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Abstract
Objective—To investigate if plasma DNA is elevated in patients with deep vein thrombosis
(DVT) and to determine whether there is a correlation with other biomarkers of DVT.

Background—Leukocytes release DNA to form extracellular traps (ETs), which have recently
been linked to experimental DVT. In baboons and mice, extracellular DNA co-localized with von
Willebrand factor (VWF) in the thrombus and DNA appeared in circulation at the time of
thrombus formation. ETs have not been associated with clinical DVT.

Setting—From December 2008 to August 2010, patients were screened through the University of
Michigan Diagnostic Vascular Unit and were divided into three distinct groups: 1) the DVT
positive group, consisting of patients who were symptomatic for DVT, which was confirmed by
compression duplex ultrasound (n=47); 2) the DVT negative group, consisting of patients that
present with swelling and leg pain but had a negative compression duplex ultrasound, (n=28); and
3) a control group of healthy non-pregnant volunteers without signs or symptoms of active or
previous DVT (n=19). Patients were excluded if they were less than 18 years of age, unwillingness
to consent, pregnant, on an anticoagulant therapy, or diagnosed with isolated calf vein thrombosis.

Methods—Blood was collected for circulating DNA, CRP, D-dimer, VWF activity,
myeloperoxidase (MPO), ADAMTS13 and VWF. The Wells score for a patient’s risk of DVT was
assessed. The Receiver Operating Characteristic (ROC) curve was generated to determine the
strength of the relationship between circulating DNA levels and the presence of DVT. A
Spearman correlation was performed to determine the relationship between the DNA levels and
the biomarkers and the Wells score. Additionally the ratio of ADAMTS13/VWF was assessed.
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Results—Our results showed that circulating DNA (a surrogate marker for NETs) was
significantly elevated in DVT patients, compared to both DVT negative patients (57.7±6.3 vs.
17.9±3.5ng/mL, P<.01) and controls (57.7±6.3 vs. 23.9±2.1ng/mL, P<.01). There was a strong
positive correlation with CRP (P<.01), D-dimer (P<.01), VWF (P<.01), Wells score (P<.01) and
myeloperoxidase (MPO) (P<.01), along with a strong negative correlation with ADAMTS13 (P<.
01) and the ADAMTS13/VWF ratio. The logistic regression model showed a strong association
between plasma DNA and the presence of DVT (ROC curve was determined to be 0.814).

Conclusions—Plasma DNA is elevated in patients with deep vein thrombosis and correlates
with biomarkers of DVT. A strong correlation between circulating DNA and MPO suggests that
neutrophils may be a source of plasma DNA in patients with DVT.

INTRODUCTION
Extracellular DNA has recently been shown to contribute to thrombosis in animal models
(1). Neutrophils and other leukocytes are known to release DNA fibers to form extracellular
traps (ETs) (2–5). Neutrophils are one of the main inflammatory cell types that participate in
acute deep vein thrombosis (DVT) (6). In experimental DVT in baboons (7) and mice (8,
9)e, ETs are a structural part of the thrombus and co-localize with von Willebrand factor
(VWF). In vitro, ETs provide a scaffold and stimulus for thrombus formation (7, 10). ETs
bind adhesion molecules such as (VWF) and fibrinogen, promote fibrin formation, platelet
aggregation and act to recruit red blood cells. In vivo, it is possible that DNases in plasma
degrade ET in venous thrombi liberating DNA fragments into circulation (11). Pertaining to
experimental DVT, DNA appears in baboon (7) and murine plasma (8) at the time of
thrombus formation. Our aim was to determine whether plasma DNA could be detected in
patients with acute DVT and have the potential to serve as a diagnostic tool.

