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Abstract

Left ventricular assist device (LVAD) support has been used in the treatment of end-stage heart

failure (HF), however use of anti-fibrotic co-therapies may improve prognosis. Natriuretic

peptides (NPs) possess anti-fibrotic properties through their receptors, GC-A/GC-B/NPR-C. We

sought to evaluate cardiac fibrosis and the endogenous NP system in end-stage HF with and

without LVAD therapy and to assess the anti-fibrotic actions of the dual GC-A/-B activator CD-

NP in vitro. Collagen (Col) protein content was assessed by Picrosirius Red staining and NPs, NP

receptors, and Col I mRNA expression were determined by qPCR in LV tissue from patients in

end-stage HF (n=13), after LVAD support (n=5) and in normal subjects (n=6). Col I mRNA and

protein levels in cardiac fibroblasts (CFs) pretreated with CD-NP were compared to BNP or CNP

pretreatment. The LV in end-stage HF was characterized by higher Col I mRNA expression and

Col protein deposition compared to normal which was sustained after LVAD support. ANP and

BNP mRNA expressions were higher while CNP was lower in end-stage HF LV. GC-A

expression did not change while GC-B and NPR-C increased compared to normal LV. The

changes in NP system expression were not reversed after LVAD support. In vitro, CD-NP reduced

Col I production stimulated by TGF-beta 1 greater than BNP or CNP in CFs. We conclude that the

failing LV is characterized by increased fibrosis and reduced CNP gene expression. LVAD

support did not reverse Col deposition nor restore CNP production, suggesting a therapeutic

opportunity for CD-NP.
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1. INTRODUCTION

Cardiac fibrosis is a hallmark of end-stage heart failure (HF) and contributes to both HF

progression and the need for replacement therapy with cardiac transplantation and

mechanical assist devices. No new drugs have been approved for HF since 2001 and none

have been approved for preventing or suppressing on-going cardiac fibrosis in HF.

The cardiac natriuretic peptide (NP) system is represented by peptides of myocardial or

endothelial cell origin [1]. Specifically, atrial NP (ANP) and B-type NP (BNP) are

endogenous activators of the particulate guanylyl cyclase A (GC-A) receptor and are

produced in cardiomyocytes while C-type NP (CNP) is produced in endothelial cells and

activates the GC-B receptor. All three peptides increase production of cyclic guanosine

monophosphate (cGMP) with downstream activation of protein kinase G. All NPs also bind

NP receptor-C (NPR-C) which is thought to serve as a clearance receptor as well as

possessing anti-fibrotic properties [2]. In the heart, human cardiac fibroblasts (CFs) possess

both GC-A and GC-B, the later in high abundance [2]. Activating these highly abundant

GC-B receptors in rodents by continuous infusion of CNP for two weeks post myocardial

infarction suppressed cardiac fibrosis and preserved left ventricular (LV) function [3]. In

addition, we recently reported that 8 weeks of twice-daily subcutaneous injection of BNP to

humans with stable HF resulted in reductions in LV mass and lower LV volumes by MRI

and improved diastolic function by echocardiography [4].

A potential innovative therapy therefore for cardiac fibrosis in end-stage HF could be a

novel dual GC-A and GC-B activating peptide. Indeed, we designed a dual NP receptor

activating peptide, CD-NP, which has entered clinical testing in HF [5]. We have previously

reported that CD-NP activates cGMP in CFs and reduces fibroblast proliferation [6].

Further, two week subcutaneous infusion of CD-NP in experimental cardiac fibrosis

prevented fibrosis and improved diastolic function [7]. In addition to having direct actions

on CFs, CD-NP also suppresses aldosterone via GC-A, which is highly expressed in the

adrenal gland and regulates aldosterone production and release [7].

The current study was designed with several objectives and a special focus on end-stage

human HF and cardiac fibrosis. First, we sought to investigate the presence of LV fibrosis in

end-stage human HF by determining the content and production of the major extracellular

matrix protein, collagen (Col) in hearts from patients undergoing cardiac transplantation and

from myocardium obtained from patients before and following LV assist device (LVAD), as

recent studies suggest cardiac fibrosis persists and/or increases with LVAD therapy [8-10].

