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Introduction

Cardiac surgical operations performed on the open
heart are associated with the development of the systemic
inflammatory response syndrome (SIRS). In most cases, it
is manifested by transient tachycardia, arterial hypo- or hy-
pertension due to dysregulated vasomotion, body tempera-
ture rising into the febrile ranges without any sign of
concomitant infection, and slight abnormalities in most
blood chemistry tests. A subclinical form of SIRS is ex-
pressed virtually in all surgical or trauma patients, even in
those with relatively mild injuries which actually do not pre-
sent any therapeutic problem. This mild form of SIRS
should be viewed as a beneficial phenomenon, which helps
the host to overcome a temporary loss of homeostasis on
the whole-body level that has been inflicted by trauma, in-
fection or surgical injury (14). At the same time, this biolo-
gical response is a prerequisite for proper wound healing
and, ultimately, for complete regain or reset of the regula-
tory homeostatic mechanisms on all organ levels (17). Unre-
strained forms of SIRS, which have evaded the network of
regulatory mechanisms, develop into exaggerated clinical
presentation with deeply pronounced symptoms that have
been enumerated above. Ultimately, they can progress into
some of the life-threatening manifestations, referred to as
the multiple organ dysfunction syndrome (MODS) or the
multiple organ failure syndrome (MOEFS) (33).

Howeyver, to add more complexity to terminological per-
plexity, there is an alternative classification of the critically
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ill patients, which meticulously takes into account all slight
changes of their individual development. These changes
reflect all comorbid conditions, including the degree of
their clinical presentation with all available laboratory mar-
kers. According to this latter concept, the term of SIRS is
characterized by predominance of pro-inflammatory me-
diators, such as tumor necrosis factor-o. and/or interleukin-
1B, right in the initial stages of the critical illness. If the
treatment of these gravely affected patients has been suc-
cessfully conducted, they move on to the next category re-
ferred to as MARS. This is an intermediate state with both
pro- and anti-inflammatory mediators present in nearly
equal amounts. The last clinical presentation is classified as
the compensatory anti-inflammatory response syndrome or
CARS, with anti-inflammatory mediators clearly predomi-
nating while the overall prognosis of patients is improving
(21).

Infectious versus non-infectious origin
of complications in critically ill patients

The very reason underlying an unfavorable outcome of
critically ill patients is often beyond our understanding, de-
spite all medical and mechanical support expended to
maintain their life functions. There are cases in which con-
comitant infection can be traced as the causative factor. On
the other hand, an identical clinical presentation, namely
that closely resembling a septic shock syndrome, can be ob-
served in patients without any signs of infection. This latter
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form of SIRS, i.e. the one devoid of infection, is known as
the ,sepsis-like syndrome® (15). If mild to moderate form of
SIRS, either infectious or not, has moved on to the level of
MODS or even MOFS, the function of many organs is
heavily compromised or lost. Mortality is high even in well-
equipped and well-conducted critical care units. Therefore,
any effort aimed at minimizing or eliminating these un-
favorable conditions should be taken advantage of, both in
the operation room and in the postoperative ward. Ir-
respective of the ever-growing sum of knowledge in this
particular field of medical research, much remains to be un-
derstood concerning the natural history of SIRS and con-
sequently, much remains to be learned in order to prevent
its full-blown manifestation. Some of the recent findings
based on the inflammatory/innate immunity responses
with emphasis on the role of heat shock proteins (HSPs) 60
and 70 will be presented in the following text.

