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Prolonged activation of Tumor necrosis factor (TNF)-a
and its soluble receptors in chronic heart failure patients
both in the compensated and decompensated state.
Interplay between their levels and metalloproteinase-3
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ABSTRACT. Introduction. Recent clinical and experimental studies indicate that upregulation of the TNF system
can contribute to the progression of cardiac remodeling and heart failure decompensation, by promoting
alterations in cardiomyocyte biology and extracellular matrix metabolism. Extracellular matrix turnover is
regulated by the matrix metalloproteinases (MMPs), which are endogenous enzymes responsible for extracellular
collagen degradation. The present study investigates the fluctuation of serum levels of TNF-a, soluble TNF
receptor-1 (STNFR1) and -2 (sSTNFR2), in patients with chronic heart failure both during acute decompensation
and the stable state of the syndrome. The second goal of this study was to determine if a relationship exists
between serum MMPs profiles (MMP-1, MMP-2, MMP-3) and circulating TNF-a or its soluble receptors.
Methods. Our patient group consisted of 52 patients with chronic heart failure (NYHA III-IV; mean age:
65 £ 4 years; hypertensive cardiomyopathy: 20, ischemic cardiomyopathy: 17, dilated cardiomyopathy: 10,
valvular disease: 5), who were hospitalized for acute decompensation of the syndrome. Our control group
consisted of 30 healthy subjects (mean age: 57 £ 6 years). Serum levels of TNF-a, sTNFR1, sTNFR2 and
MMP-1,-2,-3 were measured in heart failure patients by ELISA at admission and after one month as follow-up.
Values are expressed as medians and interquartile ranges. {lital}Results. In our patient group, we observed a
statistically significant increase in the levels of STNFR1 and sTNFR2 at admission (sTNFR1: 5.15 ng/mL,
4.49-8.90 ng/mL, P < 0.001, sTNFR2: 13.40 ng/mL, 6.10-21.50 ng/mL, P < 0.001), and at one-month follow-up
(STNFR1: 5.30 ng/mL, 4.61-6.90 ng/mL, P <0.001, sTNFR2: 21.80 ng/mL, 11.50-25.20 ng/mL, P < 0.001),
compared to the control group (sTNFR1: 3.83 ng/mL, 3.70-3.95 ng/mL, sTNFR2: 4.00 ng/mL, 3.40-5.40 ng/mL).
There was a statistically significant difference in the levels of sSTNFR2 between admission and follow-up (P < 0.05).
Significant correlations between serum MMP-3 and sTNFR2 levels both at admission and follow up (r = 0.460,
P =0.005 and r = 0.338, P = 0.044, respectively) were also found. Conclusions. Soluble TNF receptors are elevated
in heart failure patients both in acute decompensation and stable phase. We have detected higher levels of soluble
TNFR2 during the compensated phase of heart failure, suggesting that TNFR2 receptors appear to stabilize the
cytokine and thereby prolong its half-life and biological functions. Finally, TNF system - mediated cardiac
remodeling may exist through the activation of MMP-3 signaling pathways.
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INTRODUCTION that have been documented to occur with increased TNF-o
levels, include alterations in myocyte size and number,

alignment of myocytes and changes in the myocardial

Tumor necrosis factor-a (TNF-a)) overexpression in hu-
man myocardium provokes changes that are relevant to the
process of left ventricular (LV) remodeling such as myo-
cyte hypertrophy [1], myocyte apoptosis [2], contractile
abnormalities [3] and fetal gene expression [4]. Another
important observation from past studies is that TNF-a can
cause cardiac dilatation [3, 5, 6]. Changes in LV geometry

extracellular matrix (ECM) [2, 5-7].

