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1. Introduction

Patients with chronic kidney disease and patients on renal replacement therapy, such as
hemodialysis and peritoneal dialysis, have an increased susceptibility to infectious diseases
compared with healthy subjects (Sarnak & Jaber 2000; Allon et al. 2003). Infection is also the
second most common cause of morbidity and mortality in patients with end-stage renal
disease (Bloembergen & Port 1996; Powe et al. 1999; Graff et al. 2002).

One contributing factor could be the chronic inflammatory activation seen in patients with
chronic kidney disease and patients on dialysis, which causes a refractoriness of leukocytes
when confronted with invading microorganisms.

1.1 The innate and adaptive immune responses

The immune system is designed to defend us from invading microorganisms, such as
viruses and bacteria. The first response is called the innate immune response, mostly
dependent on recruitment and activation of neutrophils (Parkin & Cohen 2001).
Complement activation occurs on the bacterial cell surface, triggering a cascade of
proteolytic reactions that are specific in so far as they act on microbial surfaces but not on
host cells. Neutrophils have receptors both for common bacterial constituents and for
complement. Neutrophils become activated through complement (C3b and C5a) but can
also get activated directly by bacterial peptides, such as lipopolysaccharide, lipotechoic acid,
mannans and fMLP (N-formylmethionyl leucyl phenylalanine) (Parkin & Cohen 2001).
Activation of neutrophils occurs in several steps, comprising both priming and further
activation, and is necessary for neutrophils to perform their specific actions at the
inflammatory sites: phagocytosis and release of inflammatory mediators (Swain et al. 2002).
Neutrophils are effector cells of great importance in the innate immune system. An impaired
neutrophil function leads to several dysfunctions in the defense against invading
microorganisms. Neutrophils have previously been regarded as wholly differentiated and
static cells whose function is based on preformed receptors and soluble factors, and solely
part of the innate immune system. This idea has been challenged by publications that show
a high gene transcriptional activity following both activation and extravasation (Theilgaard-
Monch et al. 2006). The transcriptional activation occurs at the inflammatory site and
engages genes involved in multiple neutrophil functions, such as production of reactive
oxygen species, hydrogen peroxide, cytokines and chemokines (Theilgaard-Monch et al.
2004; Coldren et al. 2006). Neutrophils direct both innate and adaptive immune responses,
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by interacting with immune modulating cells (Cohen et al. 2001; Yamashiro et al. 2001;
Cohen et al. 2003; Theilgaard-Monch et al. 2004). Neutrophil cytokine and chemokine
production can be an important link between the innate and the adaptive immune
responses. Cytokine-activated neutrophils produce and release multiple proinflammatory
cytokines and chemokines, including IL-1, IL-8, monocyte chemotactic protein-1 (MCP-
1/CCL2) and macrophage inflammatory protein-la and 1p (MIP-1a/MIP-1p). MCP-1 and
MIP-1a act as chemotactic and activating signals for mononuclear cells, especially
monocytes, and for mobilization of other cell surface molecules involved in the adaptive
immune response (Yamashiro et al. 2001; Kobayashi 2008).

Chemokines attract neutrophils and monocytes from the circulation to the
inflammatory/infectious site by first making the endothelium more adhesive to the
circulating cells and then through a chemokine gradient through the tissue leading the way
to the site of inflammation (Janeway & Travers 2005). Circulating monocytes that
extravasate and get activated rapidly develop into mature macrophages with the principal
function of phagocyting microorganisms (Janeway & Travers 2005).

1.2 Adhesion molecules

The recruitment and accumulation of monocytes and neutrophils at inflammatory sites is an
essential step in the defense against invading microorganisms. The process of extravasation,
when leukocytes slip through the endothelial cells and basement membrane into the
underlying interstitium and further to the inflammatory site requires the expression of
adhesion molecules on the endothelium. This serves to initiate leukocyte adherence by
interaction between adhesion molecules on leukocytes and vascular endothelial cells
(Johnson-Leger et al. 2000; van Buul & Hordijk 2004). The main families of adhesion
molecules are the intercellular adhesion molecules (ICAMs); integrins, selectins and
cadherins (calcium-dependent adherins) (Parkin & Cohen 2001).

The selectins, P-selectin (PADGEM, CD62P) and E-selectin (ELAM-1, CD62E), are
membrane glycoproteins with a lectin-like domain that binds transiently to oligosaccharide
molecules on passing leukocytes after cytokine-mediated activation of the endothelial cells.
CD62L is present on circulating leukocytes (Janeway & Travers 2005). Selectin binding leads
to tethering, which allows leukocytes to search the endothelium for the presence of
activating factors. In a second step, leukocytes bind firmly to the endothelium, followed by
the process of diapedesis (Albelda et al. 1994). The tighter adhesion is mediated by (-
integrins CD11a/CD18 (LFA-1) and CD11b (Mac-1 or CR3) expressed on leukocytes after a
chemokine-mediated conformational change in the integrins. Pr-integrins bind to
intercellular adhesion molecules (ICAM-2 on resting endothelium and ICAM-1 on activated
endothelium) (Adams & Shaw 1994; Gonzalez-Amaro & Sanchez-Madrid 1999; Janeway &
Travers 2005). The Pi- integrin very late antigen-4 (VLA-4) is present principally on
mononuclear cells, mediating monocyte transmigration by binding to vascular adhesion
molecules (VCAM-1) on activated endothelial cells (Chuluyan & Issekutz 1993).

