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Abstract

Left ventricular assist device (LVAD) support may facilitate myocardial recovery. We evaluated the impact of LVAD support on Fas expression
in a cohort with end-stage heart failure. Myocardial gene expression was assessed pre- and post-LVAD by RNase protection assay and
compared to control donor hearts. The expression of Fas is markedly elevated at the time of LVAD support and is tightly correlated with
TNF expression. While interleukin (IL)-6 was significantly reduced by LVAD support, the impact of support on Fas was highly variable and
tightly linked to tumor necrosis factor (TNF). The role of Fas in predicting recovery after LVAD support requires further investigation.
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Introduction

Progressive hemodynamic deterioration in severe heart failure
(HF) induces alterations in myocardial gene expression.'” For
subjects with end-stage cardiomyopathy, hemodynamic support
with aleft ventricular assist device (LVAD) frequently serves as an
important bridge to cardiac transplantation (BTT).** In addition,
there is an increasing interest in the potential use of LVAD support
asa “bridge to recovery” (BTR) to facilitate myocardial recovery
without transplantation.® The majority of BTR subjects thus far
reported have had self-limited inflammatory cardiomyopathy or
myocarditis.® The potential for BTR in chronic cardiomyopathy
remains more uncertain.

Apoptosis, or programmed cell death, is evident in the
myocardium of subjects with end-stage HF who undergo
cardiac transplantation,”® and the resultant loss of cardiac
myocytes contributes to HF progression.”'° The apoptotic
program is triggered by the activation of Fas, a transmembrane
receptor belonging to the TNF receptor superfamily."" Cross-
linking of Fas by Fas ligand (FasL), a TNF-a-related cytokine,
promotes apoptosis and/or transcription factor activation
in a highly cell type-specific manner.">* Soluble Fas can be
detected in circulating plasma, and its levels are elevated in
patients with HF and correlate with disease severity and clinical
outcomes.'

The production of proinflammatory cytokines in the
myocardium is greater in subjects with end-stage HF rather than
at the time of initial diagnosis' and appears to be a late event
in HF progression.! Studies have shown elevated myocardial
TNF-0, interleukin (IL)-1f, FasL, and IL-6."*"" Cytokines have
been proposed to play an important role in the remodeling of the
myocardium and may facilitate apoptosis and HF progression.'®!!
In myocardial cells, the apoptotic signal is transmitted to the
IL-1B-converting enzyme (ICE) like protease effector cascade
by a cytosolic complex of activated Fas with Fas-associated death
domain (FADD) protein and FADD-like ICE (FLICE).2

Given the potential role of an LVAD to promote myocardial
recovery, a number of investigators have evaluated the impact of
support on gene expression. Recently, we have demonstrated®
that among subjects with recent-onset cardiomyopathy, low Fas
expression predicts a greater likelihood of myocardial recovery.
The impact of LVAD support on the myocardial expression of Fas

and related cytokines in more chronic cardiomyopathy may assist
in the determination of the potential for myocardial recovery.
We sought to evaluate the effect of LVAD placement on Fas and
cytokine expression in a cohort with end-stage HE.

Method

Study population

Fifteen subjects who underwent LVAD placement at the University
of Pittsburgh as a “bridge to cardiac transplantation” (BT T) were
investigated. Consent was obtained, and subjects were enrolled
in the LVAD/transplant tissue bank. The institutional review
board for human studies approved the study, and all subjects
gave written and informed consent. Myocardial tissue excised
from the left ventricular apex was obtained at the time of LVAD
placement, and again at the time of cardiac transplantation (Tx).
Myocardial expression in a group of donor hearts that were not
used for transplantation (n = 8; 44 * 16 years) served as the
nonfailing controls.