The ECM turnover during LV emodeling is regulated by
the balance between matrix metalloproteinases (MMPs, a
large family of Zn*? — and Ca*? — dependent endogenous
enzymes responsible for extracellular collagen degrada-
tion) and their tissue inhibitors (TIMPs), since TIMPS are
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the naturally occurring inhibitors of MMPs (8,9). Most
MMPs are secreted in an inactive or pro-MMP (zymogen)
form by a variety of cell types, such as smooth muscle
cells, endothelial cells, myocytes and others. The activa-
tion of the zymogen form is tightly regulated through
several pathways, including other MMPs such as MMP-3
and membrane type MMP (MT-MMP).

Increased MMP zymographic activity has been reported in
myocardial samples from patients with end-stage chronic
heart failure [8, 9]. Furthermore, a clear relationship be-
tween MMPs and LV remodeling process has been dem-
onstrated through the use of transgenic models [10, 11].
Cytokines such as TNF-a and interleukin-1f influence
MMP activity at the transcriptional level by upregulating
MMP mRNA expression [12-14]. Therefore, one molecu-
lar trigger for the induction of myocardial MMPs in LV
remodeling may be increased TNF-o synthesis and re-
lease.

The biological actions of TNF-a are mediated by two
distinct surface receptors, the TNFR1 and TNFR2 with
molecular weights of 55-60 kDa and 70-80 kDa, respec-
tively [15]. In the presence of mechanical stress or stimu-
lants including TNF-a, lipopolysaccharide and phorbol
esters, TNF receptors are released into the circulation by a
process called “shedding” [16-19].

One of the several issues surrounding the interpretation of
studies regarding circulating plasma TNF-o in chronic
heart failure patients, is that since TNF-a can be synthe-
sized locally within the myocardium, then circulating lev-
els of TNF-a may represent “spillover” of TNF-a pro-
duced within the heart and may not accurately reflect local
TNF-a activity [20]. TNF receptor plasma levels have been
used as biomarkers of progression of heart failure [21, 22].
Furthermore, in other studies there was a direct relation-
ship between levels of soluble TNF receptors and survival
rates [23, 24]. Thus, the presence of TNF receptors in
patients with heart failure are more likely than TNF-q,
indicative of local myocardial TNF-o activation and pre-
dictors of poor prognosis.

To our knowledge, there are limited references in the
current literature to how this cytokine system behaves
during transition from the decompensated heat failure to
the compensated state. Accordingly, the present study was
undertaken to investigate the pattern of TNF-a activation
and its soluble receptors (STNFR1 and sTNFR2) in the
serum of patients with acute decompensation of chronic
heart failure, as well as their fluctuations after one month,
as follow-up (stable phase). Furthermore, the second goal
of this study was to determine if a relationship exists
between serum MMPs profiles (MMP-1,MMP-2, MMP-3)
and circulating TNF/TNF receptors system.

PATIENTS AND METHODS

Study population

The patient population consisted of the first, consecutive
52 patients (mean age 65 + 4 years, 28 men) with chronic
heart failure who were admitted to our Cardiology Depart-
ment’s Coronary Care Unit with acute decompensation of
the syndrome. All patients were known, compensated heart
failure patients attending the outpatient heart failure clinic
of our cardiology department. Their chronic heart failure
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status had been determined on a prior visit to our outpatient
heart failure clinic, by the presence of marked limitation or
inability to carry out any physical activity without discom-
fort (NYHA stage III-IV), by chest radiography showing
an enlarged cardiac silhouette and by a left ventricular
ejection fraction of 50 percent or lower on echocardio-
graphy following Simpson’s method. The cause of their
heart failure was coronary artery disease in 17 patients,
hypertensive cardiomyopathy in 20 patients, idiopathic di-
lated cardiomyopathy in 10 patients and valvular disease
in five patients.