1.3 Leukocyte adhesion and extravasation

Leukocyte adhesion is made possible by the action of chemokines: small, structurally related
molecules that interact with G-protein-coupled receptors. They perform activation of
integrins in order to confer tight adhesion between leukocytes and endothelial cells, and
promote the migration of adherent leukocytes across the endothelium and through the
extracellular matrix (Adams & Shaw 1994). Chemokines are small molecules, divided into
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Fig. 1. Leukocyte adhesion to the endothelium, subsequent extravasation and
transmigration through a chemotactic gradient in the interstitium towards a site of
inflammation.
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Fig. 2. Neutrophil adhesion, extravasation and transmigration.
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CXC (a-chemokines) and CC (pB-chemokines) depending on the positions of two cysteine
residues (C) relative to other amino acids (X) (Charo & Ransohoff 2006). Chemokines are
produced by inflammatory cells after stimulation with proinflammatory cytokines or
bacterial products, and there are both soluble and membrane-bound chemokines, with
various functions (Parkin & Cohen 2001). Some of the chemokines and cytokines analyzed
in our study, and their respective functions, are listed in Table 1 and Table 2.

Leukocyte binding to endothelial cells induces production of signaling molecules in the
endothelial cells and activation of NADPH oxidase in leukocytes. NADPH oxidase
promotes production of reactive oxygen species that break down the barrier to leukocyte
passage between the endothelial cells and through the basement membrane (van Buul &
Hordijk 2004). PECAM-1 plays an important role in transendothelial migration of
leukocytes, by inducing phosphorylation of tyrosine in junctional proteins which leads to
loss of cell-cell adhesion (van Buul & Hordijk 2004).

When neutrophils extravasate, they produce enzymes (i.e. elastase and other proteases such
as matrix metalloproteinase-9, MMP-9) that break down extracellular matrix proteins and in
this way promote leukocyte migration through the interstitium (Hermant et al. 2003).

The final step of the transmigration is the chemokine concentration gradient, which guides
leukocytes through the interstitium and towards the inflammatory site. CXCL8 (IL-8) and
CCL2 (MCP-1) act as chemotactic factors for neutrophils and monocytes, respectively. They
bind to proteoglycans in the extracellular matrix and to similar molecules on the leukocytes
(Janeway & Travers 2005).

Neutrophils and monocytes in blood normally express a low amount of CD11b on their
surface. Following chemokine-mediated activation of the cells, CD11b is mobilized on the
cell surface and the molecules are activated in order to display their functions (Adams &
Shaw 1994; Albelda et al. 1994; Adams & Lloyd 1997; Gonzalez-Amaro & Sanchez-Madrid
1999). Mobilization of CD11b is important in the process of leukocyte transmigration,
phagocytosis and complement activation as a response to inflammation/infection (Bainton
et al. 1987; Borregaard et al. 1987; Miller et al. 1987).

1.4 Respiratory burst

The enzyme complex NADPH oxidase promotes the generation of reactive oxygen species
(e.g. superoxide anions) in leukocytes, in a process referred to as the respiratory burst.
Respiratory burst is a central mechanism for the leukocyte function of phagocytosis and
elimination of invading microorganisms (Babior 1999). Superoxide anions are converted to
hydrogen peroxide in the phagolysosome by the action of superoxide dismutase. In the
absence of superoxide dismutase, superoxide anions can form the highly aggressive
oxidative substance peroxynitrite (by reacting with nitric oxide) and hydroxyl radicals
(Dahlgren & Karlsson 1999; Johnson & Giulivi 2005).

1.5 Apoptosis

In early apoptosis, there is a reconformation of the cell membrane, with phosphatidyl serine
(PS) translocated from the inner surface to the outer leaflet of the cell membrane.
Fluorescein-conjugated Annexin V binds to PS with high affinity and identifies early
apoptotic cells. Propidium iodide enters through damaged cell membranes after loss of
membrane integrity and stains DNA, identifying late stages of apoptosis and secondary
necrotic cells. PS is identified by phagocytes in the extracellular milieu in order to remove
the dying cells by phagocytosis.

www.intechopen.com



Leukocyte Function in High-Flux Hemodialysis

179

protein-la)

MMP-9/NGAL
(matrix
metalloproteinase-9
in complex with
neutrophil
gelatinase-
associated
lipocalin)

the recruitment of
inflammatory cells.
Chemotactic factor for both
monocytes and neutrophils.
Activates macrophages by
up-regulation of
CD11b/CD18.

MMP-9 and proteolytic
enzymes degrade the
extracellular matrix and
promote leukocyte
transmigration. Marker of
neutrophil activation and
release of reactive oxygen
species. Regulates
chemokine activity by
cleaving of chemokines and
cytokines.

Chemokines Receptor Functions References
IL-8 (interleukin-8) | CXCL8 IL-8 Induces neutrophil (Zeilhofer & Schorr
receptora  CD11b/CD18 up- 2000; Drost &
and B regulation, transmigration =~ MacNee 2002;

and activation. Stimulates =~ Adams & Lloyd

the release of MMP- 1997)

9/NGAL. Binding to the

receptor causes a

reconformation of integrins,

which allows neutrophils to

bind to the endothelial

cells.
MCP-1 (monocyte | CCL2 CCR2 Chemotactic factor and (Adams & Lloyd
chemotactic activator of monocytes and  1997; Jiang et al.
protein-1) macrophages. Produced by  1992; Jiang et al.

many different 1994; Tkeda et al.

inflammatory cells. Induces 2002; de Lemos et

up-regulation of al. 2003; Pawlak et

CD11b/CD18 and al. 2004)

facilitates monocyte

adhesion to endothelial

cells. Associated with

chronic and acute

inflammation, as well as

with the acute coronary

syndrome.
MIP-1a CCL3 CCRl1and Released from monocytes  (Rezzonico et al.
(macrophage CCR5 after trigging of 2001; Adams &
inflammatory CD11b/CD18. Promotes Lloyd 1997; Ramos

et al. 2005; Weber
et al. 2000)

(Yan et al. 2001;
Alberts et al. 2002;
Brogden &
Guthmiller 2002;
Van Den Steen et
al. 2003)

Table 1. Chemokines analyzed in our study and their respective functions.
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Cytokines Functions References
TNF-a (tumor Produced by macrophages (Idriss & Naismith
necrosis factor-a) and monocytes in acute and ~ 2000; Janeway &

chronic inflammation. Pro- Travers 2005)

apoptotic. Up-regulates
adhesion molecules on
endothelial cells. Chemotactic
factor for monocytes and
primes cells for phagocytosis.
Increases vascular
permeability and
vasodilatation, promotes
intravascular coagulation,
and causes the septic
syndrome and failure of vital

organs.
IL-6 Inflammatory marker, (Adams & Lloyd
important role in acute 1997; Pupim et al.

inflammation and production 2004; Pecoits-Filho et
of acute phase proteins from  al. 2002; Panichi et
the liver. al. 2004)

Table 2. Cytokines analyzed in our study and their respective functions.

