obtained from patients.
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As in the acute MI patients [8], we observed that detectable amounts of active FXIa are
permanently present in plasma despite the abundance of numerous inhibitors for serine
proteases (serpins) because none of these inhibitors can effectively inhibit FXIa [20]. As a
consequence, 80 to 90% of active FXIa can survive in citrate blood for at least 30 min
required for citrate plasma preparation [8]. There is no de novo FXIa generation observed in
citrate plasma at room temperature over a period of 75 min either in the presence of contact
pathway inhibition or in the absence of it [8]. These data indicate that plasma FXIa in the
current study does indeed reflect the in vivo levels of this enzyme.

Our study corroborates with previous reports suggesting the role of systemic inflammation
in increased CV mortality of COPD patients [3], as we have found elevated levels of CRP
and IL-6 in FXIa- and TF-activity positive patients. It is not known if elevated TF and FXIa
activities (in concordance with or regardless of systemic inflammation) affect structure of
fibrin clots, which are composed of much denser networks and are more resistant to lysis in
COPD patients [21]. Systemic inflammation might play a role in the development of
pulmonary hypertension in COPD subjects since it was shown that CRP levels are
associated with higher pulmonary blood pressure in these patients [22]. We were not able to
replicate this observation but found higher right ventricle systolic pressures (reflecting
pulmonary artery pressure) in TF- and/or FXIa-activity positive than in negative COPD
patients. There was no correlation between the presence of detectable FXIa and/or TF
activity and the severity of COPD, which was determined by the decrease in FEV1 (airflow
limitation) indicator. No correlations between FEV1 and F1.2 or markers of systemic
inflammation were observed. However, coagulation markers might be associated with
pulmonary function; we found markedly decreased VC in FXIa-positive COPD patients and
a significant inverse correlation between VC and F1.2. These novel observations need
further investigation.

The current study has several limitations: 1) the number of patients studied was relatively
small, therefore some subgroup analyses should be interpreted with caution; 2) our analyses
were based on a determination of each variable at a single time point. It is likely that with
time and during exacerbations, concentrations of FXIa and/or active TF will undergo
changes; 3) statistical associations reported here do not necessarily infer cause-effect
relationships. Further studies of COPD patients with long-term follow-up are needed to
evaluate a potential impact of the presence of circulating active TF and/or FXIa on
cardiovascular events beyond MI, including ischemic stroke [23,24].

In conclusion, the current study demonstrates the presence of detectable FXIa and/or TF
activity in a subset of stable COPD patients. These procoagulant activities are associated
with markers of systemic inflammation and thrombin generation but not with the disease
severity assessed by airflow limitation. The presence of FXIa and/or active TF in circulating
blood might contribute to the risk of thrombotic complications of COPD, highlighting close
links between chronic inflammation and blood coagulation. It remains to be established
whether these two factors may help identify COPD patients at increased risk of myocardial
infarction and possibly other thrombotic complications.
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Fig. 1.
Prothrombin fragment 1.2 (F1.2; A), fibrinogen (B), C-reactive protein (CRP; C),
interleukin 6 (IL-6; D), matrix metalloproteinase 9 (MMP-9; E), and FXIa (F) in COPD
patients with detectable FXIa and/or TF activity (FXIa/TF+; n=10) as compared to patients
without detectable FXIa and/or TF activity (FXIa-TF-; n=50). Medians and interquartile
ranges are shown.
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Table 1

Characteristics of patients with COPD

Parameter COPD patients
(n=60)

Age, years 62.5±10.1

Sex, M/F 55/5

BMI, kg/m2 25.5±4.7

Current smokers, n (%) 22 (36.7)

Cigarettes, pack years 32±17

Hypertension, n (%) 28 (46.7)

Diabetes, n (%) 9 (15)

Previous MI, n (%) 4 (6.7)

Spirometry

FEV1, % predicted 55.6±15.8

FEV1/FVC, % predicted 58.1±10.7

VC, % predicted 77.7±14.3

Echocardiography

EF, % 61.4±8.6

RVSP, mm Hg 40.9±9.5

Laboratory tests

Glucose, mM 4.7 (1.0)

Creatinine, µM 86.5±20.2

Fibrinogen, g/l 4.14±1.60

CRP, mg/l 2.87 (5.16)

IL-6, pg/ml 3.07 (3.32)

TNFα, pg/ml 1.93 (0.85)

MMP-9, ng/ml 482.8 (266.6)

F1.2, pM 195.9 (80.9)

Results are expressed as mean ± SD or median (interquartile range). BMI, body mass index; CRP, C-reactive protein; EF, ejection fraction of left
ventricle; F1.2, prothrombin fragment 1.2; FEV, forced expiratory volume in 1 second; FVC, forced vital capacity; IL-6, interleukin 6; MMP-9,
matrix metalloproteinase 9; RVSP, right ventricle systolic pressure; TNFα, tumor necrosis factor α; VC, vital capacity
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Table 2

Comparisons of COPD patients with respect to FXIa and/or TF activity

Parameter FXIa and/or TF activity

Present (n=10) Absent (n=50) p-value

Age, years 74.5 (20) 63 (16) 0.082

Sex, M/F 10/0 45/5 0.578

BMI, kg/m2 23.7 (6.0) 24.7 (5.1) 0.396

Current smokers, n (%) 6 (60) 16 (32) 0.149

Cigarettes, pack years 36.5 (25) 30 (22.5) 0.943

Spirometry

FEV1, % predicted 51.5 (19) 58 (18) 0.293

FEV1/FVC, % predicted 64 (12) 59.5 (16) 0.234

VC, % predicted 66 (15) 80 (17.2) 0.004

Echocardiography

EF, % 60 (10) 61 (14) 0.331

RVSP, mm Hg 47 (15) 38 (12) 0.023

Laboratory tests

Glucose, mM 4.90 (0.30) 4.65 (1.10) 0.393

Creatinine, µM 78.5 (19) 87 (21) 0.525

Fibrinogen, g/l 5.58 (2.01) 3.97 (2.47) 0.0007

CRP, mg/l 14.75 (1.20) 1.88 (2.95) <10−6

IL-6, pg/ml 8.14 (4.74) 2.45 (2.24) 0.000003

TNFα, pg/ml 2.41 (2.48) 1.88 (0.67) 0.243

MMP-9, ng/ml 606 (457) 477 (273) 0.150

F1.2, pM 398 (216) 192 (42) <10−6

FXIa, pM 39.5 (81.0) ND -

Results are expressed as median (interquartile range). COPD, chronic obstructive pulmonary disease; FXIa, coagulation factor XIa; TF, tissue
factor; ND, not detected; other abbreviations, see table 1. FXIa was detected in 9 patients, and quantifiable in 8 subjects.
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