We also examined gene expression of the endogenous cardiac NP system in end-stage HF

LV myocardium, including NPR-C which possesses anti-proliferative properties [2]. Finally,

we defined in vitro in cultured CFs, the anti-fibrotic actions of the GC-A agonist BNP, the

GC-B agonist CNP, and the dual GC-A/B agonist CD-NP, hypothesizing CD-NP would

possess greater fibro-inhibiting properties through dual GC-A/B receptor activation. Thus,

Ichiki et al. Page 2

J Mol Cell Cardiol. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



these studies provide new insights into cardiac fibrosis in human end-stage HF and a

potential anti-fibrosis treatment using the NP system, with an innovative first generation

dual GC-A/B activator, CD-NP.

2. MATERIAL AND METHODS

2.1. Study population

Patients with New York Heart Association class III to IV HF who underwent cardiac

transplantation or were implanted with LVADs (unsupported) and patients who underwent

heart transplantation following LVAD therapy (supported) were studied. The study was

approved by the Mayo Foundation Institutional Review Board.

2.2. LV tissue from normal and patients with end-stage HF

LV tissue from failing hearts was obtained from patients who were undergoing cardiac

transplantation or receiving LVAD implantation (End-stage HF, n=13) and at the time of

heart transplantation in the setting of LVAD therapy (post-LVAD, n=5). End-stage HF

tissues were obtained from LV apical core which was removed at the time of LVAD

implantation or LV lateral or antero-lateral wall, which did not have obvious myocardial

infarction scar. Post LVAD tissues were LV lateral or antero-lateral wall which also did not

have obvious scar from myocardial infarction. LV tissue from age- and gender matched

normal subjects was obtained from ILS bio Inc. (Chestertown, MD) (normal, n=6). These

tissues were snap frozen in liquid nitrogen and stored at −80°C or fixed for histology.

2.3. Quantifying interstitial fibrosis in LV tissues

For histology, fixed LV were dehydrated, embedded in paraffin, and sectioned at a thickness

of 4 μm. Sections were stained with Picrosirius Red and analyzed as previously described [7,

11, 12].

2.4. Cell culture and treatment

CFs (Cell Applications Inc., San Diego, CA) were cultured in fibroblast growth media (Cell

Applications Inc.). Passages 2 to 4 at 80% confluency were used. After serum deprivation

for 24 hours, cells were stimulated with 5 ng/ml TGF-beta 1 (TGF; R&D systems,

Minneapolis, MN) in DMEM (Gibco, Grand Island, NY) for 24 hours for mRNA expression

or for 48 hours for protein expression, with or without 30 min preincubation of equimolar

doses (10−8 and 10−6 M) of BNP (Phoenix Pharmaceutics Inc., Burlingame, CA), CNP

(Phoenix Pharmaceutics Inc.) or CD-NP (Capricor Therapeutics Inc., Beverly Hills, CA).

2.5. Quantative RT-PCR

Total RNA was isolated from frozen tissue and CFs using the Trizol method and reverse

transcribed to cDNA. For quantitative comparison, real-time RT-PCR with Universal

ProbeLibrary hydrolysis dual-color probe sets was performed using a LightCycler480

System (Roche, Indianapolis, IN). Both negative and positive controls were included in each

PCR reaction. All assays were carried out three times as independent PCR runs for each

cDNA sample, and normalized by GUSB expression, which was determined to be the most
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stable housekeeping gene using the RealTime ready Human Reference Gene Panel (Roche).

Sequences of primers are shown in Table 1.

2.6. Immunocytochemistry

Immunocytochemistry was performed on CFs fixed by 3% paraformaldehyde. A

commercially available indirect immunoperoxidase kit (Vector Stain, Vector Laboratories,

Inc. Burlingame, CA) was used as described previously [13]. Briefly, after blocking, cells

were incubated overnight with a primary antibody for GC-A (1:100, Abcam, Cambridge,

MA), GC-B (1:50 Novus Biologicals, Littleton, CO), NPR-C (1:25, Abcam), or Col I

(1:100, Abcam). The sample incubated in non-immune horse serum (NHS) without primary

antibody served as a negative control. The specificity was further confirmed by substitution

of non-immune horse serum or PBS for primary antibody.