METHODS
Patient Stratification, Groups, and Inclusion / Exclusion Criteria

From December 2008 to August 2010, patients were screened through the University of
Michigan Diagnostic Vascular Unit and were divided into three distinct groups: 1) the DVT
positive group including patients who were symptomatic for DVT, which was confirmed by
compression duplex ultrasound by standard criteria (see below, n=47), 2) the DVT negative
group consisting of patients presenting with swelling and leg pain but having a negative
compression duplex ultrasound, (n=28) and 3) a control group of healthy non-pregnant
volunteers without signs or symptoms of active or previous DVT (n=19). Symptoms in the
DVT negative group were determined in two third of the cases, caused by post-procedure
pain, musculoskeleton disorders (osteoarthritis, fibromyalgia, etc.), cellulitis, and non-DVT
associated edema. In one third of the cases the cause of the symptoms was less well defined.
Controls were recruited randomly from the University of Michigan “Engage” website and
underwent an ultrasound evaluation (upper and lower limbs) to exclude the presence of DVT
at the time of their enrollment. Patients and controls demographics are listed in Table 1.
Patient’s demographics were comparable except for patient location (out patients vs. in
patients), active cancer and PE. The University of Michigan’s Institutional Review Board
approved this protocol (HUM00024067) and all patients and controls signed written
informed consent forms prior to enrollment.

Color venous duplex ultrasound was performed at the time of patient recruitment. The
criteria for a positive duplex ultrasound were the inability to compress the vein, evidence of
venous dilatation, and an echo lucent pattern within the vein. Patients with proximal DVT
(DVT at or above the knee) were recruited as DVT positive patients and those where
ultrasound could not demonstrate a DVT were recruited as DVT negative patients. All
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ultrasound studies were performed at the Diagnostic Vascular Unit at the University of
Michigan, an Intersocietal Commission for the Accreditation of Vascular Laboratories
(ICAVL) approved laboratory. Patient demographics and clinical characteristics were
recorded, including the Wells score along with all clinical risk factors associated with DVT.

Exclusion criteria were age younger than 18 years, unwillingness to consent, pregnancy,
anticoagulant therapy, or a diagnosis of isolated calf vein thrombosis. This patient
population was part of the “Michigan DVT Study” (12). Patient demographics and clinical
characteristics were recorded, including the Wells score along with all clinical risk factors
associated with DVT.

Sample Processing
At the time of enrollment/consent, venous blood was collected into 3.2 % sodium citrate
tubes, centrifuged for 10 minutes at 2000 g at 4°C (except for plasma samples to determine
ADAMTS13 and Von Willebrand factor (VWF) levels that underwent extra centrifugation
[2 minutes at 15000 g at 25°C]), plasma was drawn off, snap frozen in liquid nitrogen and
stored at −70°C. Patients that were positive for DVT had their blood samples drawn before
anticoagulant therapy was initiated.

Quantification of plasma DNA
Plasma DNA was quantified as previously described (13). Plasma was diluted (1:10; v:v) in
phosphate buffered saline (PBS, Invitrogen, Grand Island, NY). Diluted plasma was then
mixed with 50-µl of PBS containing SytoxGreen (final concentration 2-µM, Invitrogen,
Grand Island, NY) to label DNA. Fluorescence was recorded using fluorometer with a 485
excitation and 538 emission filter set (Fluoroskan, Thermo Fisher Scientific, Waltham, MA).
Autofluorescence was considered as background and determined in samples mixed with
PBS without SytoxGreen. DNA concentrations were calculated based on a standard curve of
known concentrations of DNA (Invitrogen, Grand Island, NY).

Biomarker determinations
Soluble P-Selectin, D-dimer, and C-Reactive Protein Assays—Enzyme-linked
immunosorbent assays were used to evaluate circulating sP-sel levels (Hyphen Biomed,
Neuvillesur- Olse, France), D-dimer (Hyphen Biomed, Neuvillesur- Olse, France), and CRP
levels (US Biological, Swampscott, Massachusetts). They were reported in ng/mL (sP-sel),
mg/L (D-dimer), and µg/mL (CRP).. Samples were prepared according to the
manufacturers’ instructions, run in duplicate, and read on an Elx808 plate reader (Biotek,
Winooski, VT) at 450nm wavelength. Analyses were performed in a blinded fashion, as the
samples were identified by a numbering system.

von Willebrand factor Assays—VWF: Activity was determined using INNOVANCE®
VWF Ac Kit and the VWF: Antigen using vWF Ag® Kit (both Siemens Healthcare
Diagnostics, Marburg, Germany) following manufacture instructions.