1.6 Leukocyte dysfunction in chronic kidney disease

There is a complex state of leukocyte dysfunction in chronic kidney disease patients. The most
important contributing factors are metabolic and functional abnormalities of leukocytes
caused by the accumulation of uremic toxins that inhibit leukocyte function. In patients on
dialysis, another factor influencing leukocyte function is bioincompatibility of the dialysis
procedure resulting in a dysfunctional inflammatory activation (Lundberg et al. 1994;
Vanholder et al. 1996; Cohen et al. 2001; Horl 2001; Cohen et al. 2003; Cheung et al. 2008).

In chronic kidney disease, there is an altered leukocyte adherence to endothelial cells,
decreased activation of inflammatory cells, impaired phagocytosis and chemotaxis and an
altered generation of reactive oxygen species and hydrogen peroxide (Gibbons et al. 1990;
Haag-Weber & Horl 1996b; Horl 2001). Chemokine and cytokine dysregulation in chronic
kidney disease gives rise to a dysfunctional activation of the immune system (Descamps-
Latscha 1993; Malaponte et al. 2007; Carrero et al. 2008).

The comorbidity of the patient, such as a state of malnutrition and other chronic diseases,
also plays an important role in this non-physiological inflammatory activity (Cohen et al.
1997; Stenvinkel et al. 2000; Pecoits-Filho et al. 2002). A study from our group has
demonstrated that neutrophils and monocytes from patients with advanced chronic kidney
disease have an impaired expression of CD11lb in the interstitium compared with the
corresponding cells from healthy subjects (Dadfar et al. 2004b, 2004a). The same result has
been demonstrated for patients on peritoneal dialysis (Dadfar et al. 2004c).

1.6.1 Uremic toxins with effects on leukocytes
There are several uremic toxins that inhibit neutrophil functions, e.g. guanidino compounds,
granulocyte inhibitory protein I and II, degranulation inhibitory protein I and II (identified
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as angiogenin and complement factor D), x- and A-light chains and chemotaxis inhibitory
protein (Vanholder et al. 1994b; Haag-Weber & Horl 1996a; Kaysen 2001; Horl 2002; Kaysen
& Kumar 2003; Cohen & Horl 2009b, 2009a).

1.6.2 Patients on hemodialysis

Historically, dialysis has contributed to saving many lives over the years. Without dialysis, a
uremic patient unavoidably goes towards death. However, the life quality of patients on
dialysis still has to be improved to develop an optimal treatment. In spite of the process in
the last years to strive towards more biocompatible materials and methods, including high-
flux dialysis treatment, patients on hemodialysis still display a high morbidity and mortality
in infections (Bloembergen & Port 1996; Powe et al. 1999; Graff et al. 2002). Neutrophil
dysfunction in dialysis patients is manifested by reduced chemotaxis, adherence, respiratory
burst and glucose consumption in response to an inflammatory stimulus (Vanholder et al.
1993b; Vanholder et al. 1993a).

The dysfunctional state of inflammatory activation seen in dialysis patients could be caused
by several different factors (Cheung et al. 1989; Haag-Weber et al. 1991; Descamps-Latscha
1993; Schindler et al. 2001; Carracedo et al. 2002; Horl 2002; Raj et al. 2002; Kosch et al. 2003;
Koller et al. 2004). Fragments of bacterial products can be present in small amounts in the
dialysate and enter the circulation by diffusion through the dialysis membrane (Horl 2002).
These bacterial fragments activate proinflammatory cytokines such as IL-6, TNF-a and IL-1.
There is also direct activation of complement factors and of leukocytes by contact with the
dialysis membrane. Another aspect is the removal of cytokines and other inflammatory
markers (lipopolysaccharide fragments, granulocyte inhibitory proteins 1 and 2, IL-1, TNF-
a) and complement factors (C3a, Cba) by the hemodialysis procedure as well as the
adsorption of substances to the hydrophobic high-flux membrane (e.g. factor D) (Clark et al.
1999; Schindler et al. 2006). Dialysis can reduce leukocyte-endothelial interactions and
impair transmigration (Thylen et al. 1997). In patients on hemodialysis with cuprophane or
polysulfone membranes, a significantly higher serum level of MCP-1 is seen compared with
healthy subjects both before and after the hemodialysis session, independent of the
membrane used (Jacobson et al. 2000; Thylen et al. 2000).

Biocompatibility of dialysis membranes probably plays an important role in determining
leukocyte function in patients on hemodialysis (Himmelfarb et al. 1991, Himmelfarb et al.
1993; Hernandez et al. 2004; Schindler et al. 2006). High serum levels of cytokines and
chemokines have been observed in patients on hemodialysis with modified cellulose
membranes (Descamps-Latscha 1993; Pawlak et al. 2004; Muniz-Junqueira et al. 2005). High-
flux hemodialysis causes lower levels of IL-6 and IL-1p than low-flux hemodialysis or
dialysis with cuprophane membranes (Schindler et al. 2006). Our group has previously
demonstrated that neutrophils and monocytes recruited to an induced interstitial
inflammatory site in patients treated with low-flux bioincompatible hemodialysis have an
impaired capacity of mobilizing CD11b in response to the induced inflammation, compared
with the corresponding cells from healthy subjects (Thylen et al. 2000; Jacobson et al. 2002).
Chronic kidney disease is a state that induces apoptosis, but this is normalized with
continuous and high-flux hemodialysis modalities (D'Intini et al. 2004; Bordoni et al. 2006).
This is in accordance with studies showing that dialysis membrane characteristics affect
leukocyte cell apoptosis (Martin-Malo et al. 2000; Sela et al. 2005; Sardenberg et al. 2006). The
degree of spontaneous apoptosis of leukocytes is higher when bioincompatible membranes
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are used for hemodialysis, than when biocompatible membranes are used (Martin-Malo et
al. 2000). This higher apoptotic activity in leukocytes is probably due to an antibody-
dependent activation of the complement system caused by the material or structure of the
dialysis filters. It has been shown that heat-inactivation of complement components results
in significantly lower apoptosis rates and that bioincompatible membranes cause a higher
degree of apoptosis than biocompatible membranes (Koller et al. 2004).