The acute decompensation of their stable heart failure was
documented by the presence of recent onset dyspnea at
rest, orthopnea and increased body weight on recent medi-
cal history, the presence of pulmonary rales, the presence
of a third heart sound, the presence of leg edema, and chest
radiography showing pulmonary venous congestion. In
none of our study patients, was the acute decompensation
of heart failure due to an acute coronary syndrome as
determined by serial negative Troponin T measurements
and with unchanged ECG serial recordings. Blood samples
were taken at admission and one month after resolution of
symptoms and restoration of a clinical stable phase.

This study also enrolled 30 control subjects (mean age
57 + 6 years, 20 men). The healthy volunteers had no past
history or evidence of cardiovascular disease, hyperten-
sion or diabetes mellitus. Their ECG showed normal find-
ings and their chest X-ray gave a normal heart silhouette.

The present study did not include patients or control sub-
jects with a history of neoplastic, hepatic, thyroid, infec-
tious, autoimmune, peripheral atherosclerotic disease, any
surgical procedure in the preceding six months or who
were under treatment with anti-inflammatory and/or hypo-
lipidemic drugs.

Patients and healthy volunteers gave written informed
consent and were studied in compliance with ethical ap-
proval.

All patients were on standard medical treatment for heart
failure, with combinations of medications, including ACE
inhibitors, AT1 receptor blockers, nitrates, diuretics, digi-
talis, spironolactone and beta-adrenergic blockers.

Table 1 demonstrates the demographic, clinical and treat-
ment characteristics of study patients and healthy controls.

Laboratory measurements

Blood samples were drawn from the peripheral vein at
admission and at the one-month follow-up visit to the heart
failure outpatient clinic. After centrifugation at 4 000 g for
10 min, serum samples were frozen and stored at — 70 °C
until use. This study investigated serum levels of TNF-a,
its soluble receptors STNFR1 and sTNFR2, and three
different MMPs -an interstitial collagenase MMP-1, a ge-
latinase MMP-2 and a stromelysin MMP-3.

An immunoenzymometric assay (ELISA), for the quanti-
tative measurement of human tumor necrosis factor-a in
serum, was performed using a commercially available kit
“Biosource Europe S.A.”. The sensitivity of the assay was
3 pg/mL. Intra-assay and inter-assay coefficients of varia-
tion (CVs) were <5.2% and < 9.9%, respectively. The
assay measured total TNF-a (free unbound cytokine and
cytokine bound to receptors).

Serum TNFRI1 levels were assessed according to the
manufacturer’s specifications using an ELISA kit “Human
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Table 1
Demographics and medication of study population.

Control group Patients group
(n=30) (n=52)
Demographics
Age (years) 57+6 65 =4
Male (%) 66 54
Plasma creatinine (mg/dL) 0.9=+0.1 1.2+0.1
NYHA class III-IV 0 52
LVEF (%) 60 =4 35+4
Etiology (%)
Ischemic - 32
Hypertensive - 38
Valvular - 10
Dilated cardiomyopathy - 20
Medication (%)
Nitrates - 90
Beta-blockers - 15
Digitalis - 60
ACE inhibitors - 100
AT receptor blockers - 30
Diuretics - 100
Spironolactone - 45
Amiodarone - -
IV inotropes - 10

sTNFR1 60 kDa ELISA- ImmunoKontact” capable of
quantitative measurement of soluble, circulating - “shed”
forms of TNF receptor 1. The sensitivity of the assay was
< 80 pg/mL. Intra-assay and inter-assay coefficients of
variation (CVs) were < 1.89% and < 8.6%, respectively.
No interference was observed by tumor necrosis factor-a.

Serum TNFR2 levels were assessed according to the
manufacturer’s specifications using an ELISA kit “Human
sTNFR2 80 kDa ELISA-ImmunoKontact” capable of
quantitative measurement of soluble circulating - “shed”
forms of TNF receptor 2. The sensitivity of the assay was
< 0.15 ng/mL. Intra-assay and inter-assay coefficients of
variation (CVs) were < 1.4% and < 2%, respectively. No
interference was observed by tumor necrosis factor-o.