Quantification of myeloperoxidase (MPO)—MPO in plasma was quantified by
ELISA (ZEN MPO ELISA, Invitrogen, Grand Island, NY) according to manufacturer’s
instructions and measured in arbitrary units.

ADAMTS13 Activity—ADAMTS13 activity was determined by the slightly modified
FRETS-VWF73 assay (14, 15). A normal human plasma pool (NHP; Swiss Red Cross
Blood Services, Bern, Switzerland) was used for assay calibration. A dilution of NHP of
1:25 (v:v) in assay buffer (5mmol/L Bis-Tris, 25mmol/L CaC12, 0.005% Tween-20, pH 6.0
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supplemented with lmmol/L Pefabloc SC, Boehringer, Mannheim, Germany) was arbitrarily
set to correspond to 100%. Further assay calibration samples were obtained by serial pre-
dilutions of NHP of 3:4 (75%), 1:2 (50%), 1:4 (25%), 1:10 (10%), and 1:20 (5%) in heat-
inactivated NHP (30min at 56°C followed by 15min of centrifugation at 15,000g).
Subsequently, all of these latter standard samples, as well as heat-inactivated NHP (0%
ADAMTS13 activity) and all samples to be tested, were diluted 1:25 in assay buffer. 100-
[j,L of diluted standard and patients’ samples were incubated in a white 96-well plate
(NUNC, Roskilde, Denmark) for l0min at 37°C. Then l00-µL FRETS-VWF73 peptide
substrate (4µmol/L), dissolved in assay buffer, was added to each well and the evolution of
fluorescence was recorded at 37°C in a TEC AN GENios microplate reader (Tecan, Zurich,
Switzerland) equipped with a 340nm excitation and a 450-nm emission filter. Fluorescence
was recorded every 5min. The reaction rate was calculated by linear regression of
fluorescence over time from 5 to 60min.

Wells score
The Wells score for a patient’s risk of DVT was assessed as shown in Figure 1 (16).

Statistical Analysis
Data were analyzed using a one-way ANOVA with Tukey’s multiple comparison test,
Wilcoxon rank sum test, multiple logistic regression, and chi-square tests, where
appropriate. A value of P≤.05 was considered significant. Specifically, the data were
analyzed as follows: First, student t-tests and one-way analysis of variance were performed
comparing DNA values in the three groups. Then, a logistic regression model was utilized
with DNA as the only independent variable and the Receiver Operating Characteristic
(ROC) curve assessed the strength of the relationship between DNA and the presence of
DVT. A Spearman correlation was performed to determine the relationship of the DNA
value to the biomarkers, the Wells score and the ratio of ADAMTS13/VWF. Statistical
analyses were performed using GraphPad Prism Software (GraphPad Prism version 5.01 for
Windows, GraphPad Software, San Diego, CA) and SAS/IML software (SAS Institute,
Inc.,Cary, NC).

RESULTS
Plasma DNA

Plasma DNA was significantly increased in DVT positive patients, compared to controls
(57.7±6.3 vs. 23.9±2.1ng/mL, P<.01), and also to DVT negative patients (57.7±6.3 vs.
17.9±3.5ng/mL, P<.01). In addition, plasma DNA was not significantly elevated in DVT
negative patients when compared to controls (17.9±3.5 vs. 23.9±2.1ng/mL) (Figure 2).
There was no significant correlation between an increase in plasma DNA and gender, DVT
family history, race, previous DVT, surgery, cancer, chemotherapy or pulmonary embolism
(PE).

Logistic regression model between plasma DNA and the presence of DVT and correlation
between plasma DNA and biomarkers

The logistic regression model showed a strong association between plasma DNA and the
presence of DVT. From this analysis, the area under the ROC curve was determined to be
0.814, meaning that using DNA as a diagnostic tool for DVT has a specificity and sensitivity
of around 81% (Figure 3). A positive correlation was found between circulating DNA levels
and various biomarkers (see below in biomarkers section for individual results): CRP (P<.
01), D-dimer (P<.01), VWF (P<.01), Wells score (P<.01) and MPO (P<.01) (Table 2). A
significant negative correlation was observed between circulating DNA and ADAMTS13
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(P<.01). No correlation was found between plasma DNA and sP-sel or plasma DNA and
BMI (Table 2). In addition, using multivariable regression, with DNA as the dependent
variable and D-dimer, VWF, CRP, sP-sel and ADAMTS13 as the independent variables, we
identified that CRP, D-dimer and VWF were independently correlated with DNA (P<.05).