The dialysis membrane permeability and flux are also of importance in determining the
acute and chronic effects of hemodialysis on the inflammatory system. High-flux
polysulfone dialysis, as opposed to low-flux polysulfone and cuprophane treatment, has
been shown to improve the transmigration of circulating neutrophils (Moshfegh et al. 2002).
High-flux dialysis membranes decrease the levels of the two degranulation inhibitory
proteins (angiogenin and complement factor D), which could contribute to the maintained
respiratory burst and phagocytic capacity seen in patients on high-flux hemodialysis (Horl
2002). There are several molecules, mainly middle-sized molecules, that are cleared to a
greater extent by convective therapies, such as hemofiltration or hemodiafiltration (Clark et
al. 1999). Postdilution hemofiltration was the first convective therapy used, and this method
provides a high clearance of middle- and large-sized molecules but a lower clearance of
small molecules. Through predilution hemofiltration, with on-line ultrafiltration, the
clearance of small molecules increased substantially. In hemodiafiltration, convection is
combined with diffusion, and with this mechanism the clearance of small-, middle- and
large-sized molecules can be achieved to more or less the same extent (Ledebo 1998).

A number of previous studies have suggested that the type of dialysis membrane (low-flux
or high-flux) is associated with differences in long-term outcome of patients undergoing
hemodialysis, both in terms of morbidity and mortality (Hornberger et al. 1992; Woods &
Nandakumar 2000; Cheung et al. 2003; Locatelli 2003; Chauveau et al. 2005; Canaud et al.
2006). However, the results have been conflictive regarding different outcomes.

The HEMO study, which was the first large randomized clinical trial on patient outcome
depending on membrane permeability, failed to show any difference in all-cause mortality
between high-flux and low-flux hemodialysis, except in some subgroups of patients
(Eknoyan et al. 2002; Cheung et al. 2003; Rocco et al. 2005). Some criticism regarding the
generalizability of the results from the HEMO study has been raised (Locatelli 2003).
Important results from the HEMO study indicate that middle-sized molecules, e.g.
parathyreoid hormone, [3>-microglobulin, advanced glycosylation end products, granulocyte
inhibitory proteins, advanced lipoxidation end products, advanced oxidation protein
products and leptin (Horl 2002) are associated with systemic toxicity and that their
accumulation predisposes dialysis patients to severe infections. An increased clearance of
these molecules, e.g. f2-microglobulin, by high-flux hemodialysis is associated with a lower
mortality by infectious disease (Cheung et al. 2008). An increased removal of middle-sized
molecules could also have positive effects of the cardiovascular system (Vanholder et al.
2001; Vanholder et al. 2008).

In a Cochrane database review by Rabindranath et al. in 2006, the authors were unable to
demonstrate a significant advantage with convective therapies over low-flux hemodialysis
with regard to clinical outcomes such as mortality, dialysis-related hypotension and
hospitalization (Rabindranath et al. 2006).

The DOPPS study (Dialysis Outcomes and Practice Patterns Study) revealed that patients on
high-flux hemodiafiltration had a 35 % lower mortality rate than patients on low-flux
hemodialysis (Canaud et al. 2006; Canaud et al. 2008).
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The MPO-study (Membrane Permeability Outcome) was a European randomized clinical
trial on the effect of high-flux treatment in a large hemodialysis population. It was a
prospective study which analyzed the long-term effects of membrane permeability on
clinical outcomes such as mortality, morbidity, vascular access survival and nutritional
status. The authors of the MPO-study did not find any significant survival benefit overall by
high-flux hemodialysis versus low-flux hemodialysis. However, for some dialysis
populations with low serum albumin and for patients with diabetes mellitus, a significantly
lower mortality rate was observed using high-flux hemodialysis as compared with low-flux
hemodialysis (Locatelli et al. 2009).

2. Leukocyte functional studies in patients on high-flux biocompatible
hemodialysis

Our research group has described functions of in wvivo extravasated monocytes and
neutrophils from patients on high-flux hemodialysis/hemodiafiltration and healthy subjects
(Olsson et al. 2007). The objective was to study leukocyte function and specifically, to study
the up-regulation of CD11b, production of hydrogen peroxide and apoptosis of in vivo
extravasated monocytes and neutrophils at the site of an induced interstitial inflammation in
patients on high-flux hemodialysis/hemodiafiltration, compared with healthy subjects. Our
group has also described the concentrations of important inflammatory mediators for
neutrophils (IL-8 and MMP-9/NGAL) and monocytes (MCP-1 and MIP-1a) in the
peripheral circulation and at sites of interstitial inflammation in patients on high-flux
hemodialysis/hemodiafiltration, compared with healthy subjects (Olsson et al. 2009).

2.1 Methods for leukocyte functional studies

The method used was the skin chamber technique, which is well documented and has been
used by a number of investigators to study transmigration and recruitment of leukocytes at
the inflammatory site (Scheja & Forsgren 1985; Follin 1999; Thylen et al. 2000; Jacobson et al.
2002; Theilgaard-Monch et al. 2004; Dadfar et al. 2007; Paulsson et al. 2007). With the skin
chamber technique, we measured leukocyte functions at time 0 (before the high-flux
hemodialysis/hemodiafiltration session) and after 10 hours (within which time the high-
flux hemodialysis/hemodiafiltration treatment was performed). The terms intermediate and
intense inflammation were used to designate the blister stimulated with buffer and with
autologous serum, respectively.