Sandwich enzyme-linked imunosorbent assay (ELISA)
was performed for measuring concentrations of serum
MMP-1, using “Quantikine R,D Systems” commercial
kits capable of measuring pro - MMP-1.The sensitivity of
the assay was 2.1 pg/mL. Intra-assay and inter-assay coef-
ficients of variation (CVs) were <6.1% and < 10.4%,
respectively The antibodies did not recognize human ac-
tive MMP-1 and MMP-1 bound to TIMP-1. Sandwich
ELISA was also performed for measuring concentrations
of serum MMP-2, using “Oncogene Research Products”
commercial kits. The sensitivity of the assay was
0.1 ng/mL. Intra-assay and inter-assay coefficients of
variation (CVs) were taken as < 8.3% and < 9.7%, respec-
tively The antibodies recognized pro -MMP-2 and active
MMP-2. Sandwich ELISA was performed for measuring
concentrations of serum MMP-3 using “Quantikine R&D
Systems” commercially available kits. The sensitivity of
the assay was 9 pg/mL. Intra-assay and inter-assay coeffi-
cients of variation (CVs) were < 6.4% and < 8.6%, respec-
tively. The antibodies recognized both active and pro
-MMP-3.

Statistical analysis

TNF-0, sTNFR1 and sTNFR2 levels are expressed as
median and interquartile ranges, as their values were mark-
edly abnormally distributed. The Kolmogorov-Smirnof
test was used to examine the normality of the values’
distribution. The comparison of variables between the
control and the patient group was performed using the
non-parametric Mann-Whitney U test for unpaired data.
The comparison of variables between admission and
follow-up within the patient group was performed using
the non-parametric Wilcoxon signed ranks test for paired
data. When assessing the correlation between variables,
the Spearman rank test was used first, comparing variables
both at admission and at follow-up. For the serial assess-
ment of TNF-a, MMPs and soluble cytokine receptors,
admission values and the value for the follow-up period
were measured and expressed as the change from admis-
sion.

The relationship between the change in sSTNFRI and
STNFR?2 to that of MMP-1, MMP-2, MMP-3 and TNF-a
serum levels was examined using regression analysis.

After this, a cut-off analysis was then performed. sSTNFR1
and sTNFR2 serum levels were categorized into two
groups: no change or decreased levels from admission, or
increased TNFR1 or TNFR2 levels from admission. Next,
comparison between groups was performed using the de-
fined cut-off, which was established as the absolute change
in relative soluble cytokine receptor levels, with the Mann-
Whitney U test for unpaired data.

To determine any stoichiometric relationship between
TNF-a and its receptor levels (sSTNFR1 and TNFR?2), the
TNF-0/sTNFR1 ratio and TNF-a/sTNFR2 ratio were
computed for each patient and a comparison was made
between groups on admission and at follow-up using the
non-parametric Wilcoxon signed ranks test for paired data.
A value of P <0.05 was considered statistically signifi-
cant. All statistical procedures were performed using Sys-
tat Statistical Software (SPSS; Chicago, IL, USA).

RESULTS

Table 2 describes the fluctuation of TNF-a and its recep-
tors in the serum of heart failure patients between admis-
sion and one-month follow-up, as well as values of these
inflammatory variables in healthy controls.

We observed statistically significantly increased TNF-o
levels on follow-up compared to admission (P < 0.001), as
well as a significant increase in the levels of STNFR2 on
follow-up compared to admission (P < 0.05). On the other
hand, no significant changes were observed in sTNFR1
levels between admission and follow-up (P = 0.405) (Fig-
ure 1).

We found significantly increased levels of TNF-a, sT-
NFR1 and sTNFR2 in heart failure patients compared to
healthy individuals both at admission and at the one-month
follow-up (P < 0.001).