Biomarkers
Soluble P-Selectin—sP-sel was significantly increased two-fold in DVT positive
patients, compared to controls (71.8±4.5 vs. 41.5±5.3 ng/mL, P<.01), and was also elevated,
but not significantly in the DVT positive group, compared to DVT negative patients
(71.8±4.5 vs. 59.5±4.6ng/mL). Also DVT negative patients, showed significantly elevated
sP-sel levels compared to controls (59.5±4.6 vs. 41.5±5.3ng/mL, P<.05).

D-dimer—D-dimer was significantly increased 22-fold in DVT positive patients versus
controls (5.35±0.50 vs. 0.24±0.06mg/L, P<.01) and was also significantly elevated in the
DVT positive group when compared to DVT negative patients (5.35±0.50 vs. 0.83±0.02mg/
L, P<.05). In addition, D-dimer was significantly elevated in DVT negative patients,
compared to controls (0.83±0.02 vs. 0.24±0.06mg/L, P<.01).

CRP—CRP levels were significantly increased 24-fold in DVT positive patients, compared
to controls (4.94±0.80 vs. 0.19±0.07ng/mL, P<.01), and were also significantly elevated in
the DVT positive group compared to DVT negative patients (4.94±0.80 vs. 0.57±0.23ng/
mL, P<.01). In addition, CRP levels were not significantly elevated in DVT negative
patients, compared to controls (0.57±0.23 vs. 0.19±0.070ng/mL).

VWF activity and antigen—Plasma VWF activity was significantly increased in DVT
positive patients, compared to controls (233.7 ±17.3 vs.110.8±10.4%, P<.01), and was also
elevated in the DVT positive group, compared to DVT negative patients (233.7 ±17.3 vs.
150.1±17.1%) while, VWF activity was not significantly different in DVT negative patients
and controls (150.1±17.1vs. 110.8±10.4%).

Plasma VWF antigen was significantly increased in DVT positive patients, compared to
controls (307.7 ±26.8 vs. 107.7±10.6%, P<.01), and was also elevated in the DVT positive
group, compared to DVT negative patients (307.7 ±26.8 vs. 156.2±20.4%). In addition,
VWF antigen was significantly elevated in DVT negative patients, compared to controls
(156.2±20.4 vs. 107.7±10.6% activity, P<.05).

MPO—MPO plasma levels were significantly increased in DVT positive patients, compared
to controls (31.7±3.6 vs. 5.7±0.9 Arbitrary Units (A.U.), P<.01), and were also significantly
elevated in the DVT positive group compared to DVT negative patients (31.7±3.6 vs.
15.5±4.7A.U., P<.01). In addition, MPO levels were not significantly elevated in DVT
negative patients, compared to controls (15.5±4.7 vs. 5.7±0.9A.U.).

ADAMTS13 activity—The ADAMTS13 levels were significantly decreased in DVT
positive patients, compared to controls (87±3.6 vs. 104±4.4%, P<.01), and were also
significantly decreased in the DVT positive group compared to DVT negative patients
(87±3.6 vs. 102±4.2%, P<.05). There was no significant difference in the ADAMTS13
levels from DVT negative patients, compared to controls (102±4.2 vs. 104±4.4%).

ADAMTS13/VWF:activity ratios—The ADAMTS13/VWF:activity ratios were
calculated per individual patient sample and the means were: 1.11 (range 0.34 – 2.19) for
controls ; 0.90 (range 0.12 – 2.79) for DVT negative patients and 0.48 (range 0.12 – 1.31)
for DVT positive patients. The ADAMTS13/VWF:activity ratios were significantly

Diaz et al. Page 5

J Vasc Surg Venous Lymphat Disord. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



decreased in DVT positive patients, compared to controls (0.48±0.04 vs.1.11±0.11, P<.01),
and in the DVT positive group when compared to DVT negative patients (0.48±0.04 vs.
0.90±0.11, P<.01). There were no significant differences in the ADAMTS13/VWF activity
ratios from DVT negative patients, compared to controls (0.90±0.11 vs. 1.11±0.11) (Figure
4A).