Extracorporeal blood circulation
in the development of SIRS

During cardiac operations performed with the use of
cardiopulmonary bypass (CPB), alternatively known as
~on-pump“ operations, the patient is exposed to extracor-
poreal circulation and extracorporeal oxygenation of blood.
These processes take place in extra-anatomical compart-
ments of the heart-lung machine. In this artificial environ-
ment, which is characterized by absence of the endothelial
lining, the patient’s blood is exposed to altered biophysical
forces. Their impact is translated into activation of the
plasma humoral cascade systems, i.e. [i.] the complement
system, [ii.] the kallikrein-kinin system and [iii.] the coagu-
lation system. At the same time, cellular elements within the
blood stream are activated or more properly termed, they are
primed. Priming means that they are ready to perform an ear-
ly-immediate, mostly exaggerated response any time they are
challenged by another activatory stimulus (the ,,second chal-
lenge® or the ,,two-hit“ model). After returning into the pati-
ent’s own vascular bed, blood that has been primed in the
extracorporeal circuit activates, in turn, his or her endothe-
lial lining. Leukocyte-endothelial cell interactions make up
the first step in a sequence of events that culminate in eli-
citing inflammatory reactions within the interstitial space of
many tissues, with the heart and the lungs being the first and
the most gravely affected target organs (34).

Endogenous heat shock protein 60

In parallel to activation or priming, cells of the body set
off production of the so-called ,,danger signal“ molecules.
These are endogenous immune stimulators released during
unfavorable life conditions in order to alert the immune sys-
tem to the need for initiating a defense reaction. One of the
most prominent ,danger signals® is carried by the heat
shock protein 60 (HSP60), the cipher of sixty denomi-
nating its molecular weight of 60 kDa (6). Under normal
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conditions, HSP60 is constitutively produced by all mam-
malian cells. This constitutive form of HSP60 is operative
within the cell interior where it fulfils its ,,chaperone“
functions. ,,Chaperoning” means proper folding of newly
synthesized proteins, their transport among various intra-
cellular compartments, and/or repairing intracellular pro-
teins, most of them enzymes, which have been damaged by
cellular stress. Physiological activity of HSP60 implies that
normally this protein does not leave the intracellular mi-
lieu. Consequently, HSP60 remains hidden within the cell,
out of recognition by the immune system (25). An entirely
different situation sets in whenever unfavorable conditions
strike a cell or a set of cells within any tissue. A patient un-
dergoing cardiac surgery is an example par excellence of
such a condition. His or her HSP60s are increasingly syn-
thesized by endothelial cells, which must face diverse forms
of stress, e.g. [i.] altered blood flow, [ii.] oxidative or os-
motic stress within the cell(s), [iii.] overwhelming activiti-
es of proinflammatory cytokines, or [iv.] penetration of
various micro-organisms. HSP60 molecules that have been
manufactured in excess are translocated from inside the en-
dothelial cells, in which they are present in conjunction
with the mitochondria, onto the cellular surface membrane
(24). Cells of manifold origin dying by necrotic death re-
lease their own HSP60s into the extracellular space. What-
ever the cause of HSP60 being set free, macrophages and
dendritic cells, both of them producers of large amounts of
intrinsic HSP60, take up additional HSP60 molecules that
have been expulsed from their maternal cells. Upon engulf-
ment, HSP60 molecules acquired by macrophages or den-
dritic cells contribute mightily to the activation of the
immune system (30). HSP60 has been found to act as an
innate activator of T-lymphocytes or as a mitogen of B-
lymphocytes (8), whereas the HSP60/LPS complex formed
during endotoxemia has been shown to augment the overall
activation of innate immunity cells (13). HSP60-influenced
B-lymphocytes skew the T-lymphocyte response to a ThO
type, which is characterized by the production of both in-
terferon-y and interleukin-10. By contrast, dendritic cells
that have been activated by the HSP60/LPS complex pro-
duce high amounts of IFN-y and IL-12 with low levels of IL-
10, which is a typical Thl-promoting response. All these
reactions can be observed during cardiac surgical opera-
tions. Under such conditions, severe inflammation can be
disseminated throughout the body even in the absence of
any circulating bacteria (26).