Leukocytes were measured with flow cytometry or FACS (fluorescence-activated cell
sorting) a method in which cells are scanned by a laser and recognized as different cell
populations through their light-scattering properties. Different leukocyte populations
(lymphocytes, monocytes and neutrophils) can thus be counted and expressed as a
percentage of the total leukocyte population. Mean fluorescence intensity (MFI) values for
the different analyses of cell functions (CD11b expression, hydrogen peroxide formation and
apoptosis) can also be measured and quantified.

The CD11b expression on leukocytes, both unstimulated and after stimulation with fMLP,
was studied through immunostaining. Analysis of leukocyte hydrogen peroxide formation,
after stimulation with fMLP or PMA, was performed using the 2’, 7’-dichlorofluorescein
diacetate (DCFH-DA) method. We also stained leukocytes with Annexin V and propidium
iodide (PI) to identify cells that were in an early or late apoptotic state.

www.intechopen.com



184 Progress in Hemodialysis — From Emergent Biotechnology to Clinical Practice

Chemokines in skin blister fluids and serum from the peripheral circulation were analyzed
with commercially available immunoassays (Quantikine®, R&D Systems Inc. Minneapolis,
MN, USA). All immunoassays were used in accordance with the manufacturer’s
instructions. For further details, please review publications (Olsson et al. 2007 & Olsson et al.
2009).

2.2 Results

2.21CD11b

There was a similar expression of CD11b on monocytes and neutrophils in patients on high-
flux hemodialysis/hemodiafiltration and healthy subjects, both in the peripheral circulation
and at the three sites of interstitial inflammation. In vitro activation with fMLP induced a
significant increase in the expression of CD11b on monocytes and neutrophils in the
peripheral circulation and at the sites of interstitial inflammation, both in patients on high-
flux hemodialysis/hemodiafiltration and healthy subjects.

The preserved capacity of both monocytes and neutrophils to express CD11b at the sites of
interstitial inflammation in patients on high-flux hemodialysis/hemodiafiltration, as shown
by our findings, may have important biological consequences in terms of an adequate
performance of leukocyte functions in which the CD11b molecule plays a key role (Thylen et
al. 1997; Moshfegh et al. 2002). Extravasated neutrophils and monocytes from patients on
high-flux hemodialysis/hemodiafiltration showed a maintained response to fMLP as a
second inflammatory stimulus after extravasation.

The mechanism behind this preserved leukocyte function in patients on high-flux
biocompatible hemodialysis/hemodiafiltration could be the removal of small and middle-
sized leukocyte inhibitory molecules by high-flux hemodialysis/hemodiafiltration
(Vanholder et al. 1994a), but membrane compatibility could also play an important role.

2.2.2 Hydrogen peroxide formation

Results for hydrogen peroxide production in neutrophils and monocytes are displayed in
Figures 3-6. The findings indicate the presence of a dose-response phenomenon in terms of
leukocyte function at the site of interstitial inflammation in patients on high-flux
hemodialysis/hemodiafiltration, which could be due to leukocyte refractoriness when
encountered with an intense inflammatory stimulus. Refractoriness of leukocytes could be
caused by previous priming, giving rise to an impaired response to a second activating
stimulus.

2.2.3 Apoptosis and cell counts

There was no significant difference in the total number of leukocytes at the inflammatory
sites between patients on high-flux hemodialysis/hemodiafiltration and healthy subjects.

In our study of leukocytes from patients on high-flux hemodialysis/hemodiafiltration,
leukocytes were studied at their actual site of action, namely after in vivo extravasation. This
is advantageous, since leukocyte function in patients with chronic kidney disease or on
dialysis has previously almost exclusively been studied on cells collected from the
peripheral circulation.

In both the neutrophil and monocyte populations, we observed no significant differences in
the percentage of apoptotic cells (Annexin V+ and Annexin V+ PI+) in the peripheral
circulation or at the sites of interstitial inflammation between patients on high-flux
hemodialysis/hemodiafiltration and healthy subjects.
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Fig. 3. Respiratory burst in neutrophils at the site of an intermediate interstitial
inflammation expressed as mean fluorescence intensity (MFI). P is indicated where a
significant difference is present.
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Fig. 4. Respiratory burst (MFI) in neutrophils at the site of intense interstitial inflammation.
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Fig. 5. Respiratory burst (MFI) in monocytes at the site of intermediate interstitial
inflammation. No significant difference for any comparison.
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Fig. 6. Respiratory burst (MFI) in monocytes at the site of intense interstitial inflammation.

2.2.4 Concentrations of chemokines

Patients on high-flux hemodialysis/hemodiafiltration had significantly higher
concentrations of MCP-1, MIP-1a, IL-6, IL-8, TNF-a and high-sensitivity CRP (hsCRP) in the
peripheral circulation, prior to dialysis treatment, compared with healthy subjects (Olsson et
al. 2009). MMP-9/NGAL serum concentration was similar in patients on high-flux
hemodialysis/hemodiafiltration and healthy subjects (Olsson et al. 2009). Significantly
higher serum levels of f2-microglobulin and serum amyloid A (SAA) were observed in
patients on high-flux hemodialysis/hemodiafiltration, compared with healthy subjects. The
serum concentrations of chemokines, hsCRP, SAA and oxidized LDL were not influenced by
the high-flux hemodialysis/hemodiafiltration session, while the concentration of p2-
microglobulin was significantly reduced (unpublished data).