Myocardial gene expression

Myocardial samples obtained at the time of LVAD placement
or at the time of explant of the native heart and LVAD during
cardiac transplantation and at the time of donor harvest for
control samples were immediately frozen in liquid nitrogen and
stored at —-80°C until analysis. Myocardial gene expression was
assayed as previously described."* Total ribonucleic acid (RNA)
was extracted from the frozen tissue using an acid guanidinium
thiocyanate-phenol-chloroform method. To evaluate transcript
levels in the myocardium, a commercially available multiprobe
RNase protection assay kit (Riboquant; PharMingen, San
Diego, CA, USA) was used, with the assay performed according
to the manufacturer’s protocol. The transcript levels of Fas,
FasL, FLICE, TNF, TNF receptor (p55), IL-6, and IL-1[3 were
assessed. The value of each hybridized probe was quantified by
a phosphoimager using the Image Quant software (Molecular
Dynamics, Inc., Sunnyvale, CA, USA) and normalized to that of
glyceraldehyde phosphate dehydrogenase (GAPDH) included in
each template set as an internal control. The transcript levels were
expressed as % GAPDH level: expression gene X = (X quantified
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LVAD Control

n 15 8
Age (years) 47 £ 12 44 + 16
Male (%) 73 50
Ischemic (%) 33 Not applicable
LVEF 0.19 £ —0.08

PCWP (mmHg) 276

PA mean (mmHg) 378

Cardiac index (L/min) 2.1+ 0.6

IABP (%) 40

RVAD (%) 40

Duration of LVAD (days) 89 + 66

Table 1. Demographics of the LVAD cohort and controls.

by phosphoimager/GAPDH quantified by phosphoimager)
multiplied by 100. L32, an additional constitutively active gene
was used as an internal control to assess for errors.

Statistical analysis

For each gene analyzed, the mean expression in patients with
end-stage HF (at the time of LVAD implant) was compared to
donor controls and to levels of expression after LVAD unloading
(at the time of transplantation). In addition, the correlation of
Fas expression levels to cytokine expression was examined.
All statistical analyses were performed using SPSS (SPSS, Inc.,
Chicago, IL, USA). The results are presented as mean + SD.
Student’s t-test was used to compare each variable in the groups,
and a one-way analysis of variance (ANOVA) was performed for
more than two group analyses with LSD post hoc test. Pearson’s
correlation coeflicient r was used as a measure of linear association
between two variables. Statistical analyses between the related
subgroups to assess the change in expression at LVAD and at the
time of transplant was performed using the Wilcoxon signed-
rank test. The differences were considered significant at a value
of p <0.05.

Results

The cohort (n = 15; age 47 + 12 years) was 73% male and 33%
ischemic. All were NYHA class 4 at the time of LVAD implantation,
with a mean LVEF 0f 0.19 + 0.08 (Table 1). The mean duration of
CHF symptoms was 71 + 44 months, and the duration of LVAD
implant was 89 + 66 days. Pre-LVAD, 6 patients (40%) received
an intraaortic balloon pump (6 + 6 days) and 6 (40%) received
biventricular support (mean duration 44 + 85 days). The patients
were implanted with commercially available pulsatile flow LVADs:
66% Novacor (World Heart Corporation, CA, USA) and 33%
Thoratec (Thoratec Corporation, MA, USA).

Gene expression in end-stage HF: time of LVAD
implantation

At the time of LVAD implantation, the expression of myocardial
cytokines was significantly elevated (Figure 1) when compared
to donor controls including TNF (0.38 + 0.18 vs. 0.10 + 0.06,
p=0.0002),1L-6 (1.41 + 1.36 vs. 0.13 £ 0.08, p=0.01), and IL-1
(1.2+0.9vs.0.24 £ 0.18, p=0.008), with a trend toward increased
TNFR55 (9 + 6 vs. 6.2 £ 2.9, p = 0.09). The expression of the
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Figure 1. Cytokines and apoptotic gene expression in controls, pre-LVAD,
and post-LVAD. Transcript levels expressed as % GAPDH level: expression gene X
= (X quantified by phosphimager/GAPDH quantified by phosphoimager) multiplied
by 100. *Pre-LVAD mean levels significantly higher than control levels, p < 0.05.
**Post-LVAD mean levels significantly lower than pre-LVAD, p < 0.05.

Fas receptor (0.89 + 0.44 vs. 0.38 + 0.06, p = 0.004) and FLICE
(0.73 £ 0.6 vs. 0.22 £ 0.08, p = 0.02) was significantly elevated,
with a trend toward increased FasL expression (0.05 + 0.07 vs.
0.01 £ 0.03, p=0.08).