Exogenous or bacterial heat shock protein 60

Apart from endogenous HSP60, there are also exo-
genous forms of HSP60 molecules which are embedded in
outer membranes of many micro-organisms, such as Chla-
mydia pneumoniae, Helicobacter pylori, Porphyromonas
gingivalis, Borrelia burgdorferi, Legionella pneumophila, His-
toplasma capsulatum or Trypanosoma cruzi, to name only
a few. From the evolutionary point of view, members of the



HSP60 family belong to the most conserved proteins in all
living organisms, with as much as 70 % sequence homology
found between prokaryotic (microbial) and eukaryotic
(human) HSP60 (28). Microbial HSP60s represent typi-
cal ,pathogen-associated molecular pattern“ molecules
(PAMPs), i.e. molecular structures shared by different,
often unrelated microbial species. Lipopolysaccharide, the
endotoxin of Gram-negative bacteria, is another outstanding
example of a PAMP. Peptidoglycan, on the other hand, is
the most important PAMP in Gram-positive bacteria (22).
All relevant PAMPs, whose occurrence by far exceeds that
of mere heat shock proteins, lipopolysaccharide or pepti-
doglycan, are incessantly screened for by the host via a set
of cellular receptors collectively referred to as ,pattern-re-
cognition receptors® (PRRs) (12). Due to an interplay be-
tween the PAMP and PRR networks, it is not necessary for
the host to identify right from the beginning all pathogenic
micro-organisms at their respective antigenic level. Instead,
at this early stage of infection, inflammation or cellular
damage, it is both sufficient and efficient for the host’s de-
fense machinery to identify the micro-organisms (i.e., the
antigens) or altered self-structures (i.e., the neoantigens)
via the PRRs, which reliably recognize molecular patterns
common to bacteria and mammalian cells (i.e. the
PAMPs). In so doing, defense reactions can be started off
with ample advance, well before any foreign particles are
identified at their individual antigenic levels (3, 18).

Heat shock protein 60 and lipopolysaccharide
in cellular signaling

Lipopolysaccharide, the most prominent PAMP in the
context of inflammatory/innate immunity reactions, is
bound by its target cells by way of the membrane receptor
CD14. Cells of monocytic origin are the main population
that interacts with lipopolysaccharide. However, endothe-
lial cells and smooth muscle cells of the vascular wall are
also equipped with the CD14 receptor, which itself is syn-
thesized by hepatic cells during infection or major surgery,
whether cardiac or non-cardiac, as an acute phase reactant
(2). Whichever the target cell, LPS is usually attracted by
the surface membrane CD14 receptor in conjunction with
HSP60. The origin of HSP60 molecules - endogenous
(human) versus exogenous (microbial) - is of no signifi-
cance in the process of danger signaling. The CD14 recep-
tor facilitates the HSP60/LPS complex-induced activation
of the immune response both in monocytes/macrophages
and in vascular endothelial or smooth muscle cells.
However, the distribution of the CD 14 receptor is confined
to the outer surface of the plasma membrane. In this parti-
cular position, the CD14 receptor lacks an intracellular do-
main, which would be able to transmit the HSP60/LPS
complex-borne signal into the intracellular space. There-
fore, an additional receptor or a set of receptors is needed
to compensate for this drawback by penetrating the entire
width of the cellular membrane. This gap in signal trans-

mission is filled by the family of Toll-like receptors (TLRs),
which themselves are archetypical pattern-recognition re-
ceptors. Out of this receptor family, which up to now
counts at least ten members, Toll-like receptor 4 stands out
as the most important LPS-binding PRR (7). The intracel-
lular domain of TLR4 is closely reminiscent of correspon-
ding domains of receptors for interleukin (IL)-1 and IL-18.
Hence their collective denomination of TIR, which designs
»the Toll/interleukin-1 receptor” (4).

Macrophages and dendritic cells, main cellular actors in
innate immunity responses, use TLR4 signaling to transmit
the HSP60/LPS-borne signal, whereas dendritic cells them-
selves are also responsive to TLR2. B-lymphocytes, by con-
trast, respond to HSP60 via TLR4.