The concentrations of MIP-1a, MMP-9/NGAL and IL-8 at the sites of intermediate and intense
inflammation were similar in patients and healthy subjects, and the concentration of MCP-1 at
the sites of intermediate and intense inflammation was significantly higher in patients on high-
flux hemodialysis/hemodiafiltration, compared with healthy subjects (Olsson et al. 2009). At
the site of intermediate inflammation, the concentration of IL-6 and TNF-a was significantly
higher in patients compared with healthy subjects, reflecting a high inflammatory activity
(unpublished data). There were no significant correlations between the concentrations of
chemokines or the gradient between the concentration in the peripheral circulation and the
interstitium, and the recruitment of neutrophils and monocytes and their expression of CD11b
at the site of interstitial inflammation (unpublished data).
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3. Conclusion

In wvivo extravasated monocytes and neutrophils from patients on high-flux
hemodialysis/hemodiafiltration have a preserved capacity to mobilize CD11b, compared
with the corresponding cells from healthy subjects (Olsson et al. 2007). Furthermore,
monocytes and neutrophils were able to respond to a second signal (fMLP) at the site of
interstitial inflammation, indicating an adequate response to bacterial peptides (Olsson et al.
2007). After the most potent stimulation, both monocytes and neutrophils that had
extravasated in vivo and been recruited to the site of intense inflammation showed a lower
capacity to produce hydrogen peroxide in response to activation, compared with the
corresponding cells from healthy individuals (Olsson et al. 2007). The apoptotic rates of
neutrophils and monocytes were similar in patients and in healthy subjects (Olsson et al.
2007). Clearance of leukocytes from the site of infection via apoptosis is essential for the
coordinated resolution of inflammation. The balance between pro-apoptotic and anti-
apoptotic factors is necessary for the maintenance of an effective immune response without
the harmful side effects of an excessive neutrophil activation.

The higher concentration of MCP-1 and equal concentration of IL-8, MMP-9/NGAL and
MIP-1a at the sites of intermediate and intense inflammation in patients on high-flux
hemodialysis/hemodiafiltration (Olsson et al. 2009) could be of importance for the
maintained capacity of leukocytes to extravasate and mobilize CD11b compared with
healthy subjects (Olsson et al. 2007). These data contrast with our previous studies on
patients with chronic kidney disease or patients on peritoneal dialysis, in which the
concentrations of MCP-1 and IL-8 are significantly lower, coupled with an impaired
capacity to up-regulate CD11b on neutrophils at sites of interstitial inflammation (Dadfar et
al. 2004c; Dadfar et al. 2004b, 2004a).

The results of our study support a preserved neutrophil and monocyte function in terms of
extravasation and activation at the inflammatory focus. One possible explanation for the
preserved capacity of monocytes and neutrophils to express CD11b in response to an
interstitial inflammation in patients on high-flux hemodialysis/hemodiafiltration may be
that the cells extravasate into a milieu which contains equal or higher concentrations of
factors involved in transmigration and CD11b expression (MCP-1, IL-8, MIP-1a and MMP-
9/NGAL) compared with healthy subjects. The maintained capacity to produce chemokines
in the interstitium in patients on high-flux hemodialysis/hemodiafiltration may be due to
an increased intradialytic removal of uremic substances that inhibit leukocyte function.

4. Acknowledgement

I want to thank my co-investigators and co-authors Stefan H Jacobson, Joachim Lundahl, Ali
Moshfegh, Josefin Paulsson and Elham Dadfar. I also want to thank Titti Nieminen and
Anette Bygdén-Nylander for skilful technical support. These studies were made possible by
an unrestricted grant from Karolinska Institutet, Stockholm, Sweden and Terumo Europe
N.V. dedicated to well being. The author also received financial support from the Swedish
Society of Nephrology.

5. References

Adams DH, Shaw S (1994) Leucocyte-endothelial interactions and regulation of leucocyte
migration. Lancet 343(8901): 831-836.

www.intechopen.com



190 Progress in Hemodialysis — From Emergent Biotechnology to Clinical Practice

Adams DH, Lloyd AR (1997) Chemokines: leucocyte recruitment and activation cytokines.
Lancet 349(9050): 490-495.

Albelda SM, Smith CW, Ward PA (1994) Adhesion molecules and inflammatory injury.
Faseb | 8(8): 504-512.

Alberts, B., A. Johnson, et al. (2002) Molecular Biology of the Cell. New York.

Allon M, Depner TA, Radeva M, Bailey ], Beddhu S et al. (2003) Impact of dialysis dose and
membrane on infection-related hospitalization and death: results of the HEMO
Study. ] Am Soc Nephrol 14(7): 1863-1870.

Babior BM (1999) NADPH oxidase: an update. Blood 93(5): 1464-1476.

Bainton DF, Miller L], Kishimoto TK, Springer TA (1987) Leukocyte adhesion receptors are
stored in peroxidase-negative granules of human neutrophils. | Exp Med 166(6):
1641-1653.

Bloembergen WE, Port FK (1996) Epidemiological perspective on infections in chronic
dialysis patients. Adv Ren Replace Ther 3(3): 201-207.

Bordoni V, Piroddi M, Galli F, de Cal M, Bonello M et al. (2006) Oxidant and carbony] stress-
related apoptosis in end-stage kidney disease: impact of membrane flux. Blood Purif
24(1): 149-156.

Borregaard N, Miller L], Springer TA (1987) Chemoattractant-regulated mobilization of a
novel intracellular compartment in human neutrophils. Science 237(4819): 1204-
1206.

Brogden, K. A. and J. M. Guthmiller (2002) The Host Response: A Double-edged Sword.
Polymicrobial diseases. Herndon, VA, ASM Press.

Canaud B, Chenine L, Henriet D, Leray H (2008) Cross-membrane flux is a major factor
influencing dialysis patient outcomes. Contrib Nephrol 161: 178-184.

Canaud B, Bragg-Gresham JL, Marshall MR, Desmeules S, Gillespie BW et al. (2006)
Mortality risk for patients receiving hemodiafiltration versus hemodialysis:
European results from the DOPPS. Kidney Int 69(11): 2087-2093.

Carracedo J, Ramirez R, Madueno JA, Soriano S, Rodriguez-Benot A et al. (2002) Cell
apoptosis and hemodialysis-induced inflammation. Kidney Int Suppl(80): 89-93.

Carrero JJ, Yilmaz MI, Lindholm B, Stenvinkel P (2008) Cytokine dysregulation in chronic
kidney disease: how can we treat it? Blood Purif 26(3): 291-299.

