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Biomarkers in Heart Failure

Inflammatory Markers in Heart Failure
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« Evidence of cytokine hypothesis

« Characteristics of inflammatory markers in
heart failure

 Immune modulation in heart failure
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« Evidence of cytokine hypothesis
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nesis of Heart Failure

Hemodynamic

!

Neurohormonal
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mechanisms
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Mechanisms and models in HF: A combinatorial approach. Circulation 100:99, 1999



® [nflammatory cytokines in patients with heart failure were
first described in 1990

® Tumor Necrosis Factor (TNF) levels were measured in
33 patients with chronic heart failure, 33 age-matched
healthy controls

® Results: Circulating levels of TNF are increased in
patients with chronic heart failure and this elevation is
associated with the marked activation of the renin-
angiotensin system seen in patients with end-stage
cardiac disease

Levine B, KalmandJ et al.N EnglJ Med. 1990;323(4):236-41



Hypothesis

® Heart failure progresses, at least in
part, as a result of the toxic effects
exerted by endogenous cytokine
cascades on the heart and the
peripheral circulation



® Endotoxin-
induced
cytokine
production

® Myocardial
cytokine
production

Mesenteric Intestinal
venous Bacterial
congestion Translocation

Immune activation Endotoxin
with rise of TNFa . release
and sCD14 into circulation

Elevated Myocardial
Diastolic TNFa
Wall stress production

LV dysfunction
and Dilation

European Journal of Heart Failure 1 1999 309-312



® Extramyocar
dial cytokine
production

cyt

failure

okines activated in

r,

g
Impaired Tissue hypoxia and
vasodilator —» | free radical
reserve production
Elevated NF-kB mediated
cytokkine ¢ cytokine
production production

European Journal of Heart Failure 1 1999 309-312



LPS

Bowel wall oedema

"

Tissue underperfusion

Tissue injury
5 ﬁ o
1 @

Adrenerglc nervous system

|11

Myocardial production

Translocation ’1 e
— i #
5 ,V’ g

Immune activation

Hypoxia

Pro-inflammatory

cytokine activation

Heart 2004:90:464-470.
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Stimuli for cytoline production
v'Infection/Endotoxin
v'Mechanical overload
vIschemia

v'Oxidized LDL

{ s as pathogenic mediators of
chronic heart failure

Cardiac events
v LV remodeling

v Dilated cardiomyopathy
v’ Decompensation

Inflammatory Cytokines in CHF
vTNF- a

vIL-6

vIL-1B

v'Chemokines(MCP, IL-8)

v

Cellular events

v Cardiomyocate hypertrophy
v Cardiomyocyte apoptosis

v Change of ECM degradation
v Myocardial fibrosis

DamasJK et al Curr Control Trials Cardiovasc Med.2001;2 (6): 271-277



Endotoxin (EU/ml)
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Cel retch stimuli induce upregulation of
cytokme production
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Arteriosclerosis, Thrombosis, and Vascular Biology. 1998;18:894-901



Congéstlve Heart Failure
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TNEL%S in TNF-a transgenic mice (TG)

and wild-type control mice (WT)

T - .
- Il
= l
u sk
I
—_
(&) 200 -
O
=, .
O
O N ,
TG WT TG WT TG WT
6w 12W 24\WN

Circ Res. 1997;81:627-635



Hematoxylin-Eosin Trichrome TUNEL
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Eff:!L ‘'of a Continuous Infusion of TNF- a
on LV Structure
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* Myocardial wall stress, ischemia , oxidative stress,
bacterial endotoxin promote inflammatory cytokine
( TNF-a, IL-6, IL-13, MCP-1, IL-8 ) production in heart
failure

 Inflammatory cytokines play a pathogenic role by effect
on both myocyte and nonmyocyte.