The HSP60/LPS complex has been found to induce ma-
turation of dendritic cells. This process is characterized by
up-regulation of costimulatory molecules:

i. CD40, a basic costimulatory molecule indispensable
for dendritic cell maturation,
ii. MHC II (major histocompatibility complex class II),
iii. B7-2, a costimulatory molecule important for Th2
responses,
iv. CD54 or ICAM-1 (intercellular adhesion molecule-1).

In responding to HSP60, B-lymphocytes up-regulate

their expression of:
v. CDA40,
vi. MHC II,
vii. B7-2,
viii. CD69, an early activation marker.

B-lymphocytes, however, do not up-regulate the expres-
sion of ICAM-1 (CD54).

All in all, the effects of the HSP60/LPS complex on
dendritic cells and the effects of HSP60 on B-lymphocytes
promote the capacity of these cells to act as antigen-pre-
senting cells (APCs). This is an outstanding example of in-
nate immunity passing over to acquired immunity responses
(27). T-lymphocytes, main cellular actors in acquired im-
munity reactions, respond to HSP60 via TLR2 with no in-
volvement of TLR4. This particular response, surprisingly
at the first glance, down-modulates T-lymphocyte-mediated
immune reactions. Net result of TLR2-mediated HSP60 in-
fluence on T-lymphocytes is an inhibition of secretion of
proinflammatory cytokines INF-y and/or TNF-0. on the
one hand, and an increase of secretion of anti-inflammato-
ry cytokines TGF-B and/or IL-10 on the other hand. The
ensuing T-lymphocyte response is then a diminution of cel-
lular chemotaxis, signaling and proliferation (35).

Intracellular processes leading to SIRS

To sum up what has been said so far, the external signal
initiated by the HSP60/LPS complex enters the intracellu-
lar space by way of the CD14/TIR receptor complex. Once
within the intracellular milieu, this signal is transmitted
further by way of even more complex enzymatic cascades,
all of which converge on the level of the transcription fac-
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tor NF-xB. In quiescent cells, inactive NF-kB components
remain dispersed separately from each other within the cy-
toplasm. After the cell has been stimulated, an active form
of this transcription factor is made by assembling all its in-
dividual components. Thereafter, the active form of NF-xB
is moved from cellular plasma to the nucleus. Here, tran-
scription of the genetic information from nuclear DNA to
messenger RNA is started off. Under the directory supervi-
sion of the transcription factor NF-xB, this process leads to
de novo synthesis of proinflammatory cytokines, chemoki-
nes, adhesion molecules and growth factors. All these newly
formed peptides participate actively in the development of
the inflammatory response, both on the local and on the
systemic levels. On the systemic level, one of the clinical
presentations resulting from the impact of the transcription
factor NF-xB on proteosynthesis may be the syndrome of
SIRS. This syndrome may be synonymous either with the
»sepsis syndrome” in cases of bacterial infection or with the
~sepsis-like syndrome* in cases of sterile inflammation. The
latter is pertinent to cardiac surgical patients, even if they
do not develop any overt peri- or post-operative complica-
tions (1).

SIRS in cardiac surgery

Viewed as basically useful, SIRS and SIRS-like reactions
have been conserved during evolution so that the host
might survive in an unfriendly environment, such as the
strenuous exercise of the ,fight or flight* nature, multiple
injuries or burns, infections or, more recently, any major
surgery. Irrespective of the underlying cause, tight control
of every step of the inflammatory processes must be exerted
both on local and on systemic levels. The control network
involves activities of the neuro-immune, the endocrine and
the circulatory systems. If the control fails, morbidity and
mortality increase dramatically. Conceivably, these defense
reactions have not developed in response to cardiac surge-
ry, and even less do they respond specifically to cardiopul-
monary bypass surgery. The final form and/or extent of
SIRS in cardiac surgical patients are fine-tuned by condi-
tions relevant to this specific procedure. These conditions
can be divided into three closely interrelated steps (23).