We observed a significant association between the levels of
STNFR2 and MMP-3, both at admission (r=0.460,
P =0.005) and in follow-up measurements (r=0.338,
P =0.044) (Figures 2, 3). On the other hand, we observed
no association between circulating TNF-a and sTNFR1
levels (P > 0.05) or sTNFR2 levels (P > 0.05) both on
admission and at follow-up.
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Table 2

Fluctuation of circulating TNF-a, sSTNFR1 and sTNFR2 levels in heart failure patients between admission and one-month
follow-up (values of various inflammatory markers in healthy controls were also included)

TNFo TNF-a TNF-a. sTNFR1 sTNFR1 sTNFR1 sTNFR2 sTNFR2 sTNFR2
controls admission  follow-up controls admission  follow-up controls admission  follow-up
(pg/mL) (pg/mL) (pg/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Minimum 17.08 16.29 3.46 3.61 4.05 3.46 3.00 2.90 4.20
25% 18.80 21.43 49.54 3.70 4.49 4.61 3.40 6.10 10.50
Median 19.86 25.43 85.55 3.83 5.15 5.30 4.00 13.40 21.80
75% 21.50 51.38 117.22 3.95 8.90 6.90 5.40 21.50 25.20
Maximum 30.43 115.50 352.60 5.75 13.50 10.20 22.60 42.80 100.00
For the serial assessment of TNF-o, MMPs and soluble The relationships between the absolute change from base-
cytokine receptors, admission values and the values for the line of TNF receptor types 1 (sSTNFR1) and 2 (sTNFR2) to
follow-up period were measured and expressed as the changes in matrix metalloproteinase-3 (MMP-3) levels,
change from admission (7able 3). and to changes in TNF-a levels were examined by non-
sSTNFR1 (ng/mL) MMP-3 (ng/mL)
140
15 +
P =0.405 120 1
10 100 1
80 1
5
- 60
0 — , | 40
admission follow-up
20 1
STNFR2 (ng/mL) 0 . . . .
100 - _ 0 10 20 30 40 50
80 - STNFR2 (ng/mL)
60 - P =0.043 Figure 2
Correlation between MMP-3 levels and sSTNFR2 levels at admission
40 in heart failure patients (r = 0.460, P = 0.005).
20 -
MMP-3 (ng/mL)
0 . 60
admission follow-up
50
TNF-a (pg/mL) 40
400 -
30
300 - P <0.001
20 A
200 -
10] a0
100 -
0 T T T T T
0 : , 0 20 40 60 80 100 120
admission follow-up sTNFR2 (ng/mL)
Figure 1 Figure 3
Comparison of TNF-a, sSTNFR1 and sTNFR2 levels between admis- Correlation between MMP-3 levels and sTNFR?2 levels at follow-up

sion and 30-day follow-up in heart failure patients.

in heart failure patients (r = 0.338, P = 0.044).
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Table 3
Change in sTNFR1, sTNFR2, TNF-0, MMP-1, MMP-2 and MMP-3 levels at one-month
follow-up from admission, in heart failure patients

Change Change Change Change Change Change

in STNFR1 insTNFR2 in MMP-1 in MMP-2 in MMP-3  in TNF-a
Minimum -8.30 -13 -7.03 —327.80 —74.26 —-31.56
25% -2 -0.20 -3.96 —113.80 -32.38 6.71
Median -0.25 5 -2.36 -173.10 -9.14 46.03
75% 0.70 8.40 -0.97 58.55 -1.02 90.98
Maximum 3 57.20 2.45 132.10 6.51 262.01

linear regression analysis. A significant quadratic relation- DISCUSSION

ship between sSTNFR1 and MMP-3 changes (R* = 0.182,
P =0.045) (Figure 4) as well as between sTNFRI1 and
TNF-0. changes (R?=0.254, P =0.008) (Figure 5) was
observed. Furthermore, a significant quadratic relationship
between TNFR2 and MMP-3 changes (R”=0.380,
P =0.001) was also found (Figure 6). On the other hand,
no relationship was observed between sSTNFR2 and TNF-a
changes.