Charo IF, Ransohoff RM (2006) The many roles of chemokines and chemokine receptors in
inflammation. N Engl | Med 354(6): 610-621.

Chauveau P, Nguyen H, Combe C, Chene G, Azar R et al. (2005) Dialyzer membrane
permeability and survival in hemodialysis patients. Am | Kidney Dis 45(3): 565-571.

Cheung AK, Parker CJ, Wilcox L, Janatova J (1989) Activation of the alternative pathway of
complement by cellulosic hemodialysis membranes. Kidney Int 36(2): 257-265.

Cheung AK, Greene T, Leypoldt JK, Yan G, Allon M et al. (2008) Association between serum
2-microglobulin level and infectious mortality in hemodialysis patients. Clin | Am
Soc Nephrol 3(1): 69-77.

Cheung AK, Levin NW, Greene T, Agodoa L, Bailey ] et al. (2003) Effects of high-flux
hemodialysis on clinical outcomes: results of the HEMO study. | Am Soc Nephrol
14(12): 3251-3263.

Chuluyan HE, Issekutz AC (1993) VLA-4 integrin can mediate CD11/CD18-independent
transendothelial migration of human monocytes. | Clin Invest 92(6): 2768-2777.

www.intechopen.com



Leukocyte Function in High-Flux Hemodialysis 191

Clark WR, Hamburger R], Lysaght M] (1999) Effect of membrane composition and structure
on solute removal and biocompatibility in hemodialysis. Kidney Int 56(6): 2005-
2015.

Cohen G, Horl WH (2009a) Free immunoglobulin light chains as a risk factor in renal and
extrarenal complications. Semin Dial 22(4): 369-372.

Cohen G, Horl WH (2009b) Resistin as a cardiovascular and atherosclerotic risk factor and
uremic toxin. Semin Dial 22(4): 373-377.

Cohen G, Haag-Weber M, Horl WH (1997) Immune dysfunction in uremia. Kidney Int Suppl
62: S79-82.

Cohen G, Rudnicki M, Horl WH (2001) Uremic toxins modulate the spontaneous apoptotic
cell death and essential functions of neutrophils. Kidney Int Suppl 78: S48-52.

Cohen G, Rudnicki M, Deicher R, Horl WH (2003) Immunoglobulin light chains modulate
polymorphonuclear leucocyte apoptosis. Eur | Clin Invest 33(8): 669-676.

Coldren CD, Nick JA, Poch KR, Woolum MD, Fouty BW et al. (2006) Functional and
genomic changes induced by alveolar transmigration in human neutrophils. Am |
Physiol Lung Cell Mol Physiol 291(6): L1267-1276.

D'Intini V, Bordoni V, Bolgan I, Bonello M, Brendolan A et al. (2004) Monocyte apoptosis in
uremia is normalized with continuous blood purification modalities. Blood Purif
22(1): 9-12.

Dadfar E, Lundahl J, Jacobson SH (2004a) Monocyte adhesion molecule expression in
interstitial inflammation in patients with renal failure. Nephrol Dial Transplant 19(3):
614-622.

Dadfar E, Lundahl ], Jacobson SH (2004b) Granulocyte extravasation and recruitment to
sites of interstitial inflammation in patients with renal failure. Am | Nephrol 24(3):
330-339.

Dadfar E, Jacobson SH, Lundahl J (2007) Newly recruited human monocytes have a
preserved responsiveness towards bacterial peptides in terms of CD11b up-
regulation and intracellular hydrogen peroxide production. Clin Exp Immunol
148(3): 573-582.

Dadfar E, Lundahl ], Fernvik E, Nopp A, Hylander B et al. (2004c) Leukocyte CD11b and
CD621 expression in response to interstitial inflammation in CAPD patients. Perit
Dial Int 24(1): 28-36.

Dahlgren C, Karlsson A (1999) Respiratory burst in human neutrophils. | Immunol Methods
232(1-2): 3-14.

de Lemos, J. A., D. A. Morrow, et al. (2003) Association between plasma levels of monocyte
chemoattractant protein-1 and long-term clinical outcomes in patients with acute
coronary syndromes. Circulation 107(5): 690-5.

Descamps-Latscha B (1993) The immune system in end-stage renal disease. Curr Opin
Nephrol Hypertens 2(6): 883-891.

Drost, E. M. and W. MacNee (2002) Potential role of IL-8, platelet-activating factor and TNF-
alpha in the sequestration of neutrophils in the lung: effects on neutrophil
deformability, adhesion receptor expression, and chemotaxis. Eur | Immunol 32(2):
393-403.

Eknoyan G, Beck GJ, Cheung AK, Daugirdas JT, Greene T et al. (2002) Effect of dialysis dose
and membrane flux in maintenance hemodialysis. N Engl | Med 347(25): 2010-2019.

www.intechopen.com



192 Progress in Hemodialysis — From Emergent Biotechnology to Clinical Practice

Follin P (1999) Skin chamber technique for study of in vivo exudated human neutrophils. |
Immunol Methods 232(1-2): 55-65.

Gibbons RA, Martinez OM, Garovoy MR (1990) Altered monocyte function in uremia. Clin
Immunol Immunopathol 56(1): 66-80.

Gonzalez-Amaro R, Sanchez-Madrid F (1999) Cell adhesion molecules: selectins and
integrins. Crit Rev Immunol 19(5-6): 389-429.

Graff LR, Franklin KK, Witt L, Cohen N, Jacobs RA et al. (2002) Antimicrobial therapy of
gram-negative bacteremia at two university-affiliated medical centers. Am | Med
112(3): 204-211.

Haag-Weber M, Horl WH (1996a) Are granulocyte inhibitory proteins contributing to
enhanced susceptibility to infections in uraemia? Nephrol Dial Transplant 11 Suppl 2:
98-100.

Haag-Weber M, Horl WH (1996b) Dysfunction of polymorphonuclear leukocytes in uremia.
Semin Nephrol 16(3): 192-201.