* The relative importance of the stimuli for cytokine
production in various forms of CHF is uncertain.
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« Characteristics of inflammatory markers in
heart failure



nmatory Mediators in Heart Failure

® Inflammatory Cytokines

v TNF-a

v IL-6, IL-18 vs IL-10

v’ Cardiotrophin

® C-reactive protein

® Adhesion molecule

v ICAM, VCAM, Integrin, Selectin

® Nitric oxide

® |_eukocyte subsets : CD3+, CD68+
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TNF-a

® First described in 1975,

® Cachectin

® 2 TNF-a receptors :

v Expressed by almost all nucleated cells
v TNFR1

* main signalling receptor

 deleteroious effect

v TNFR2

* Appears to have protective role

® Soluble TNF receptors : predict prognosis better
than TNFa




o
Lg "} )f TNF-a according to NYHA
functional clas

Control Classl Class Il Class lll Class IV

Seta Y. J Card Fail. 1996;2:243-249
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kB

LV dysfunction

LV remodelling
Cardiomyopathy
Myocyte apoptosis

f3 Receptor uncoupling
Endothelial dysfunction
Pulmonary oedema
Cachexia/anorexia
Insulin resistance

iNOS activation



® Released in direct response to TNFa : linear
correlation

® Induce hypertrophic response of myocyte and
block cardiac myocyte apoptosis

® \While increased concentrations of |IL-6 were
found to be associated with a poorer prognosis
in CHF patients, those of the soluble IL-6
receptor (IL-6R) were not.



® Pro-inflammatory cytokines, not much known

® Demonstrated in in patients with DCM and it
depresses myocardial contractility in a dose
dependent fashion.

® Being involved in myocardial apoptosis,
hypertrophy, and arrnythmogenesis



ctive protein

® Found in 1930.

® Reacts with the somatic C polysaccharide of
Streptococcus pneumoniae

-> Activate classical complement pathways
® Exclusively produced in the liver

® Secreted in increased amounts within six hours
of an inflammatory stimulus and is therefore
regarded as a marker of acute inflammation.



Proportional survival
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p-value (log-rank): < 0.00001
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Months since randomization

Anand IS, Circulation 2005: 112;148



® |[L-10 is one of the most important anti-
iInflammatory cytokines down regulating the
production of TNFa, IL-1, and IL-6, respectively.

® |L-10 also enhances the release of soluble TNFR
which contributes to the reduction of TNFa
activity.

® increased or decreased in CHF patients

® |VIG - Increase IL-10 - improved LVEF

. may offer therapeutic potentials in CHF



etween absolute change in
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Lars Gullestad , Circulation. 2001;103:220



Production of TNF-alpha Serum IL-6
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Deswal A et al, Circulation 2001;103:2055
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Blomarkers in Heart Fallure :

Characterlstlcs of mflammato markers

in heart failure

« While unable to establish cause and effect
relationship inflammatory markers appear to be
elevated relatively early in the disease process NYHA
class | or Il 2> potential role of the use of such
markers to predict new-onset HF.

« A variety of studies have demonstrated that
inflammatory cytokines are elevated in patients with
HF in concordance with disease severity

 TNF-q, IL-6, TNFR1, and TNFR2 were all significant
independent predictors of long-term mortality.In this
analysis, the soluble TNF-a receptors, TNFR1 and
TNFR2, were the most powerful predictors of
longterm mortality,
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 Immune modulation in heart failure



Mgmzn of inflammation in CHF

® B-blocker, ACE-I, Statins on inflammatory
markers in HF

® Recombinant human soluble TNFR (etanercept)
® Monoclonal antibody to TNFa (infliximab)

® Pentoxifylline : inhibition of TNF a production

® Intravenous immunoglobulin (IVIG)

® Celacade TM : Immune Modulation Therapy



IL-6 bioactivity (pg/mL)

A% IL-6 bioactivity

>
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Gullestad, J Am Coll Cardiol.1999;34:2061-2067



‘on inflammatory cytokines in CHF

Placebo
-#- Atorvastatin

Baseline

Sola S, JACC 2006;47:332



CepL)
RECOVER
whll \
Placebo Etanercept : Etanercept
n=300 25mg 2x 25mg 1x
weekly weekly
n=300 n=300
Placebo Etanercept Etanercept
n=300 25mg 3x 25mg 2x  |:..... RENEWAL
weekly weekly (n=1500)
n=300 n=300

.......... \<:"".:;,""".J

RENAISSANCE

(n=900)

Primary end point : clinical status after 24 week treatment

Mann DL , Circulation. 2004;109:1594—-1602.



% of Patients

RECOVER RENAISSANCE

Early stopped due to

Lack of therapeutic benefit !

29% 27%

19% 21% 20%

placebo qgw biw placebo biw tiw

Mann DL , Circulation. 2004;109:1594—-1602.