The ADAMTS13/VWF:Ag ratios were calculated per individual patient sample and the
means were: 1.15 (range 0.34 – 2.02) for controls ; 0.88 (range 0.10 – 1.97) for DVT
negative patients and 0.40 (range 0.08 – 1.21) for DVT positive patients. The ADAMTS13/
VWF:Ag ratios were significantly decreased in DVT positive patients, compared to controls
(0.40±0.04 vs.1.15±0.11, P<.01), in the DVT positive group when compared to DVT
negative patients (0.40±0.04 vs. 0.88±0.09, P<.01). There were no significant differences in
the ADAMTS13/VWF:Ag ratios from DVT negative patients, compared to controls
(0.88±0.09 vs. 1.15±0.11) (Figure 4B).

Spearman correlations between plasma DNA and ADAMTS13/VWF activity ratio showed a
significant negative correlation in the control group (Spearman r −0.530; P<.05), and not
significant negative correlation in the DVT negative group (Spearman r −0.309) and the
DVT positive group (Spearman r −0.245), respectively.

Spearman correlations between plasma DNA and ADAMTS13/VWF Ag ratios showed a
significant negative correlation in the control group (Spearman r −0.493; P<.05) and in the
DVT negative group (Spearman r −0.395; P<.05). There was a negative correlation in the
DVT positive group (Spearman r −0.248).

DISCUSSION
Extracellular DNA has recently been reported to contribute to DVT through its interaction
with endothelial cells, platelets, red blood cells and effects on the coagulation and
thrombolysis processes (1). In addition, several recent reports indicate that extracellular
DNA and histones contribute to thrombosis (2–4). DNA has been shown to promote fibrin
formation by enhancing the activity of coagulation proteases of both the extrinsic and
intrinsic pathway (8, 17, 18). Histones enhance thrombin generation in a dose-dependent
fashion in the presence of fully activated platelets, an effect not dependent on tissue factor
(19) which causes platelet aggregation in connection with adhesion molecules such as
fibrinogen or VWF (20). Thus, histones induce platelet aggregation as well as platelet P-
selectin, phosphatidylserine and factor V/Va expression (19). In addition, in the presence of
histones, thrombin generation occurs independent of factor XII (19), and polyphosphate
(which is released from activated platelets) is able to induce thrombin generation in plasma
(21).

DNA and histones can be released from any apoptotic or necrotic nucleated cell including
neutrophils. In addition, leukocytes can release extracellular DNA traps by a process termed
NETosis, which is distinct from apoptosis and necrosis. Circulating DNA is a surrogate
marker for NETs. Several studies have shown that plasma DNA is associated or correlates
with plasma markers of neutrophils (such as MPO) indicating that neutrophil-derived DNA
may contribute to plasma DNA. Neutrophils, which are the predominant nucleated cells in
acute DVT, are able to release DNA and histones also in the form of ETs through
coordinated cell death program, which is distinct from apoptosis and necrosis (22). ETs have
been shown to participate in experimental DVT (7–9) as a structural part of in vivo thrombi
in mice (8, 9) and baboons (7) and in in vitro thrombi (10) generated in a flow chamber that
involve human platelets and neutrophils (7)(2). In addition, circulating DNA has been
investigated as potential biomarker in the context of pulmonary embolism (23, 24).
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However, there are no current data supporting that this phenomenon occurs in human DVT.
There is a clear limitation in obtaining tissue samples from the DVT site in humans, so
measuring circulating components of the biological processes, such as circulating DNA,
may help to understand human pathophysiology. Thus, we explored whether DNA would be
increased in DVT-positive patients, in comparison to control subjects. DNA levels were
observed to be significantly increased only in the DVT positive group, compared to both the
control (more than 2-fold) and DVT negative group (more than 3fold) (Figure 2).