Myocardial expression post-LVAD support

At the time of transplantation, with LVAD support, the expression
of IL-6 was markedly decreased (post-LVAD 0.67 + 1.2, p=0.036).
In contrast to IL-6, the mean levels of myocardial TNF (0.33 +
0.28, p = 0.53), IL-1P3 (0.80 + 0.8, p = 0.3), Fas (0.72 + 0.55,
p=0.4), and FasL (0.03 + 0.03, p = 0.9) remained elevated. The
impact of VAD support on individual subjects myocardial expression
of Fas and FLICE was markedly heterogeneous (Figure 2).

Relationship of Fas and TNF expression pre- and post-LVAD
Correlations of Fas to cytokine expression are displayed in
Table 2. The expression of Fas was strongly linked to TNF
expression at the time of implantation (r=0.72, p=0.001). While
individual changes in both TNF and Fas post implantation were
markedly heterogeneous, the correlation remained strong and
was unaffected by LVAD support (r = 0.82, p < 0.001). Indeed,
changes in Fas correlated with changes in TNF (r=0.81, p=0.001;
Figure 3). In contrast, myocardial expression of TNF was more
weakly correlated with the TNF receptor, TNFR1 (pre-LVAD:
r=0.45, p = 0.04; post-LVAD: r = 0.48, p = 0.03). In a similar
fashion, FasL was only weakly correlated with Fas (pre-LVAD:
r=0.57, p=0.01; post-LVAD: r = 0.46, p = 0.04).

Discussion

In the current study, the expression of Fas, TNF, and other
cytokines was markedly elevated in the myocardium of subjects
with end-stage HE. When reassessed post-LVAD at the time
of transplantation, Fas and TNF expression remained elevated
compared to donor controls. While the response of Fas expression
to hemodynamic unloading was highly variable, it remained
tightly linked to TNF expression, suggesting that TNF expression
may be an important driver of apoptosis.

A report by Torre-Amione et al. was among the first to
evaluate the impact of LVAD support on gene expression.”! In
contrast to the current results, this investigation of 8 subjects
by immunohistochemistry pre- and post-LVAD implantation
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demonstrated significant reductions of

myocardial TNE. However, this study
included 4 subjects who were BTR as

well as 4 who were BTT, unlike our

current data, which is limited to 15 BTT
subjects. Consistent with the current

data, a comparison of the BTR and BTT

subjects demonstrated significantly more
TNF reduction in BTR than in BTT
subjects, leading the investigators to
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suggest that TNF expression may predict
which subjects have greater potential for
recovery. In a study of 14 BT'T subjects by

Figure 2. Impact of LVAD support on Fas and FLICE expression. Transcript levels expressed as % GAPDH level.
Changes in gene expression from pre-LVAD to post-LVAD for each individual subject represented by a solid line.

FAS TNFR55 FLICE

TNF-o

Pre-LVAD 0.72%** 0.45 * 0.36

Post-LVAD (Tx) 0.827%** 0.48 * 0.76%**
FAS ligand

Pre-LVAD 0.57** 0.75%** 0.827%**

Post-LVAD (Tx) 0.46* 0.18 0.58**
IL-1B8

LVAD 0.73%** 0.971%** 0.90%**

Post-LVAD (Tx) 0.49* 0.61** 0.41*
IL-6

LVAD 0.39 0.4 0.28

Post-LVAD (Tx) 0.27 0.55* 0.2
All values are r (p value: *¥<0.05, ¥*<0.01, ***<0.001).

Table 2. Pearson's r correlates among cytokines and apoptosis genes at the time
of LVAD and transplant.
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Figure 3. Scatter plot of the relationship of the change in Fas expression
after LVAD implantation. Fas expression in % GAPDH on the y-axis, with the
change in TNF expression on the x-axis. The change in Fas significantly correlates
with the change in TNF (r = 0.81, p < 0.001).
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Taegtmeyer and colleagues, the response
of TNF expression to hemodynamic
unloading by LVAD was highly variable,
with few clinical predictors.”? The current
analysis suggests this variable response is closely correlated to
changes in Fas expression, and through this mechanism, may
identify subjects with greater potential for recovery.

Previous studies® evaluated myocardial cytokine expression
in a cohort undergoing LVAD implantation and compared this
to a cohort that received transplant without LVAD support. This
investigation demonstrated significantly increased myocardial
cytokine expression in LVAD subjects. In addition, this study
evaluated caspases as regulators of apoptosis and found higher
levels of caspase-9 in LVAD subjects. The investigators concluded
that in LVAD subjects, myocardial cytokines had resulted in
alterations in the apoptotic pathway. Indeed, they argued that
anticytokine therapeutics might delay disease progression.

