
More Evidence for Inflammatory Thrombosis in Chronic
Thromboembolic Pulmonary Hypertension
Is the Embolic Hypothesis Losing Ground?

Chronic thromboembolic pulmonary hypertension (CTEPH) is a
subset of pulmonary vascular disease that is characterized by
obstruction of pulmonary arteries with fibrotic thrombus, with layers
of fresh thrombus in about 40% of cases, that is amenable to cure by
surgical pulmonary endarterectomy (PEA). In recent years,
multimodality treatments, including balloon pulmonary angioplasty
andmedical treatments, have made CTEPH one of the best treatable
forms of pulmonary vascular disease. CTEPH has been reported as a
long-term complication of acute pulmonary embolism (PE), with
estimated cumulative incidences between 0.1% and 9.1% within the
first 2 years after symptomatic PE (1). Both recurrent venous
thromboembolism and unprovoked PE are associated with a higher
risk of CTEPH, with odds ratios of 3.2 and 4.1, respectively (2). These
observations are confirmed by data from the European CTEPH
registry (3), lending support to the concept of a thromboembolic
origin of CTEPH. However, CTEPH pathogenesis is still not easily
explained. Only recently, research has underpinned the concept of
“inflammatory thrombosis” as a trigger for abnormal propagation of
fresh thrombus on the endothelial surface and the transition of fresh
thrombus to fibrotic tissue (4).

In this issue of the Journal, Manz and colleagues (pp.
806–818) (5) performed meticulous studies using endothelial
cells isolated from patients during PEAs and modeled flow of
whole blood and platelets in vitro to study platelet-endothelial
cell interactions. The authors show that vWF (von Willebrand
factor) is increased in plasma and the pulmonary endothelium of
CTEPH. CTEPH patient-derived pulmonary artery endothelial
cells show increased platelet adhesion compared with control,
which is abrogated by a monoclonal antibody directed against the
A1 domain of vWF. Increased platelet adhesion is mediated by
enhanced vWF gene expression and by an increase of endothelial
nuclear factor (NF)-kB2. Increased histone acetylation of the
vWF promotor in CTEPH endothelium and reduced histone
trimethylation (H3K27me3) facilitate binding of NF-kB2 to the
vWF promotor during vWF transcription. Genetic interference
of NF-kB2 normalized high vWF RNA expression levels and
reversed the prothrombotic phenotype.

This work provides powerful confirmation of an important
role of inflammatory thrombosis in the pathogenesis of CTEPH.
The mammalian Rel/NF-KB family of transcription factors,

including RelA, c-Rel, RelB, NF-KB1 (p50 and its precursor
p105), and NF-KB2 (p52 and its precursor p100), is a central
regulator of inflammation. The five members of the NF-KB
family are normally kept inactive in the cytoplasm by interaction
with inhibitors called IkBs or the unprocessed forms of NF-KB1
and NF-KB2. Antigen receptors, pattern-recognition receptors,
receptors for the members of TNF-a and IL-1 cytokine families,
and others induce differential activation of NF-KB heterodimers.
NF-KB activation induces adhesion molecules promoting
binding and transmigration of leukocytes (6). Recently,
neutrophil activation and neutrophil extracellular traps (NETs),
which are in sequence with NF-KB activation, were shown to
increase clot size and enhance transforming growth factor b
signaling, which leads to fibrotic thrombus remodeling in
CTEPH (4). Neutrophil activation is a hallmark of CTEPH (4). A
majority of CTEPH risk factors (e.g., Crohn’s disease, ulcerative
colitis, chronic osteomyelitis, Behcet’s disease, Staphylococcus-
infected intravenous lines including infected ventriculoatrial
shunts, chronic leg ulcers, Familial Mediterranean Fever, and
cancer classify as NETs-driven diseases) (7).

Despite the demonstration of a contribution of platelets to
CTEPH thrombosis (5), the precise role of platelets in CTEPH is still
unclear. For example, the proportion of platelets in fresh CTEPH
thrombus is unknown.What we know is that platelet counts and
global platelet function tests in CTEPH are usually normal.
Furthermore, venous thrombi and pulmonary emboli contain fewer
platelets than arterial thrombi (8). While Yaoita and colleagues (9)
reported highly activated platelets in CTEPH that were
hyperresponsive to thrombin stimulation, it was recently reported that
in patients with phospholipid antibodies, a risk factor for CTEPH,
platelets show increased baseline activation but decreased reactivity,
presumably as a consequence of inflammatory preactivation (10). In
the experiments of Manz and colleagues (5), platelet adhesion was
only 1.5-fold higher in CTEPH than controls. This observation
constitutes a weak signal but is of interest as new data suggest that
NF-KB signaling is a modulator of platelet function (6).

Over more than 20 years, the “embolic hypothesis” in CTEPH
pathogenesis has been in scientific competition with the hypothesis of
“thrombosis in situ of the pulmonary arteries” (11), and with their
work, authors stimulate a new discussion of this question. The
assumption of a thromboembolic origin of CTEPH is based on an
association with large and recurrent venous thromboembolism (12),
venous malformation (13), right atrial thrombi, coagulation factor
deficiencies, and circulating phospholipid antibodies. The role of
vWF in venous thrombosis, thrombosis recurrence, and CTEPH (14)
is well established and further supports the thromboembolic
hypothesis. However, vWF is also a component of platelet alpha
granules and an important endothelial cell protein stabilizing factor
VIII, which is in linkage equilibrium with blood groups, that
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represent another risk factor for CTEPH (14). The in situ thrombosis
concept is in line with old studies showing the expression of
plasminogen activator inhibitor type 1 in endothelial cells lining
CTEPH thrombus channels (1). However, epigenetic modifications of
the vWF promotor and increased binding of NFkB2 with enhanced
platelet aggregation on endothelial cells represent a novel mechanism
of in situ thrombosis. We agree with CTEPH basic scientists that in
situ thrombosis remains an amplifier of pulmonary vascular disease
in CTEPH, but the data of Manz and colleagues (5) do not speak
against thromboembolism, which appears evident for the CTEPH
clinician.�
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Is There a Role for Using Race-Specific Reference Equations?
Yes and No

We know that normal lung function is determined by age, sex, and
height, but what is the role of race? Race is considered a socially
defined construct and not a biological one (1, 2). One way to assess
the contribution of self-reported race or ethnicity to lung function is
through statistical modeling. Even thoughmuch of the regression
error can be accounted for by a variety of anthropomorphic,
environmental, nutritional, and socioeconomic factors, small
differences in lung function across different racial or ethnic groups

remain (3–5), indicating that we need to learn more about the role of
race and ethnicity in determining lung function. Another approach is
to relate lung function interpreted with and without race-specific
equations to important clinical outcomes. This method has suggested
that mortality in African Americans is more closely linked to lung
function interpreted according to the Third National Health and
Nutrition Examination Survey (NHANES-III) White (6) or race
nonspecific Global Lung Function Initiative (GLI)-Other (7) reference
equations rather than equations specific to African Americans (8–10),
questioning the utility of race-specific reference equations.

In this issue of the Journal, Baugh and colleagues (pp. 819–829)
examine how race influences the association of lung function to
chronic obstructive pulmonary disease (COPD) outcomes in African
Americans in the SPIROMICS (SubPopulations and InteRmediate
OutcomeMeasures In COPD Study) dataset (11, 12). Lung function
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