A cut-off point analysis was then performed between the
absolute change in sTNFRI1 (increased or decreased/
stable) and changes in MMP-3 and TNF-a, as well as
between the absolute change in sTNFR2 (increased or
decreased/stable) and changes in MMP-3 and TNF-a. In
those heart failure patients with elevated sSTNFR2, MMP-3
levels were increased (Figure 7).

The ratios TNF-a/sTNFR1 and TNF-0/sTNFR2 were
computed for each patient at admission and at follow-up
(Table 4). We observed a significant increase of both ratios
at the follow-up visit (P <0.001 and P =0.004, respec-
tively) (Figure 8).

Change in STNFRI levels (ng/mL)

4

4

-50 -40 -30 -20 -10 0 10
Change in MMP-3 levels (ng/mL)

Our study suggests that the TNF system is activated in
severe heart failure patients (NYHA III-IV) during both
the acute decompensation and compensated phase, as
compared to healthy individuals. These results were in
agreement with previously reported data [22, 23].

However, the activation of the TNF system is complex and
difficult to interpret, since peripheral circulating levels of
TNF-0 may not reflect local myocardial TNF-o activity
[21]. Therefore, measurement of TNF soluble receptors,
which are known to be “shed” from target cells upon a
stress stimulus, is necessary to assess it fully [22-25].

The present study showed that circulating TNF receptors
(sTNFR1 and sTNFR2) are also increased in heart failure
patients (NYHA III-IV) both during acute decompensa-
tion and at one-month follow-up, compared to healthy
individuals, confirming previously reported data [26, 27].

This prolonged activation raises questions as far as their
pathophysiological role in heart failure is concerned. Their
presence suggests the possibility that the shedding of TNF

Change in TNF-o. levels (pg/mL)
300

200 1

100 1

-10 -8 -6 -4 2 0 2 4
Change in STNFRI levels (ng/mL)

Figure 4
The relationships between the absolute change from admission of
tumor necrosis factor receptor type 1 (sSTNFR1) and changes in
matrix metalloproteinase-3 (MMP-3) levels were examined by non-
linear regression analysis. A significant quadratic relationship
(y=- 0.041x> - 0.17x — 0.64) between sTNFR1 and MMP-3
(R?>=0.182, P = 0.045) was observed.

Figure 5
The relationships between the absolute change from admission of
tumor necrosis factor receptor type 1 (sTNFR1) and changes in
tumor necrosis factor-a. levels were examined by non-linear regres-
sion  analysis. A  significant  quadratic  relationship
(y= 1.17x*> = 9.61x + 51.01) between STNFR1 and TNF-a (R =
0.254, P = 0.008) was observed.
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Change in STNFR2 levels (ng/mL)
20
10 1
0 4
10 1
20 T - - - - -
-100 -80 -60 -40 -20 0 20 40
Change in MMP3 levels (ng/mL)

Figure 6
The relationships between the absolute change from admission of
tumor necrosis factor receptor type 2 (sTNFR2) and changes in
matrix metalloproteinase-3 (MMP-3) levels were examined by non-
linear regression analysis. A significant quadratic relationship
(y =—-0.003x>+0.19x + 5.45) between sTNFR2 and MMP-3
(R*=0.380, P =0.001) was observed.

Change in MMP-3 levels (ng/mL)
20
P =0.022

0 4
-20 1
-40
-60
-80 -

Decrease / no change Increase
Absolute change of sSTNFR2 levels from admisssion

Figure 7
Changes in matrix metalloproteinase-3 (MMP-3) serum levels in
heart failure patients with respect to absolute changes in soluble
tumor necrosis factor receptor type 2 (STNFR2) serum levels from
admission. In patients in whom sTNFR2 plasma levels were in-
creased from admission, increased MMP-3 levels were also observed
(P =0.022).

