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Abstract

Background
Women with angina and no obstructive coronary artery disease have an unfavourable prognosis, possibly
due to coronary microvascular disease and diffuse myocardial �brosis. In diffuse myocardial �brosis
myocardial extracellular matrix proteins, including the proteoglycans biglycan and versican are actively
remodeled by matrix metalloproteinase. We investigated MMP-mediated degradation of biglycan and
versican in women with possible DMF assessed by cardiac magnetic resonance T1 mapping.

Methods
Seventy-one women with angina pectoris and a coronary angiogram with no signi�cant obstructive
coronary artery disease (< 50% stenosis) were included. Asymptomatic age-matched women served as
controls (n = 32). Matrix metalloproteinase 12 generated neo-epitope fragment of versican (VCANM) and
MMP-9 generated fragment of biglycan (BGM) were measured in serum by speci�c competitive enzyme-
linked immunosorbent assays (ELISAs). T1 mapping was performed by cardiac magnetic resonance with
gadolinium (0.1 mmol/kg) using a look-locker pulse sequencing measuring T1 and extracellular volume.

Results
Both BGM and VCANM levels were higher in symptomatic women compared with controls; 31.4 ng/mL
vs. 16.4 ng/mL (p < 0.001) and 2.1 ng/mL vs. 1.8 ng/mL (p < 0.001), respectively. Both BGM and VCANM
were moderately correlated to global extracellular volume (r2 = 0.38, p < 0.001 and r2 = 0.26, p = 0.015
respectively).

Conclusion
Turnover of BGM and VCANM was increased in symptomatic women compared to asymptomatic women
and associated to extracellular volume, supporting a link between angina with no obstructive coronary
artery disease and �brotic cardiac remodeling. The examined biomarkers may prove to be suitable for
monitoring active extracellular matrix remodeling.

Introduction
Less than half of women with angina pectoris referred for an invasive coronary angiography (CAG) have
signi�cant obstructive coronary artery disease (CAD) (1). This remains a challenge, as angina pectoris in
spite of the lack of obstructive CAD is associated with increased morbidity and mortality (1). A possible
cause of symptoms may be repeated transient ischemia caused by coronary microvascular dysfunction
(CMD) (1,2). CMD is a strong marker of adverse prognosis and studies indicate that CMD is present in up
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to 47% of subjects with angina and no obstructive CAD (3–6). It has been suggested that CMD is linked
to impaired diastolic function and the development of heart failure with reduced ejection fraction (7).

The cardiac extracellular matrix (ECM) is a dynamic structure, where the balance of protein formation and
degradation is tightly controlled by growth factors and proteases (8). An important class of ECM
components is the proteoglycan family, which are implicated in regulation and organization of the
collagen �brils in cardiac tissue (9). The small leucine-rich proteoglycan biglycan (BGM) interacts with
collagens to promote their stability in the �brotic scar following myocardial infarction (10,11). The large
proteoglycan versican (VCANM) represents the major cardiac hyalectan necessary for normal cardiac and
vascular development (12). VCANM is known to mediate in�ammatory cell-to-cell, and cell-to-matrix
interactions (13). Chronic low-grade cardiac ischemia promotes active cardiac ECM remodeling (14). We
therefore hypothesized that repeated episodes of ischemia induced by CMD will lead to higher levels of
these two major ECM components in women with angina and no obstructive CAD suspected of CMD.

The aim of this study was to compare serum levels of the two neo-epitope biomarkers of VCANM and
BGM in women with angina pectoris and no obstructive CAD disease and in asymptomatic women.
Furthermore, we wanted to investigate the association of these biomarkers to cardiac magnetic
resonance (CMR) T1 mapping; a measure of diffuse myocardial �brosis (DMF). T1 mapping has been
validated against histological assessment of �brosis in myocardial biopsies (15,20–23).

Methods

Study population
The present study is a sub-study of the iPOWER study cohort (ImProve diagnOsis and treatment of
Women with angina pEctoris and micRovessel disease) that were included in the period May 2012 to May
2014 (16). In short, women with angina-like chest pain and no signi�cant obstructive CAD assessed by
diagnostic invasive CAG, a left ventricular ejection fraction >45% and no signi�cant valvulopathy were
included. All participants had serum collected and stored at -80oC until analysis. A control group of 32
asymptomatic age-matched women were included from the Copenhagen City Heart Study, a community
based population study (17). Serum was collected from all 32 controls between June and September
2015. Asymptomatic women did not undergo CMR.