*One hundred fifty patients with
stable New York Heart

Association class lll or IV heart
failure and Ieft ventricular
ejectio '

" rando
placebd
infliximab 5 mglkg (n50),
infliximab 10 mg/kg (n51)

= at 0, 2, and 6 weeks after
randomization and were
followed-up prospectively for 28
weeks.
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Causes of Failure

® |n addition, due to the redundancy of the cytokine
cascade, it is possible that intervention on a single
cytokine (such as TNF-a) may be insufficient to favorably
impact the progression of HF.

® specific groups of patients with greater degrees of
inflammation may receive more benefit from immune-
directed therapies.

® Specific biologic attributes of etanercept and infliximab
may have increased the biologic half-life of TNF-a or
resulted in the fixation of complement to cardiomyocytes
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SliwaK et al Circulation. 2004;109:750-755



1omodulatory Strategies IVIG

® [ncrease in LVEF (p<0.01) independent of the
cause of heart failure

60
G P<0.006
P=0.26
" =
) b
D | 1 | |
Baseline € mo Baseline 6 mo
IVIG Placebo

Gullestadet al Circulation 2001;103:220-225



® |Immune Modulation Therapy uses a medical device (VC7000
Blood Treatment System, Vasogen Inc) to expose a sample of
blood to a combination of physiochemical stressors ex-vivo

Oxidative stress is known to induce senescence of the white
blood cells

The treated blood sample is administered intramuscularly into
the same patient from whom the sample is obtained.

Vasogen has completed a multi-center phase Il clinical trial
investigating the safety and efficacy of Celacade ™in chronic
heart failure patients

/3 patients, randomized into two groups, each of which
received either Celacade ™or placebo treatments

Had a relatively advanced degree of heart failure as depicted
by NYHA Class (lll or 1V), a low (22%) left ventricular ejection
fraction (LVEF), and limited exercise capacity (<300m)



——

respon

e to apototic cell

From www.vasogen.com



€ There were no between-group differences in LVEF
or circulating levels of interferon-gamma, TNF-alpha,
interleukin-6, interleukin-10, brain natriuretic peptide,
and C-reactive protein
€ No safety concerns were apparent

Clinical Composite Score

c
O
whd
o P=0.006
=
Q.
(o)
(2
u— 36%
(o] 3%
= 24%
Qo
2 11%
(]
(2
Improved Unchanged

3%

Worsened

Survival (%)

------- Active
- isié_c;ebo
P=0.022
50 100 150 200

Time (Days)

250



NYHA CLASS Il / DEATH OR FIRST CV HOSPITALIZATION

® Phase lll double-blind,

placebo-controlled DECREASE IN RISK
clinical trial of Hazord Ratio=0.608
Cel e ]
Prim ary enc ® CELACADE™ u PLACEBO

mo . _ =459, evenls=92 (=330, eveals=124)

4 all cause mortality, sk
patl : 80
Ch Iro 80

Not significant diff

PATIENTS FREE OF EVENT (%)
el
=

But .

0 100 200 300 400 500

® N=2,408 DAYS



Inflammatory Markers

i
mmune modulation in hea aliure

® Correction of cytokine network may represent a
new therapeutic strategy approach in the
management of CHF.

® However, results obtained from the first clinical
trials are discouraging.

® More knowledge on inflammatory cytokine in
heart failure will allow more effective therapeutic
option



Inflammatory Markers

ummary

Immune activation plays an important role in the pathogenesis
of chronic heart failure (CHF)

While unable to establish cause and effect relationship
inflammatory markers appear to be elevated relatively early in
the disease process and correlated with disease severity

Recent clinical trials to inhibit TNF activity in CHF showed
disappointing results.

Although not necessarily the ‘drugs of choice’, recent studies of
various anticytokine and immunomodulating agents in CHF
clearly suggest a potential role for such therapies in addition to
the optimal medical regimens.

Larger placebo-controlled randomized studies are needed to
confirm the results in these small studies
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Circ Res. 1997;81:627-635
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Alterations in the Biology of the Myocyte
Myocyte hypertrophy
Fetal gene expression
Negative inotropic effects
Increased oxidative stress

Alterations in the Biology of the Nonmyocytes
Conversion of fibroblasts to myofibroblasts
Upregulation of AT, receptors on fibroblasts
Increased matrix metalloproteinase secretion by fibroblasts
Alterations in the extracellular matrix
Degradation of the matrix
Myocardial fibrosis

Progressive Myocyte Loss
Necrosis

Apoptosis