Table 4
TNF-0/sTNFR1 and TNF-0/sTNFR2 ratio in heart failure patients on admission and follow-up.
Ratio TNFo/sTNFR1 Ratio TNFo/sTNFR1 Ratio TNFo/sTNFR2 Ratio TNFo/sTNFR2
on admission (x 10~3) on follow up (x 10~3) on admission (x 10~3) on admission (x 10~3)
Minimum 1.88 0.75 0.38 0.27
25% 3.66 8.6 1.36 2.46
Median 5.48 18.04 2.88 4.17
75% 10.17 24.30 4.70 11.41
Maximum 19.36 101.91 18.49 71.96
Ratio TNF-0/sSTNFR2 (ng/mL) x 10 Ratio TNF-0/sTNFR2 (ng/mL) x 107
120 - 80 -
90 A 60 -
p <0.001 p <0.004
60 40 4
30 4 20
0 T J- 1 O T 1
admission follow-up admission follow-up
Figure 8

TNF-a/sTNFRI1 ratio and TNF-0/sTNFR?2 ratio profiles for heart failure patients between admission and follow-up. An increase in both the
TNF-a/sTNFRI ratio and the TNF-0/sTNFR?2 ratio was observed at follow-up when admission levels were compared to follow-up levels (P

< 0.001 and P = 0.004, respectively).
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receptors in patients with heart failure is an adaptive re-
sponse that effectively neutralizes the biological actions of
TNF [27-29]. Not only does the shedding of TNF receptors
reduce the number of active receptors on target cells that
are necessary for TNF action, but circulating receptors can
also block the actions of TNF by inhibiting the binding to
the membrane receptors [28-31]. Many studies [28, 29,
31-34] suggest that the actual neutralization of TNF-a. is
likely only if soluble receptors circulate at extremely high
levels. It will be of great interest to investigate further, the
multifunctional regulation of TNF-a by its receptors.

On the other hand, some investigators have suggested that
soluble TNF receptors may enhance, rather than attenuate,
the biological actions of TNF. By binding to TNF, soluble
TNF receptors appear to stabilize the cytokine by protect-
ing trimeric TNF-a from monomerization and subsequent
inactivation, and thereby prolonging its half life and bio-
logical functions [28, 31, 33]. Therefore, the release of
soluble receptors acts to establish a circulating reservoir of
TNF, which can slowly release TNF to target cell [29].

Finally, it is possible that circulating receptors act neither
to enhance nor to neutralize the actions of TNF in vivo, but
simply to provide a sensitive marker for the interaction of
the cytokine with its target cells [29, 33].

Studies investigating the fluctuation of TNF-a levels dur-
ing acute decompensation of heart failure patients, have
reported no significant change in TNF-a concentrations
between the “decompensated” state compared to the short
term (5-11 days after acute decompensation) “recovery”
state [35-37]. In addition, our study investigated the fluc-
tuation of TNF-a levels and its soluble receptors between
acute decompensation of heart failure patients and a longer
term “recovery” state, i.e. 30 days after resolution of
symptoms and restoration of clinical stability.

Our finding that both TNF-a levels and sSTNFR2 levels are
decreased during the acute decompensation of chronic
heart failure compared to their levels at one-month
follow-up (compensated phase), is more in accordance
with the “immunological reservoir’” hypothesis. A possible
mechanism for the decreased levels of this cytokine and its
receptor during the acute decompensation phase is that a
stress stimulus might have led to an acute release of TNF-a
from the circulating TNF-a/sTNFRs complexes with sub-
sequent binding to its membrane bound TNF receptors,
initiating its adverse effects the on the target cells and
leading to the acute decompensation phenotype of chronic
heart failure. The mechanism for the spontaneous release
of TNF-a from the circulating TNF-a-sTNFRs complexes
and the way it is sequestrated to target cells need further
investigation.