1. Contact activation of the blood

The patients’ blood is temporarily diverted into an ex-
tra-anatomical vascular bed, i.e. the tubing system of the
heart-lung machine. Endothelial lining is absent in this cir-
cuit and, accordingly, the latter is devoid of any trace of the
anti-adhesive, anti-inflammatory and cytoprotective cellular
layer offered by endothelial cells. Contact of blood with this
artificial material invariably results in activation or priming
of blood-borne cellular elements, notably white blood cells
and platelets, and in activation of humoral immune/in-
flammatory cascades, such as the complement system, the
kallikrein-kinin system and the coagulation system. Plasma
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bactericidal capacity increases progressively even in the
absence of any circulating bacteria due to activation of bac-
tericidal enzymes, such as myeloperoxidase, elastase and
phospholipase A2. Overwhelming production of ,proxi-
mal“ inflammatory cytokines TNF-o, IL-1B and IL-6, all of
which set in motion the inflammatory response, elicits with
a short delay in time the synthesis of a huge wave of che-
mokines, such as IL-8, MCP-1 or RANTES. Chemokines in
their turn support migration and accumulation of activated
leukocytes in inflammatory foci. At the same time, synthe-
sis of acute-phase reactants is set off with C-reactive protein
(CRP) and pentraxin-3 (PTX3) predominating. In the
setting of full-blown SIRS, both of the latter peptides lose
their original protective properties, while they gain an ove-
rall damaging capacity. Both CRP and PTX3 activate the
complement system via the alternative pathway. Ongoing
production of anaphylatoxin C5a and the terminal comple-
ment complexes C5b-9(n) contributes mightily to the da-
maging effects of cardiopulmonary bypass. Inflammatory
cytokines elicit mainly activation of the vascular endothe-
lium. Endothelial cells’ properties are converted from an
anti-adhesive and anti-inflammatory phenotype into a pro-
coagulant and pro-inflammatory one, with unrestrained ex-
pression of adhesion molecules and coagulation factors. At
the same time, synthesis of endogenous anti-inflammatory
peptides, such as IL-10 and TGF-, which in normal con-
ditions would satisfactorily counter-balance the damaging
activities of their pro-inflammatory antipodes, is substan-
tially reduced. The blood-gas interface of the artificial oxy-
genator, whose pro-inflammatory capacity is of extraordinary
magnitude, supplies yet an activatory stimulus to all blood
cellular elements and humoral cascades. The extent of their
activation is directly proportional to the duration of aortic
cross-clamping, which elicits global myocardial ischemia,
and to the extracorporeal circulation of blood. However, it
must be emphasized that the genetic background of each in-
dividual patient plays an important, if not decisive, role in
all these processes, whose impact on the outcome of SIRS
is now increasingly recognized (19).

2a. Myocardial ischemia and reperfusion:
an overflow of inflammatory mediators

Global myocardial ischemia in CPB patients is induced
by cross-clamping the ascending aorta. After the surgical
procedure on the arrested heart has been terminated, aortic
cross-clamp is released and reperfusion of the myocardium
sets in. Reoxygenation of any ischemic tissue unchains
a complex array of inflammatory events. Some of the pro-
inflammatory signaling cascades have been set in motion
during the period of oxygen deprivation by way of tran-
scription factors HIF-1 o (hypoxia-inducible factor) and
Egr-1 (early growth response). With reintroduction of oxy-
gen-rich blood, the heart is overflowed by inflammatory cy-
tokines, mainly IL-6 and TNF-o. Interleukin-6 is a typical
product of ischemic myocardial tissue. These ,,proximal“