2.7. Cyclic GMP assay

Cells were incubated with NPs (10−8 and 10−6 M) for 10 min to assess intracellular cGMP

activity. Briefly, cells were incubated in Hank’s balanced salt solution (Invitrogen, Carlsbad,

CA) containing 20mmol/L N-[2-hydroxyethyl]piperazine-N′[2-ethanesulfonic acid], 0.1%

bovine serum albumin, and 0.5 mmol/L 3-isobutyl-1-methylzanthine (Sigma, St. Louis,

MO). Cells were lysed in 6% TCA and sonicated for 10 min. The samples were ether

extracted four times in 4 volumes of ether, dried, and reconstituted in 300μl cGMP assay

buffer and measured as previously described [2, 7].

2.8. Col I enzyme-linked immunosorbent assay

Protein concentrations of Col I were measured by a commercially available enzyme-linked

immunosorbent assay (ELISA) kit according to the manufacturer’s instruction (Cosmo Bio.

Co., LTD, Japan). In brief, cells were removed from dishes and incubated with 0.1mg/mL

pepsin with acetic acid overnight at 4°C. After centrifugation, the supernatants were

neutralized with 200mM Tris; 150 mM NaCl solution and used in the Col I ELISA. Samples

and standards were mixed with biotin-labeled human anti-Col I polyclonal antibody, added

to microtiter plate wells precoated with human Col I, and incubated for 1 hour. Each well

was washed with washing buffer and incubated with HRP-labeled avidin for 1 hour.

Following washes to remove unbound antibody-enzyme reagent, a substrate of peroxidase

solution (3, 3′, 5, 5′-tetramethylbenzidine) was added to each well. After incubation for 20

minutes at room temperature, the enzyme reaction was stopped. Col I concentration was

determined by comparing the optical density results to the standard curves. Intra-assay and

inter-assay variations were 10.1 % and 9.4%, respectively.

2.9. Statistical analysis

The primary analyses of quantitative studies are expressed as means ± SEM. For comparison

of normal distribution data, un-paired student’s t-tests for equal variance data, Welch test for

non-equal variance data were used between groups. For non-nominal distributed data,

Wisconsin rank sum test was performed. Nominal distribution of respective data was

assessed by Shapiro-Wilk test. Nominal variables between groups were analyzed by Chi-

square test. Statistical significance was accepted at p<0.05.
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3. RESULTS

3.1. Patient characteristics

Table 2 reports patient characteristics. All patients in the post LVAD group received

continuous flow LVAD (VentAssist) for 158.8 ± 33.5 days. Plasma BNP levels in post

LVAD patients were significantly lower than those in end-stage HF patients. There were

significant differences in medication between end-stage HF and post LVAD patients

specifically related to more use of phosphodiesterase-5 inhibitors and anti-platelet agents in

post-LVAD patients.

3.2. Col I mRNA expression and fibrosis in LV myocardium

We assessed Col I mRNA expression (Fig. 1A) in LV tissues from normal, end-stage HF

and post LVAD patients. As expected, Col I mRNA expression was significantly higher in

end-stage HF patients compared to normal. Col I mRNA expression was significantly higher

in LV from post LVAD compared to end-stage HF patients and normal, suggesting

continued high production of ECM proteins in patients with LVAD support.

We then quantified the area of fibrosis in LV from normals, end-stage HF and post LVAD

patients. Representative staining for fibrosis (Col content) is shown in Figure 1B. We

observed that Col area was significantly lower in normals compared to end-stage HF and

post LVAD, and was comparable between post LVAD and end-stage HF subjects (Fig. 1C).

Taken together, these data suggest that increased Col production is a hallmark of end-stage

HF which is sustained in the setting of LVAD therapy.

