Univariate analysis

Multivariate analysis®

OR (95% CI)

Diabetes mellitus 0.86 (0.33-2.31)

CRP mg/L

Total cholesterol, mg/dL

Triglycerides, mg/dL 1.00 (0.99-1.00)

Systolic blood pressure, mmHg 1.00 (0.97-1.03)

BNP(5-32)/BNP(3-32) (per 0.1
unit increase)

0.60 (0.43-0.78)

Lipid-lowering agents 1.75 (0.52-8.05)

Drug-eluting stent not used 5.91 (2.16-16.80)

a P value of <0.05.

2 Only variables from the univariate analysis that had a P value of <0.2 were retained in the multivariate model. The final model included only variables that had

OR (95% CI)

0.63 (0.45-0.83) <0.00V1

<0.001 4.20 (1.40-12.99) 0.011

hood for presence of restenosis with each 0.1 U increase
in the BNP(5-32)/BNP(3-32) ratio. Importantly, this
ratio of the concentrations of processed forms of BNP
was to be found useful as a new biomarker to rule out
the presence of restenosis at cutoff concentrations of
1.52.

Our results suggest that processed forms of BNP,
especially BNP(5-32), may reflect the pathophysiolog-
ical process involved in restenosis. BNP is synthesized
as preproBNP(1-134), which results in proBNP(1-
108) after the removal of a 26-aa signal peptide.
ProBNP(1-108) is cleaved to a biologically inac-
tive amino-terminal NT-proBNP(1-76) and active
BNP(1-32) (13 ). A cardiac transmembrane serine pro-
tease, corin, and a ubiquitous serine protease, furin,
are currently proposed as possible convertases
(16, 28, 29 ). Recently, other processed forms of BNP,
including BNP(3-32), BNP(4-32), and BNP(5-32),
have been detected in plasma from heart failure pa-
tients in the presence of protease inhibitors benzami-
dine (as a trypsin, plasmin, thrombin inhibitor) and
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4-(2-aminoethyl)benzenesulfonyl fluoride hydrochlo-
ride (as an inhibitor for serine protease such as DPP-
IV) to minimize the effect of protease degradation
(15). Of the 3 processed forms of BNP, BNP(3-32) has
been reported to be processed from BNP(1-32) by
DPP-1V (14 ). BNP(4-32) has been reported to be pro-
cessed by corin from proBNP, not from BNP(1-32)
(16 ). Additionally, BNP(5-32) has been reported to be
processed possibly from BNP(1-32) by neutral endo-
peptidase (30 ), but another study has reported that
BNP(1-32) is resistant to neutral endopeptidase—
mediated cleavage (14 ). Further, a recent study has re-
ported that human proBNP injected into rats is pro-
cessed into BNP(5-32) (31), thus indicating that
BNP(5-32) may be processed by an unknown protease
in rats. Thus, the underlying pathologic mechanisms of
BNP processing are thought to involve the combined
actions of membrane-bound-type protease(s) such as
neutral endopeptidases and dipeptidyl peptidases, but
the precise underlying mechanisms of action are not
understood. Pathogenic regulation of peptidase activ-
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ity in disease states likely defines the proportion of BNP
forms present in the circulation, and will be a topic of
further investigation in the future.

Other attempts including some by our group to
develop biomarkers of restenosis by use of in-
terleukin-6 (32), oxidized LDL cholesterol markers
(33 ), LDL cholesterol (34 ), HDL cholesterol (35 ), CRP
(36-38), adiponectin (39), and their combinations
have not proven clinically useful. Clinical algorithms
also are not reliable (4, 5 ). Reduced relative concentra-
tions of BNP(5-32), as measured with an analytical ra-
tio of BNP(5-32)/BNP(3-32), were found to be
strongly associated with presence of restenosis in our
cross-sectional study. To our knowledge, diagnostic
performance of the magnitude described in the present
study has not been achieved by any other biomarker to
date. Importantly, a rule-out biomarker has not been
available for this condition to assist in risk stratification
of patients.

The described biomarker might aid in identify-
ing patients with less risk of restenosis after a PCI
procedure. A tool for noninvasive identification of
patients without restenosis after a PCI procedure
would be helpful to reduce the burden of performing
routine follow-up CAG. It would also be of merit in
those settings in which follow-up CAG is not rou-
tinely done but is reserved as a tool to assist in ruling
out the presence of restenosis when assessing pa-
tients with ambiguous chest pain after PCI. It is im-
portant to note that restenosis had been generally
thought to be associated with relatively benign out-
come, but recent evidence suggests that it is associ-
ated with myocardial damage and adverse clinical
outcome (30% to 60% present with acute coronary
syndrome, 5% present with ST-elevation myocardial
infarction) [see (40) for review]. Therefore, given
this need to identify patients at risk for restenosis, a
noninvasive biomarker would be a welcome tool in
management of the condition.

Longitudinal studies to determine the prognostic
value of processed forms of BNP and clinical studies to
address the association of these novel biomarkers with

coronary events will be of further interest and are
presently ongoing. The limitations of the current study
include the need for further large-scale studies at mul-
tiple centers to validate the present findings. Addition-
ally, there is need for studies that explore combined use
of clinical algorithms with this and possibly other bio-
markers to more accurately assess risk of restenosis.
Further modification of this technology will be neces-
sary to make this method or its derivatives more widely
available for patient care.

In summary, we provide our initial experience
with a newly developed method to measure processed
forms of BNP as a biomarker for risk assessment in
patients undergoing PCI for ruling out restenosis.
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