It has been stated that TNF-o induces the shedding of its
soluble receptors and there was indeed a positive correla-
tion between antigenic circulating TNF-a and sTNFRs
[27-29]. Accordingly, in our study we examined the asso-
ciation between TNF-a and soluble TNF receptors. We
observed a more complex association between the change
in TNF-a levels and the change in sSTNFR1 levels between
the acute decompensation and the stable compensated
phase of heart failure.

Moreover, we observed a strong association between sT-
NFR2 levels and MMP-3 levels. Specifically, we observed,
apart from a positive correlation between STNFR2 and
MMP-3 levels both at admission and at follow-up, that
patients with increased immune activation (increased sT-

NFR?2 levels) were characterized by persistently elevated
MMP-3 levels. This finding is in accordance with the
hypothesis that changes in circulating sSTNF receptors can
contribute to detectable changes in MMP serum levels.
Furthermore, it supports the hypothesis that TNF-o-
mediated LV remodeling may occur through MMP induc-
tion pathways. A number of in vitro studies have provided
evidence that TNF-a may induce MMP over-expression
through activation of various transcriptional factors (i.e.
AP-1 and NF-kB), and enhanced oxidative stress. [38-41].
Oxidative stress-induced activation of MMPs may be
achieved, at least partially, through the upregulation of
mitogen-activated protein kinases and autocatalysis of in-
active molecules by oxidative modification of their autoin-
hibitory domain [40, 41].

Studies in transgenic animals as well as in myocardial
samples of end-stage heart failure patients, have shown
that a great number of MMP species are over-expressed in
failing hearts, such us MMP-1,-2,-3,-9,-13 and MT-1-
MMP [9-11]. In the present study, we chose to investigate
a specific portfolio of MMPs (MMP-1, MMP-2 and
MMP-3) as these are the MMPs required for the complete
degradation of interstitial collagen. More specifically, we
examined MMP-1, a member of the interstitial collagenase
family, with high affinity for the fibrillar collagens types I,
II and III, MMP-2, a gelatinase that cleaves denaturated
collagen as well as basement membranes, and MMP-3, a
member of the stromelysins family that cleaves a wide
variety of extracellular matrix components and which can
activate other MMP types. Our observations suggest that
from the three MMPs investigated, MMP-3 seems to be
more specifically activated through sSTNFR2 pathways in
chronic heart failure patients. This is probably due to the
fact that MMP-3 on one hand has the widest range of
substrates and includes all of the fibrillar collagens as well
as components of the basement membrane, while on the
other hand, MMP-3 can activate other MMPs. These char-
acteristic properties, unique among other MMP species,
renders MMP-3 a major participant in the cascade required
to achieve activation of other MMP types relevant to LV
remodeling [8, 9].

Computing the relative stoichiometry between TNF-a. lev-
els and soluble TNF-a receptors has been used to define net
TNF-a system activation [34]. In our study, we observed
significantly increased ratios of TNF-o/sTNFR1 and TNF-
0/sTNFR2 on follow-up, compared to admission. This is
indicative of the prolonged immunological activation of
chronic heart failure patients. These findings indicate that
ratios between the circulating cytokine and its soluble
receptors may be better markers of the complex TNF-a
system activation than cytokine itself.

STUDY LIMITATIONS

We have only examined some representative members of
the complex MMP cascade, and have detected in some
cases, the pro-active forms of relevant molecules. On the
other hand, elevated serum levels of MMPs in patients with
cardiac failure may be due to multisite production (cardiac
and extra-cardiac) and do not necessarily reflect their ex-
pression in the failing heart. Thus, only indirect evidence
suggests that the molecules studied are associated with
pathophysiological events of cardiac dysfunction or dila-
tation.
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Finally, although statistical correlation between cytokines
and MMPs does not necessarily suggest a relation to their
clinical relevance, there is however increasing evidence
indicating that the TNF system interacts with MMPs dur-
ing the LV remodeling process.
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