3.3. NPs mRNA expression in LV myocardium

We examined NP mRNA expression in the LV. Figure 2 illustrates ANP (Fig. 2A), BNP

(Fig. 2B), and CNP (Fig. 2C) mRNA expressions in LV tissue from the 3 groups. ANP and

BNP mRNA expressions in normal LV were low and increased as expected in end-stage HF

patients. ANP mRNA tended to decrease in post LVAD subjects while BNP mRNA levels

were sustained post LVAD (Figs. 2A and 2B). In contrast, CNP mRNA expression in both

end-stage HF and post LVAD patients was lower than normal, with no significant difference

between end-stage HF and post LVAD CNP (Fig. 2C). These results suggest that CNP

production may be suppressed in end-stage HF, together with a trend for activated BNP and

ANP production which tended to be suppressed after LVAD support.

3.4. NP receptor mRNA expressions in LV myocardium

GC-A (Fig. 3A), GC-B (Fig. 3B), and NPR-C (Fig. 3C) mRNA expression was detected in

normal LV. There was no significant difference in GC-A mRNA expression among the

groups (Fig.3A). GC-B and NPR-C mRNA expression were higher in end-stage HF than in

normal, with a trend to decrease for both post LVAD. (Figs. 3B and 3C). Figure 3D

illustrates NP receptor expressions according to patient groups, which better demonstrates

the reduction of GC-B and NPR-C mRNA expression post LVAD and also highlights the

greater variability in expression of these two receptors in HF and post LVAD compared to

normal and particularly compared to GC-A. These results suggest that GC-B and NPR-C
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may be involved in end-stage HF progression and while LVAD support improves the

expression levels towards normal, it is insufficient to return these two receptors to

completely normal levels.

3.5. In vitro study: the anti-fibrotic effects of NPs in human CFs

We investigated the presence of NP receptor protein and Col I protein by

immunohistochemistry in CFs. In Figure 4A, positive staining in CFs was observed for GC-

A, GC-B, NPR-C and Col I, with relatively high levels of Col I and NPR-C. Next we

examined cGMP activation in CFs by exogenous BNP; CNP and CD-NP (Fig. 4B). Cyclic

GMP generation was increased in CFs by all NPs compared to non-treated cells. CD-NP and

CNP have equal potency while BNP induced lower cGMP generation (Fig. 4B).

Finally, we assessed Col I mRNA and protein expression with or without NPs pretreatment

or TGF stimulation in CFs. At the mRNA level, pretreatment with CD-NP (10−8 M and 10−6

M) significantly suppressed Col I mRNA expression, CNP reduced Col I mRNA but only

with 10−6 M pretreatment, while BNP had little effect on Col I mRNA. TGF stimulation

significantly activated Col I mRNA expression compared to non-treated cells. Pretreatment

with CD-NP at both dose concentrations and CNP at 10−6 M treatment suppressed TGF

stimulated Col I mRNA, while BNP again had little effect (Fig. 4C). CD-NP also reduced

Col I protein expression both in the absence and presence of TGF stimulation (Fig. 4D).

These results suggest that CD-NP is a potent anti-fibrotic peptide regulating Col I

production in human CFs in vitro.

4. DISCUSSION

As is well known, we observed that the LV myocardium of patients with end-stage HF is

characterized by the presence of fibrosis. While less reported, we also observed the presence

of cardiac fibrosis in a small number of patients with LVAD therapy, with widespread Col

deposition and increased of Col I mRNA expression. In both end-stage HF and with LVAD

therapy, the gene expression of GC-A remained preserved compared to normal human LV

myocardium, while GC-B and NPR-C showed a trend to increase in HF which was partially

improved in the presence of LVAD therapy. Myocardial ANP and BNP mRNA expression

increased in end-stage HF, however CNP, which is the most anti-fibrotic of the NPs, is

reduced in the failing LV and remains reduced with LVAD support. A novel anti-fibrotic

therapy CD-NP was more potent than BNP, a GC-A activator, and CNP, a GC-B activator,

in reducing Col I production in vitro in CFs. Thus, these highly translational studies provide

new insights into cardiac fibrosis in failing human LV and the role the NP system may play

in the progression of HF with and without LVAD support. Our studies also support the

potential anti-fibrotic properties of CD-NP, which is in clinical trials in HF, as a novel

pharmacological co-therapy to LVAD in end-stage HF.