Biomarker investigation and cardiac magnetic resonance
Biomarkers of speci�c matrix metalloproteinase (MMP)-generated fragments of BGM and VCANM were
measured by competitive enzyme-linked immunosorbent assays (ELISAs) developed by Nordic
Bioscience (Herlev, Denmark). Levels were measured in serum of both the women with angina and
controls. The ELISAs were performed as previously described (18,19).
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Cardiac magnetic resonance T1 mapping was performed on a MAGNETOM Avanto 1.5-Tesla scanner
(Siemens, Erlangen, Germany) using the modi�ed look-locker inversion recovery technique (MOLLI) (24).
CMR analysis was performed using the commercially available software CVI42 version 5.1.1 (Circle
Cardiovascular Imaging Inc., Calgary, Canada) reporting T1 values as well as extracellular volume (ECV)
indicating the percentage of the myocardium not taken up by cells and thus DMF (23).

Statistical analysis
Differences between patient demographics and biomarker levels of BGM and VCANM in asymptomatic
women and symptomatic women were determined by a non-parametric Wilcoxon-Mann-Whitney t-test.
Participants were divided into tertiles according to BGM and VCANM values and associations with CMR
variables were determied by the Kruskal-Wallis test. Correlations between biomarkers and clinical
parameters were calculated using Spearman’s rho.

Furthermore, to quantify the added diagnostic value of BGM and VCANM to separate the symptomatic
women from the asymptomatic women in a model including other risk factors, we calculated ROC curves
and applied C-statistics to compare the AUC for the model including the conventional cardiovascular risk
factors age, systolic blood pressure, diastolic blood pressure, hypertension and hyperlipidemia (“Base
model”) and the AUC for the model including conventional cardiovascular risk factors plus BGM (“Base
model + BGM”) and VCANM (“Base model + VCANM”), respectively. As C-statistics often do not
signi�cantly improve even after addition of powerful diagnostic parameters, we also calculated the Net
Reclassi�cation Improvement (NRI) index (25) in order to demonstrate the potential usefulness of adding
a biomarker to a conventional model of risk factors. The NRI index is de�ned as the increase in
discrimination slope when adding BGM or VCANM, respectively, to conventional risk factors (Model 2)
divided by the discrimination slope of the model only consisting of the conventional risk factors (Model
1) minus 1. Statistically signi�cance threshold was set at p<0.05. All statistical analyses were performed
using GraphPad Prism version 7 (GraphPad Software, San Diego, CA, USA).

Results

Demographics

Biglycan and versican turnover
Serum levels of BGM and VCANM were signi�cantly higher in the symptomatic women compared to
controls (91.5% and 85.7%, respectively, both p<0.001, Figure 1A-1B). As shown in Figure 2A, BGM was
able to discriminate between the symptomatic women and the asymptomatic women with an AUC of
0.81 (95% con�dence interval (CI) 0.72-0.89), while VCANM gave an AUC of 0.77 (95% CI 0.66-0.87). The
model including the conventional risk factors (age, systolic and diastolic blood pressure, hypertension
and hyperlipidemia) yielded an area under the curve (AUC) of 0.94 (95% CI 0.87-0.98, p<0.0001) and the
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addition of BGM or VCANM did not provide a signi�cant improvement in C-statistics (p=0.316 and
p=0.108, respectively). However, the addition of BGM and VCANM signi�cantly improved the NRI index for
diagnosis of patients with angina compared to asymptomatic women (p=0.01 and p=0.002, respectively).

Associations between the biomarkers, clinical parameters and CMR
measures of DMF
BGM was correlated with hypertension (r=0.35, p<0.001, hypercholesterolemia (r=0.25, p=0.013), current
smoking (r=0.25, p=0.013), statin treatment (r=0.30, p=0.002) systolic and diastolic blood pressure
(r=0.32, p=0.002 and r=50, p<0.001, respectively). VCANM was correlated with systolic and diastolic
blood pressure (r=0.29, p=0.004 and r=0.40, p<0.001, respectively) and levels of triglycerides (r=0.25,
p=0.012). For the entire myocardium mean native T1 was 1023 ms and mean ECV was 33.7%. Both BGM
and VCANM showed a moderate correlation to ECV (r=0.38, p<0.001 and r=0.26, p=0.015 respectively).
No association between the biomarkers and native T1 was found.