Among the cytokines assessed, only IL-6 was significantly
reduced by LVAD support. A comparison of subjects with
compensated cardiomyopathy with those requiring an LVAD!
demonstrated that IL-6 expression was not evident in the
myocardium of compensated subjects but was abundantly
expressed in the myocardium in end-stage HE The use of an
LVAD markedly decreases myocardial wall stress in the left
ventricle (LV), and the significant reductions in IL-6 suggest
that the change in expression is driven by the unloading of the
LV. In contrast, the absence of significant reductions in TNF
with LVAD support suggests its expression may not be reflecting
hemodynamic decompensation but rather a separate primary
pathogenic process.

There is an increasing interest in the use of ventricular support
to facilitate myocardial recovery. Hall et al. reported on the changes
in integrin signaling by microarray analysis in 6 patients who
underwent LVAD as BTR.” The changes in cytokelatal proteins
appear distinctly different in BTR subjects when compared to
subjects who require transplantation.* The LVAD Working Group
reported that myocardial recovery can occur within 30 days on
LVAD support; however, the degree of left ventricular recovery
is sufficient to allow explantation in only a minority of subjects.”
Adjunctive therapy may allow LVAD support to be more effective
as a BTR, and a recent report suggests that treatment with the [3,
agonist clenbuterol may facilitate recovery.”

Anticytokine and antiapoptotic therapeutic interventions may
also have a beneficial impact on myocardial recovery. Skudicky
et al.” demonstrated a significant reduction of TNF and Fas and
an improvement in left ventricular function in a study of subjects
treated with the phosphodiesterase inhibitor, pentoxyphylline. In
contrast, a large trial of the soluble TNF receptor, enbrel, as an
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anticytokine strategy in HF? failed to demonstrate any significant
clinical benefit. It remains to be determined whether strategies to
block cytokines or apoptosis in subjects requiring LVAD support
will potentially facilitate myocardial recovery.

The current study demonstrated the variable impact of LVAD
support on both cytokine and apoptotic gene expression. We
have previously demonstrated in subjects with recent-onset
cardiomyopathy that lower Fas expression predicts a greater
likelihood of myocardial recovery during follow-up.*® Though
the assessment of Fas gene expression may assist decisions on
recovery potential, the current study is limited by its restriction to
BTT subjects, and investigation of gene expression in subjects with
LVAD support for BTR will be critically important. In addition,
while the relationship of TNF and Fas in subjects undergoing
LVAD support is clear, additional investigations are required to
confirm the correlation of Fas to TNF expression, with histologic
assessment of apoptosis. For many subjects who receive LVAD
support, left ventricular dysfunction has reached the end-stage
of the disorder and myocardial recovery may not be a reasonable
goal. Further investigations of the molecular signature of left
ventricular dysfunction should eventually lead to an assay or a
profile that indicates when myocardial recovery is still feasible.
For subjects with an appropriate recovery profile, explanation
of the LVAD without cardiac transplantation should remain an
important goal of therapeutic intervention.

A limitation of the current study is that protein levels were not
assayed, only transcript levels were. In addition, transcriptional
analysis utilized RNase protection assay (RPA) rather than
quantitative PCR. An importantlong-term objective of the current
myocardial expression analysis is the determination of recovery
potential. For the transcriptional profiling to become clinically
useful for predicting recovery, it must be performed on the limited
tissue obtained by routine endomyocardial biopsy. While tissue
availability was not a factor in the current study, a methodology
was purposefully chosen that has been performed previously
by our group on biopsy samples.! Indeed, this same analytical
technique has been performed on a single endomyocardial biopsy
sample® in subjects with recent-onset cardiomyopathy and has
demonstrated that low Fas expression by RPA predicted increased
recovery potential.

In conclusion, a marked elevation of myocardial Fas
expression is present in end-stage HF and correlates with the
expression of TNE The relationship of Fas expression to TNF is
independent of hemodynamic loading and is not altered by LVAD
support. Indeed, cytokine expression in end-stage HF may trigger
an irreversible apoptosis effector cascade. Adjunctive therapies
designed to interrupt this cytokine-apoptosis pathway may be
necessary to assist LVAD recovery strategies and allow expansion
of BTR to more chronic progressive cardiomyopathy.
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