The clinical significance of cardiac fibrosis in HF is that fibrosis contributes to impaired

myocardial function, as well as arrhythmogenesis, which may lead to worsening clinical

outcomes [14]. In the current study, end-stage HF was characterized by high Col I

production and cardiac fibrosis in the LV myocardium compared to normals, even in the

presence of LVAD therapy. Our findings reinforce recent studies that reported LVAD
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therapy showed continued progression of cardiac fibrosis by an increase in Col content [8, 9]

or by increased Col cross-linking resulting in myocardial stiffness, although some studies

have also observed decreases of collagen after LVAD therapy [10, 15, 16].

Previously, Kuhn and colleagues reported that ANP and BNP mRNA levels increased in HF

with significantly lower levels during LVAD support. In addition they reported that GC-A

mRNA stayed relatively level between normal, HF, and LVAD supported patients while

NPR-C mRNA expression significantly increased in HF before LVAD and markedly

decreased to near normal levels during LVAD [17]. We in part confirm their seminal report,

showing similar results for ANP, BNP, GC-A and NPR-C mRNA expression, however in

our studies, although BNP and NPR-C trended lower following LVAD, they did not achieve

significance or a return to normal levels. It should be noted that it has been reported that

LVAD implantation resulted in decreased circulating levels of BNP and/or NT-proBNP [18,

19] and that BNP protein is present in the LVAD supported heart [19]. Our results showed

decreased circulating BNP levels (Table 2) and sustained BNP mRNA expression in LV

tissues after LVAD support compared to end-stage HF (Figure 2A). Previously, we reported

that BNP mRNA expression was observed strongly in atria in early and chronic HF canine

models, whereas BNP mRNA expression was seen only in chronic – severe HF LV [20, 21].

In an experimental cardiac unloading model, the atrial BNP mRNA expression decreased

but LV BNP mRNA expression did not [22]. These results suggest that the main source of

circulating BNP may be atrium in response to cardiac loading and unloading.

Extending the study, we investigated CNP and GC-B mRNA expression, recognizing that

CNP is the most potent native NP in inhibiting fibroblast proliferation and Col production in

CFs[3]. CNP mRNA expression was much less in the failing LV, both with and without

LVAD support (Fig. 2C) while GC-B mRNA expression tended to be higher in end-stage

HF patients compared to normals (Fig. 3B). This reduction in CNP production in the LV

myocardium may play a key role in the development of cardiac fibrosis as we reported

previously in aging rat hearts [11]. LVAD support alone does not compensate for this

deficiency, therefore, replacement therapy with CNP or a CNP-like peptide may be an

effective anti-fibrotic strategy alone or in combination with LVAD. Although it has been

reported that plasma CNP or NT-proCNP is increased in HF [23, 24] while the CNP

precursor proCNP is unchanged [25], the source of elevated circulating CNP remains

undefined, as CNP is released from not only the heart, but also from vascular endothelial

cells, brain, heart, and lung [26]. In addition, different forms of CNP are expressed

depending on cell type and species [27] with CNP53 predominating in tissues and CNP in

plasma, suggesting the loss of CNP in HF LV may be heart specific [28]. Of note, all NP

receptors are present in end-stage HF LV myocardium, either in the end-stage failing heart

or post LVAD support, suggesting the end-stage failing LV myocardium may be responsive

to NP therapy. Interestingly, there is differential regulation of NP production in the failing

LV, with ANP and BNP, GC-A agonists, increasing while CNP, a GC-B agonist, decreases.

The differential regulation of the NPs in the failing heart is associated with differential

regulation of the proNP convertases corin and furin [13]. Specifically, in the experimental

HF failing heart, corin, the proNP convertase for ANP and BNP, is reduced while furin,

which processes proCNP to CNP, is increased. The mechanism of this differential regulation

of the ANP, BNP and CNP genes and of corin and furin remain to be defined.
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Currently, CNP is not considered a feasible therapeutic agent because of its short half-life