Discussion
To our knowledge, this is the �rst study to use neo-epitope speci�c biomarkers to describe proteoglycan
remodeling in the myocardium. Our main �ndings were as follows: 1) Levels of BGM and VCANM were
elevated in women with angina pectoris and no obstructive CAD compared to asymptomatic women; 2)
There was no signi�cant association between levels of BGM and VCANM and native T1, but a moderate
though signi�cant association between both BGM and VCANM and global ECV; 3) BGM and VCANM were
able to separate asymptomatic women from angina patients and improved the NRI index compared to
conventional risk factors indicating that both markers could separate patients with angina from
asymptomatic women with a high diagnostic accuracy. The results suggest that women with angina
pectoris and no obstructive CAD have a higher ECM remodeling rate compared to age-matched
asymptomatic women and that this may be part of the pathophysiology.

The iPOWER study aims at investigating novel non-invasive diagnostic techniques to identify CMD in
women with angina-like chest pain and no obstructive CAD (16) and in a subgroup the association
between CMD and DMF assessed by CMR (24). This current sub-study, although of limited size, has
identi�ed proteoglycan biomarkers that may re�ect disease activity occurring in women with angina
pectoris and no obstructive CAD (26), who we know have a poorer prognosis compared to asymptomatic
women (1). The underlying mechanism behind the poorer prognosis may be related to the presence of
CMD that causes transient ischemia. Upon transient limitation in coronary oxygen supply the ECM
becomes actively remodeled, leading to DMF, stiffness of the left ventricle and potentially heart failure.
Proteoglycans are important ECM components, implicated in regulation and organization of the collagen
�brils in the cardiac tissue (9).

The cardiac ECM is necessary to preserve the structural ventricular integrity however, when ECM proteins
accumulate causing focal and diffuse �brosis, they may be detrimental to cardiac function (27–30). In
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DMF, the normal balance between tissue formation and degradation is shifted, leading to both increased
formation and degradation of ECM proteins. Collagens are the major components of the cardiac ECM,
and act as substrate for several MMPs. Excessive collagen deposition may results in a stiff and
noncompliant left ventricle, while insu�cient collagen deposition may cause left ventricular thinning and
dilation (31).

In this study, the circulating proteoglycan biomarkers were associated with DMF assessed by ECV but not
with native T1 mapping, perhaps indicating that these biomarkers are an early sign of pathology that
CMR is not able to detect. We speculate that cardiac magnetic resonance T1 mapping may be a less
sensitive method to detect DMF compared to proteoglycan biomarkers in this angina-population, in
contrast to populations with more advanced CAD where T1 mapping is able to distinguish patients from
healthy asymptomatic women (32). Only the T1 mapping variable ECV was associated with proteoglycan
and not native T1. Native (pre-contrast) T1 varies depending on water content in the myocardium
whereas the T1 mapping variable ECV is a quantitative estimate of the part of the myocardium not taken
up by cells derived from native and post-contrast T1 times from the myocardium and the blood, as well
as the blood contrast volume (1-hematocrit) (21). Hence, ECV may be a more complete CMR measure of
DMF. Another study from our group found that only the CMR parameter ECV, and not native T1, was
associated with C5M, a collagen type V degradation biomarker indicating active collagen remodeling
(33). ECV can potentially divide the myocardium into its cellular and interstitial components and its
prognostic value has been reported in the literature. (34). This may suggest that both biomarkers of ECM
turnover and CMR can be used as non-invasive methods to assess the active remodeling caused by
transient ischemia in women with potential CMD. These preliminary �ndings should however be validated
in larger clinical settings and in a population with a greater spectrum of disease.