cytokines induce up-regulation of endothelial adhesion mo-
lecules, such as ICAM-1 (intercellular adhesion molecule),
VCAM-1 (vascular cell adhesion molecule) and/or E-selec-
tin. Their emergence on the endothelial surface sets the
stage for leukocyte-endothelial interactions, which are
closely followed by transmigration of activated neutrophils
and monocytes into the interstitial space of the reperfused
tissue. This is true not only for the heart but also for the
Iungs, whose perfusion during extracorporeal circulation of
blood has been interrupted, with only bronchiolar arterio-
les remaining perfused. The latter, however, belong to the
systemic circulation. As such, they do not participate in
blood gas exchange. The interstitial space of reperfused or-
gans is reminiscent of a battle-field, in which activated neu-
trophils attack virtually any live cell within their reach. It is
of no importance whether the targets are the host’s own
cells that have been so far happy to survive the period of
oxygen deprivation, or whether they are pathogenic micro-
organisms that must be disposed of as soon as possible. The
cytotoxic armamentarium of activated neutrophils is gua-
ranteed by reactive oxygen species (ROS), formerly known
as oxygen free radicals. Among them, the superoxide radi-
cal O, is a relatively moderate weapon, whereas the hydro-
xyl radical *OH, by contrast, is an extremely aggressive
oxidant. During myocardial reperfusion, ROS generated by
activated neutrophils attack cardiac muscle cells which are
prone to die by necrotic or apoptotic death. Cardiac muscle
cells that have resisted free radical attack have been suc-
cessful only at the cost of limiting their metabolic activities
and biomechanical performance next to zero. Thus, many
muscle cells in the reperfused/reoxygenated myocardium of
cardiac surgical patients are by now stunned or even dead (5).

The extent of damage inflicted by leukocyte-derived
ROS depends to a great extent upon the quality of myocar-
dial protection achieved during perioperative cardiac arrest
and continuing thereafter. This protection may rely upon
endogenous protective mechanisms within the heart itself,
which help cardiac cells to put up with the sequelae of the
»double-edged sword“ of myocardial reperfusion. Apart
from anti-oxidant enzymes, which will not be discussed in
this text, there is an important, albeit not yet entirely un-
derstood, protective role played by the heat shock proteins,
notably HSP70.

2b. Genesis and presumed activities of HSP70
in the reperfused heart

HSP70 is expressed in many organs, including the heart.
To make the HSP70 issue yet more complex, it should be
pointed out that the rough denomination of ,HSP70“ in-
cludes at least three members of this protein family, namely:
1. the constitutive form of HSP73, alternatively known as
HSC70,
2. the stress-inducible form of HSP70, also referred to as
HSP72, which will be the leading topic of the following
text.

3. Recently, an additional HSP70-like protein 1 (HSP70L1)
has been discovered. It is a dendritic cell-derived protein,
which skews immune responses in favor of the Th1 path-
way. Its molecular weight of 54.8 kDa being somewhat
smaller than that of classical HSP70 molecules, this pro-
tein all the same resembles other members of this fami-
ly both structurally and functionally.

Evidence is accumulating that HSP70 might play an im-
portant role in the protective mechanisms which seek to
conserve both cardiac function and cellular metabolism in
the setting of ischemia/reperfusion or hypoxia/reoxygena-
tion-induced injury (31). Under conditions of cellular stress,
HSP70 is translocated from the cytosol to the nucleus,
where it interacts with the chromatin-binding enzyme known
as the poly(ADP-ribose) polymerase. This is a sensor en-
zyme which is converted to its active form in the process of
recognizing nuclear DNA single-strand breaks and, at the
same time, it participates in the repair of damaged DNA.
However, as is often the case in biological systems, this
same enzyme is also suspected to play an active role in the
process of reperfusion injury. Whenever cellular oxygen is
replenished, activation of poly(ADP-ribose) polymerase
can exceed actual metabolic demands. Its exaggerated acti-
vation in the reperfused and reoxygenated heart will con-
sume large amounts of the cellular content of ATP and
NAD*. The result will be energy starvation, which would
mostly strike cells that have just survived the stress of oxy-
gen deprivation. Accordingly, poly(ADP-ribose) polymera-
se inhibitors might repair damage inflicted to the hearts in
vivo, with rapid postischemic recovery of cardiac function.
It has been shown that an untoward increase in the poly
(ADP-ribose) polymerase activity in hypoxic/reoxygenated
myocardial cells can be diminished by heat shock treat-
ment, which results in HSP production. Maximal attenua-
tion of this potentially deleterious enzyme is achieved after
12 hours of heat exposure. Among various heat shock pro-
teins that are thus generated, HSP70 is the most important
one as far as cardiac protection is concerned. HSP70 can
efficiently attenuate unfavorable poly(ADP-ribose) polyme-
rase activation.(16).