[29]. For GC-B activation in humans, only CD-NP is approved for clinical investigation and

is entering a Phase 2 trial in post acute HF to reduce rehospitalization [30]. CD-NP has

potent properties to reduce CF proliferation in vitro and chronic subcutaneous delivery in a

rodent model of early cardiac fibrosis and diastolic dysfunction in vivo inhibited cardiac

fibrosis and preserved diastolic function [7]. This strong fibro-inhibiting property of CD-NP

may in part be explained by its design as the only dual GC-A/B receptor agonist which

would engage fibro-suppressing actions from both GC linked NP receptors. Our current

study establishes that CD-NP is the most potent in the suppression of Col I production, as

compared to BNP or CNP in vitro. Interestingly, cGMP stimulation by CD-NP was weaker

(Figure 4B), however Col I inhibition by CD-NP was stronger than BNP or CNP (Figure

4C). The reason may be that CD-NP is more resistant to degradation which results in a

longer half-life and bioactivity than BNP or CNP [31]. These findings support a potential

therapeutic role for CD-NP in targeting the GC-A/GC-B/cGMP signaling pathway to

suppression cardiac fibrosis. Indeed, a safety study in patients with LVAD support with

subcutaneous CD-NP is currently underway at the Mayo Clinic (Clinicaltrials.gov:

NCT01750905).

While the current study provides new insights into cardiac fibrosis and possible co-therapy

in end-stage HF using LVAD combined with CD-NP, our study has limitations. Our study

population was small and compared each mRNA expression by un-paired comparison

among normal, end-stage HF and post-LVAD LV myocardium. Of note, end-stage LV

tissues were obtained from LV free wall or apical core which has heterogeneity in fibrosis

[32]. Finally, our findings regarding anti-Col I production by CD-NP is based on in vitro

studies, and needs to be confirmed in an in vivo HF cardiac fibrosis model.

In conclusion, the human failing LV myocardium is characterized by an activated NP

system with loss of CNP gene expression and an increase in cardiac fibrosis. Importantly,

the NP/GC-A/GC-B system appears intact in end-stage HF and the novel dual GC-A/B

activator CD-NP is a potent inhibitor of Col production in CFs compared to BNP or CNP.

Thus CD-NP may represent a potential novel peptide therapeutic for the treatment of cardiac

fibrosis. The findings lay the foundation into new directions for NP biology and potential

therapeutics in HF.
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NP natriuretic peptide
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cGMP cyclic guanosine monophosphate

NPR-C natriuretic peptide receptor C

CFs cardiac fibroblasts

LV left ventricle

Col collagen

LVAD left ventricular assist device

TGF TGF beta-1
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Highlights

• LV in end-stage HF and with LVAD support had more fibrosis than normals.

• CNP mRNA was deficient in end-stage HF which was not improved after

LVAD.

• CD-NP had more anti-fibrotic effects than BNP or CNP in vitro.

• CD-NP may be potential CNP replacement and anti-fibrotic therapy in HF.
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Figure 1. Fibrosis in normal, end-stage HF and post LVAD LV tissues
A:Collagen (Col) I mRNA expression in normal, end-stage HF, and post LVAD LV tissues.

B: Representative Picrosirius Red staining at × 20 objective magnification. 36 M, 36 years

old male; Non-ICM, non-ischemic cardiomyopathy; 46 F, 46 years old female; 39 M, 39

years old male. C: Quantification of Picrosirius Red staining for interstitial Col deposition

for normal, end-stage HF and post LVAD LV tissues.
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Figure 2. NP mRNA expression in normal, end-stage HF and post LVAD LV tissues
ANP (A), BNP (B), and CNP (C) mRNA expression in LV tissues.
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Figure 3. NP receptor mRNA expression in normal, end-stage HF and post LVAD LV tissues
GC-A (A), GC-B (B), and NPR-C (C) mRNA expression in LV tissues. D: Distribution of

NP receptor mRNA expressions in each group.
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Figure 4. In vitro study in CFs
A: Immunocytochemical staining for GC-A, GC-B, NPR-C, and Col I protein expression in

CFs at × 100 objective magnification. B: cGMP generation in CFs stimulated by 10−8 and

10−6 M BNP, CNP, or CD-NP. Values are from three experiments and the mean of three

samples per treatment. *p<0.05 vs non-treated cells, †p<0.05 vs BNP at the same

concentration, ‡p<0.05 vs CNP at the same concentration. C: Col I mRNA expression with

or without TGF beta-1 (5 ng/ml) treatment in CFs pretreated with or without 10−8 and 10−6