Strengths And Limitations
Participating women were consecutively included and examined systematically, and all had a clinical
invasive CAG ruling out obstructive CAD. The study population was rather small, and we cannot exclude
that the variation in T1 values and biomarker levels were too small to identify possible associations.
However, the study size is reasonable for an imaging study and the burden of cardiovascular risk factors
was high, indicating that we included women at risk. The asymptomatic women did not undergo CMR
examination due to logistics. Future studies would bene�t from inclusion of a larger patient group with
more severe DMF along with a longitudinal follow-up, to evaluate the proteoglycan markers over time.
Another limitation involves the organ speci�city of the investigated biomarkers, as these proteoglycans
are present in soft tissues throughout the body and therefore cannot be quali�ed as entirely myocardium-
speci�c (35).

Conclusion
In women with angina pectoris and no obstructive CAD turnover of the proteoglycan biomarkers biglycan
and versican was increased compared with asymptomatic women and associated to ECV a CMR
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measure of DMF. These data support a link between angina with no obstructive CAD and �brotic cardiac
remodeling which may potentially lead to development of heart failure with preserved ejection fraction.
Pending further studies, the examined biomarkers may be useful for monitoring active ECM remodeling.
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Variable Asymptomatic women,
n=32

Symptomatic women,
n=71

p-value

Age (years), mean ± SD 63 ± 11 62 ± 8 0.680

Hypertension, n (%) 7 (21.9%) 40 (56.3%) 0.001

Hyperlipidemia, n (%) 4 (12.5%) 45 (63.4%) <0.0001

Family history of ischemic heart
disease, n (%)

8 (25.0%) 39 (55.7%) 0.004

Smoking (current), n (%) 5 (15.6%) 17 (23.9%) 0.345

Peripheral vascular disease
(claudicatio), n (%)

2 (6.3%) 3 (4.2%) 0.662

Atheromatosis at CAG*, n (%) N/A 27 (38.0%) -

Post-menopausal, n (%) 27 (84.4%) 62 (89.9%) 0,456

Clinical assessment

BMI (kg/m2), mean± SD
Systolic blood pressure (mmHg),
mean ± SD
Diastolic blood pressure (mmHg),
mean ± SD
Heart rate at rest (beats/min), mean ±
SD
Left ventricular mass index*, mean ±
SD

 

24.5 ± 3.8
119 ± 16
60 ± 9
72 ± 11
N/A

 

25.4 ± 4.4
147 ± 24
84 ± 15
65 ± 10
60.1 ± 5.7

 

0.303
<0.0001
<0.0001
0.003
-

Laboratory tests

Total cholesterol (mmol/L), mean ±
SD
HDL cholesterol (mmol/L), mean ±
SD
LDL cholesterol (mmol/L), mean ±
SD
Triglycerides (mmol/L), mean ± SD

 

5.4 ± 0.8
2.0 ± 0.5
2.9 ± 0.8
0.9 ± 0.4

 

4.9 ± 1.0
1.6 ± 0.7
2.8 ± 1.0
1.2 ± 0.7

 

0.017
0.012
0.452
0.035

Treatment

Statin, n (%)
Beta blockers, n (%)
Calcium antagonist, n (%)
ACE inhibitor, n (%)
Aspirin, n (%)
ANGII receptor antagonist, n (%)

 

3 (9.4%)
0 (0%)
2 (6.3%)
5 (15.6%)
1 (3.1%)
2 (6.3%)

 

36 (50.7%)
23 (32.4%)
20 (28.6%)
12 (17.4%)
36 (50.8%)
12 (17.4%)

 

<0.0001
-
0.011
0.827
<0.0001
0.134

SD: standard deviation; CAG: coronary angiography; BMI: body mass index; HDL: High-density lipoprotein
cholesterol; LDL: Low-density lipoprotein cholesterol; ACE: angiotensin converting enzyme; ANGII:
angiotensin II; ASA: acetylsalicylic acid treatment. *Left ventricular Mass Index and atherosclerosis at
CAG is only available for the symptomatic group (n=71).  
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Figures

Figure 1

Levels of the two biomarkers of �brotic remodelling in serum of asymptomatic women(n=32) and
symptomatic women with angina pectoris (n=71). A) Serum levels of MMP-mediated biglycan (BGM); B)
Serum levels of MMP-mediated versican (VCANM). Statistical differences were calculated using a non-
parametric Wilcoxon-Mann-Whitney t-test. Data are presented as mean ± SEM. ****: p<0.0001.

Figure 2

Results of ROC analysis to evaluate the ability of BGM (A) and VCANM (B) to discriminate between
symptomatic women and asymptomatic women.