An alternative cytoprotective and prosurvival capacity of
HSP70 under stress conditions might reside in its capacity to
inhibit lysosomal membrane permeabilization. Originally,
lysosomes were considered ,,suicide bags“ that caused auto-
lysis in the process of tissue damage through the release of
unspecific enzymes during uncontrolled or poorly controlled
inflammatory/innate immunity reactions. Accumulating
data show that lysosomes also function as death signal inte-
grators in many well-controlled death processes. Cytotoxic ly-
sosomal proteases and cathepsins leave the lysosomal lumen
into the cytosol in response to a variety of cellular death
stimuli, such as TNF-o, Fas, p53 activation and/or oxidative
stress. Once released to the cytosol, cathepsins - especially
cysteine cathepsins B and L and aspartyl cathepsin D - may
trigger cellular death featuring apoptosis- or necrosis-like
morphology. By stabilizing lysosomal membranes, HSP70
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can effectively rescue cells form apoptotic or necrotic death
induced by proinflammatory cytokines, notably TNF-o., or
oxidative stress, both of them active contributors to myocar-
dial ischemia-reperfusion injury. The almost universal pro-
survival capacity of HSP70 has also got its less friendly face
- ,the hidden side of the moon” - which is exhibited by
many tumor cells. The latter can thus escape a timely and
definitive removal from the maternal tissue. Tumor growth
may thus go on in an unrestricted manner (20).

2c. HSP70 and its activities in cardiac surgery

Whenever myocardial damage exceeds the intrinsic cy-
toprotective capacity of HSP70, HSP70 protein is released
from the intracellular compartment to the extracellular
space. This is also the case in patients with acute myocardial
infarction (9). Just the same as HSP60, the former protein
comes now into contact with the immune system, from
whose screening activities it is normally hidden. HSP70 acti-
vates immune cells by way of the CD 14 membrane receptor,
TLR-2 and/or TLR-4, and its signal is transmitted to the cel-
lular interior through the MyD88-IRAK-NF-xB cascade. In
the end, translocation of the transcription factor NF-xB from
cellular plasma to the nucleus occurs (32). After cardiac sur-
gery, extracellular HSP70 is regularly detected. This means
that some, albeit negligible cardiomyocyte death must have
occurred despite all precautions taken. Peak HSP70 levels
are attained as soon as two hours after the beginning of sur-
gery. They correlate closely with the time of aortic cross-
clamping and the duration of extracorporeal circulation. As
has been shown by Brit Dybdahl and coworkers, patients
operated on without the use of CPB, i.e. ,off-pump*“ patients,
release as little as one fourth of the HSP70 content found in
~on-pump” patients. It should be underscored that both
groups of patients release extracellular HSP70 even during
wholly uncomplicated peri- and post-operative course. The
main difference between the groups is the magnitude of the
released protein. Free HSP70 levels correlate tightly both
with troponin T and creatine kinase MB isoenzyme levels if
some damage to the heart has been inflicted. There is also
a strong correlation between HSP70 and IL-10 levels, which
is, however, pronounced only in ,on-pump“ patients, with
their ,,off-pump*“ counterparts releasing practically no extra-
cellular IL-10. There is also an important correlation betwe-
en HSP70 and IL-6 levels, this particular one irrespective of
the type of operation (10). The extent of IL-6 levels has been
found to be related predominantly to the extent of surgical
trauma. On the other hand, IL-6 has been proved to be pro-
duced directly within the ischemic heart in cardiac surgical
and myocardial infarction patients.