It remains to be seen whether the data in this manuscript will help in the prevention of DVT
in high risk patients. However, the purpose of this study was to identify the presence of
circulating DNA (and by inference NETs) in patients with DVT for the very first time the
area under the ROC curve (0.814), performed using a logistic regression model, strongly
suggests that elevated plasma DNA could predict the presence of DVT (Figure 3). To further
investigate the correlation between increased levels of circulating DNA, and established
DVT biomarkers (soluble P-selectin, D-dimer, CRP) and other markers of interest (MPO,
VWF and ADAMTS13) in DVT positive patients, Spearman correlations demonstrated a
significant positive correlation between circulating DNA and CRP, D-dimer, VWF, and the
Wells score. In addition, CRP, D-dimer and VWF were independently associated with
plasma DNA. Since ETs are the product of an inflammatory process, the correlation with
CRP was expected. The correlation of D-dimer and DNA indicates that fibrinolysis and ETs
degradation may occur in parallel, perhaps one facilitating the other. The correlation
between plasma DNA and CRP levels and D-dimer, and the Wells score, support a
relationship between circulating DNA, inflammation and DVT. Because NETs have been
implicated in the pathogenesis of immune diseases, it is important to note that only one
patient with positive DVT had a possible autoimmune disorder underlining DVT - the
presence of Crohn’s disease.

It has been recently demonstrated that DNA co-localizes with VWF in thrombi from
baboons (7) and mice (8). VWF was found to be crucial for DVT initiation and platelet
recruitment in mice (25). In different clinical situations, such as sepsis, sickle cell disease,
myocardial infarction and ischemic stroke (26–29) an inverse correlation between VWF
levels and ADAMTS13 activity was observed. This is confirmed here as well, where we
observed lower ADAMTS13/VWF ratio in DVT negative patients compared to controls, and
the ratio were decreased even further in DVT positive patients. We documented a significant
positive correlation between circulating DNA and VWF and a significant negative
correlation between circulating DNA and ADAMTS13 (Table 2). This further supports a
relationship between circulating DNA, platelets, and DVT.

We have recently reported an association between circulating DNA and systemic
thrombosis(20). In patients with thrombotic microangiopathies (TMA), who suffer from life-
threating systemic thrombotic events, we detected elevated levels of plasma DNA and an
inverse correlation between plasma DNA and platelet counts. Plasma DNA was strongly
elevated (up to several microgram per ml) (20). In DVT patients, the amount of plasma
DNA was lower, compared to TMA patients. Importantly, in both studies, plasma DNA
strongly correlated with plasma MPO, an enzyme stored in neutrophil granules, indicating
that neutrophils may be the source of the circulating DNA.

A limitation of this study is the small number of patients and a much larger study will be
necessary to determine clinical relevance of circulating DNA as a diagnostic biomarker. A
second limitation is that the majority of the patients recruited in this study were outpatients
and as such, the applicability of this study to inpatients cannot be determined. Finally, D-
dimer and VWF Ag levels were elevated in the DVT negative patients. However, both D-
dimer and VWF Ag levels may have been elevated due to the presence of comorbid disease
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including: active malignancy (6 patients), recent major operation (3 patients), active
infection (1 patient), Crohn’s disease (1 patient), active malignancy and infection (1 patient),
and end stage liver disease (1 patient).

In summary, we found that plasma DNA was significantly elevated in patients with acute
DVT. This is the first report substantiating plasma DNA in clinical DVT. Further studies are
warranted in order to understand the exact role of circulating DNA in the pathogenesis of
DVT and the importance of degradation of DNA by DNases and VWF by ADAMTS13 in
successful thrombolysis.
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Figure 1.
DVT Wells score.
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Figure 2.
Comparison of circulating DNA levels in patients. DVT (+): DVT positive group; DVT (−):
DVT negative group; Control: Control group. Bars: represent ± standard error of the mean.
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Figure 3.
Logistic regression model of DNA values

Diaz et al. Page 12

J Vasc Surg Venous Lymphat Disord. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
ADAMTS13/VWF:activity (A) and ADAMTS13/VWF:Ag ratios (B) results. Control:
Control group; DVT (−): DVT negative group; DVT (+): DVT positive group. Bars:
represent ± standard error of the mean.
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