M BNP, CNP, or CD-NP. Values are from three experiments and the mean of three samples

per treatment. *p<0.05 vs non-treated cells, †p<0.05 vs TGF. D: Col I protein expression

with or without TGF beta-1 (5 ng/ml) treatment in CFs pretreated with or without 10−6 M

CD-NP, determined by Col I ELISA. Values are from three experiments and the mean of

three samples per treatment. *p<0.05 vs non-treated cells, †p<0.05 vs TGF.
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Table 1
Human primer sequences

mRNA Forward Primer Reverse Primer

ANP 5′- CAG GAT GGA CAG GAT TGG AG -3′ 5′- TCC TCC CTG GCT GTT ATC TTC -3′

BNP 5′- GCT TTG GGA GGA AGA TGG AC -3′ 5′- GCA GCC AGG ACT TCC TCT TA -3′

CNP 5′- GGC TCG CCT TCT GCA AGA G -3′ 5′- GCT TGA GGC CGA AGC AGC CC -3′

GC-A 5′- CGG CAT TCT GAT TGT CTC C -3′ 5′- ACA GCT CCG AGG CCA GTT -3′

GC-B 5′- CTG CTT TGA TGC CAT AAT TGA C -3′ 5′- CCA TGT AAG CAT CCC CAA TC -3′

NPRC 5′- ATT GCC ATG ACT GAT GTG GA -3′ 5′- CGC ATT TCA AAA CGA CCT TC -3′

Col I 5′- GGG ATT CCC TGG ACC TAA AG -3′ 5′- GGA ACA CCT CGC TCT CCA -3′

GUSB 5′- CCA TTC CTA TGC CAT CGT GT -3′ 5′- TGG ACC AGG TTG CTG ATG T -3′

ANP, atrial natriuretic peptide; BNP, B-type natriuretic peptide; CNP, C-type natriuretic peptide; GC-A, Guanylyl cyclase receptor-A; GC-B,
Guanylyl cyclase receptor-B; NPR-C, Natriuretic peptide receptor-C; Col I, Collagen type I; GUSB, Beta-glucuronidase.
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Table 2
Patient characteristics

Normals (%)
(n=6)

End-stage HF (%)
(n=13)

Post LVAD (%)
(n=5) p*

Age (yo) 43 ± 6 57 ± 3 47 ± 5 0.10

Male 5 (83) 11 (85) 5 (100) 0.35

Dilated cardiomyopathy — 9 (69) 3 (60) 0.71

Ejection fraction (%) — 17 ± 1 18 ± 4 0.69

Plasma BNP (pg/ml) — 1761 ± 296 696 ± 369 0.04

Past history

Diabetes — 3 (23) 0 (0) 0.23

Hypertension — 3 (23) 2 (40) 0.47

Hyperlipidemia — 6 (46) 1 (20) 0.31

Coronary artery disease — 3 (23.1) 0 (0) 0.24

Arrhythmia — 4 (31) 2 (40) 0.71

Chronic renal failure — 2 (15) 1 (20) 0.81

Pulmonary disease — 4 (31) 1 (20) 0.71

Medication

Inotrope — 4 (31) 0 (0) 0.16

Beta-blocker — 11 (85) 4 (80) 0.81

ACEI/ARB — 9 (69) 3 (60) 0.71

Spironolactone — 8 (62) 1 (20) 0.11

Loop diuretics — 9 (69) 6 (60) 0.89

Anti-arrythimics — 10 (77) 4 (80) 0.89

Nitrate — 4 (31) 1 (20) 0.65

PDE5 inhibitor — 0 (0) 2 (40) 0.02

Anti-platelets — 6 (46) 5 (100) 0.04

Statin — 6 (46) 2 (40) 0.81

Warfarin — 8 (62) 5 (100) 0.10

BNP, B-type natriuretic peptide; ACE, angiotensin converting enzyme inhibitor; ARB,angiotensin receptor blockade; PDE5, phosphodiesterase-5.

*
p: End-stage HF vs post LVAD.
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