From what has been said so far, it can be inferred that
CPB may have some negative impact of its own on the
heart. The target cells of extracellular HSP70 are predomi-
nantly monocytes, which are activated via the CD14-TLR4
pathway (29). Net result of these interactions is a support
to inflammatory responses, even in strictly sterile condi-
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tions. In order for the host to counteract inappropriate in-
flammation, its principal mediators, i.e. the CD14 receptor
protein on the monocyte membrane including both the
TLR-2 and the TLR-4 receptors, are down-regulated after
surgery. Later on, in the following 24-48 hours, the same
proteins are either returning to normal or even up-regula-
ted, which implies monocyte activation in this time frame
after surgery. This is also in keeping with our own results,
(manuscript in preparation).

3. Transient endotoxemia due to splanchnic
hypoperfusion

Transient endotoxemia is the result of insufficient blood
supply to the splanchnic vascular bed after a substantial
amount of blood volume has been excluded from the pa-
tient’s own vasculature into the tubing circuit of the heart-
lung machine. Relative hypoperfusion of the splanchnic
vascular bed elicits gut wall ischemia, with subsequent in-
crease of villous capillary permeability and translocation of
lipopolysaccharide, i.e. the endotoxin of Gram-negative
bacteria, or even the patient’s own intestinal flora into the
systemic circulation. Scavenging capacity of the hepatic re-
ticuloendothelial system, namely the Kupffer cells, which
normally set up a reliable barrier against bacterial transition
from the portal vein into systemic circulation, is rapidly
overcome. Splanchnic hypoperfusion cannot be completely
prevented even by ample substitution of blood volume
using blood transfusions, much less so by way of crystalloid
and/or colloid fluid resuscitation. One reason for this failure
can be set down to the steady laminar blood flow generated
by the roller pumps of the heart-lung machine instead of the
pulsatile blood flow generated with each contraction of
the patient’s own heart. According to the latest knowledge,
LPS can be detected even in the blood stream of otherwise
healthy individuals; furthermore, its concentrations can be
measured with ultra-sensitive laboratory methods. Ischemic
increase of gut permeability only accentuates this pheno-
menon. LPS concentrations in peripheral blood can in-
crease in such a measure which allows concomitant entry
of loose extracellular HSP60 in the absence of any bacterial
infection. One intriguing question is whether the patient’s
own commensal flora, which undoubtedly can supply large
amounts of HSP60, should be regarded as undergoing tem-
porary conversion from symbiosis to infection. Whichever
is the case, it seems plausible to hypothesize that in cardiac
surgical patients, whether or not surgery has been performed
with the use of CPB, the ability of endogenous HSP60 to
bind circulating LPS and to present the HSP60/LPS com-
plexes to the CD14/TLR2/TLR4 signal transmission sys-
tem is enhanced in such an extent that starts off one of the
first steps in the development of postoperative SIRS. Addi-
tional conditions, the list of which is beyond the scope of
this article, thereafter make the difference between clinical-
ly silent and clinically manifest SIRS. The latter is endowed
with the capacity to progress to its life-threatening forms (11).



Conclusion

Inflammatory/innate immunity reactions elicited by
cardiac surgery and, in a broader sense, by any disruption
of bodily integrity, serve the host to overcome these un-
favorable conditions and to return to his or her previous
well-being. If the inflicted damage cannot be resolved with-
out functional or morphological sequelae, the inflammato-
ry reactions try to minimize any resulting deficit. It is one
of the paramount biological paradoxes that the same in-
flammatory/innate immunity reactions themselves can sub-
stantially deepen nearly all initial damage. Heat shock
proteins have been recently recognized to form an integral
part of these defense reactions. Their uniqueness is under-
scored by the fact that HSPs play comparable if not super-
imposed roles both in sterile inflammation, such as that
seen in surgical patients, and in septic inflammation, either
in primary infection or in infectious complications of origi-
nally aseptic processes.
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