Haag-Weber M, Hable M, Fiedler G, Blum I, Schollmeyer P et al. (1991) Alterations of
polymorphonuclear leukocyte glycogen metabolism and glucose uptake in dialysis
patients. Am | Kidney Dis 17(5): 562-568.

Hermant B, Bibert S, Concord E, Dublet B, Weidenhaupt M et al. (2003) Identification of
proteases involved in the proteolysis of vascular endothelium cadherin during
neutrophil transmigration. | Biol Chem 278(16): 14002-14012.

Hernandez MR, Galan AM, Cases A, Lopez-Pedret ], Pereira A et al. (2004) Biocompatibility
of cellulosic and synthetic membranes assessed by leukocyte activation. Am |
Nephrol 24(2): 235-241.

Himmelfarb ], Lazarus JM, Hakim R (1991) Reactive oxygen species production by
monocytes and polymorphonuclear leukocytes during dialysis. Am | Kidney Dis
17(3): 271-276.

Himmelfarb J, Ault KA, Holbrook D, Leeber DA, Hakim RM (1993) Intradialytic granulocyte
reactive oxygen species production: a prospective, crossover trial. ] Am Soc Nephrol
4(2): 178-186.

Horl WH (2001) Neutrophil function in renal failure. Adv Nephrol Necker Hosp 31: 173-192.

Horl WH (2002) Hemodialysis membranes: interleukins, biocompatibility, and middle
molecules. | Am Soc Nephrol 13 Suppl 1: S62-71.

Hornberger JC, Chernew M, Petersen J, Garber AM (1992) A multivariate analysis of
mortality and hospital admissions with high-flux dialysis. ] Am Soc Nephrol 3(6):
1227-1237.

Idriss, H. T. and J. H. Naismith (2000) TNF alpha and the TNF receptor superfamily:
structure-function relationship(s). Microsc Res Tech 50(3): 184-95.

Ikeda, U., K. Matsui, et al. (2002) Monocyte chemoattractant protein-1 and coronary artery
disease. Clin Cardiol 25(4): 143-7.

Jacobson SH, Thylen P, Lundahl ] (2000) Three monocyte-related determinants of
atherosclerosis in haemodialysis. Nephrol Dial Transplant 15(9): 1414-1419.

Jacobson SH, Thylen P, Fernvik E, Hallden G, Gronneberg R et al. (2002) Hemodialysis-
activated granulocytes at the site of interstitial inflammation. Am | Kidney Dis 39(4):
854-861.

Janeway C, Travers P (2005) Immunobiology. New York: Garland Publisher.

www.intechopen.com



Leukocyte Function in High-Flux Hemodialysis 193

Jiang, Y., D. L. Beller, et al. (1992) Monocyte chemoattractant protein-1 regulates adhesion
molecule expression and cytokine production in human monocytes. | Immunol
148(8): 2423-8.

Jiang, Y., J. F. Zhu, et al. (1994) MCP-1-stimulated monocyte attachment to laminin is
mediated by beta 2-integrins. Am | Physiol 267(4 Pt 1): C1112-8.

Johnson-Leger C, Aurrand-Lions M, Imhof BA (2000) The parting of the endothelium:
miracle, or simply a junctional affair? | Cell Sci 113 (Pt 6): 921-933.

Johnson F, Giulivi C (2005) Superoxide dismutases and their impact upon human health.
Mol Aspects Med 26(4-5): 340-352.

Kaysen GA (2001) The microinflammatory state in uremia: causes and potential
consequences. | Am Soc Nephrol 12(7): 1549-1557.

Kaysen GA, Kumar V (2003) Inflammation in ESRD: causes and potential consequences. |
Ren Nutr 13(2): 158-160.

Kobayashi Y (2008) The role of chemokines in neutrophil biology. Front Biosci 13: 2400-2407.

Koller H, Hochegger K, Zlabinger GJ, Lhotta K, Mayer G et al. (2004) Apoptosis of human
polymorphonuclear neutrophils accelerated by dialysis membranes via the
activation of the complement system. Nephrol Dial Transplant 19(12): 3104-3111.

Kosch M, Levers A, Fobker M, Barenbrock M, Schaefer RM et al. (2003) Dialysis filter type
determines the acute effect of haemodialysis on endothelial function and oxidative
stress. Nephrol Dial Transplant 18(7): 1370-1375.

Ledebo I (1998) Principles and practice of hemofiltration and hemodiafiltration. Artif Organs
22(1): 20-25.

Liu, G., Y. J. Park, et al. (2008). Interleukin-1 receptor-associated kinase (IRAK) -1-mediated
NEF-kappaB activation requires cytosolic and nuclear activity. Faseb | 22(7): 2285-96.

Locatelli F (2003) Dose of dialysis, convection and haemodialysis patients outcome--what
the HEMO study doesn't tell us: the European viewpoint. Nephrol Dial Transplant
18(6): 1061-1065.

Locatelli F, Martin-Malo A, Hannedouche T, Loureiro A, Papadimitriou M et al. (2009) Effect
of membrane permeability on survival of hemodialysis patients. ] Am Soc Nephrol
20(3): 645-654.

Lundberg L, Johansson G, Karlsson L, Stegmayr BG (1994) Complement activation is
influenced by the membrane material, design of the dialyser, sterilizing method,
and type of dialysate. Nephrol Dial Transplant 9(9): 1310-1314.

Malaponte G, Libra M, Bevelacqua Y, Merito P, Fatuzzo P et al. (2007) Inflammatory status
in patients with chronic renal failure: the role of PTX3 and pro-inflammatory
cytokines. Int ] Mol Med 20(4): 471-481.

Martin-Malo A, Carracedo J, Ramirez R, Rodriguez-Benot A, Soriano S et al. (2000) Effect of
uremia and dialysis modality on mononuclear cell apoptosis. | Am Soc Nephrol
11(5): 936-942.

Miller LJ, Bainton DF, Borregaard N, Springer TA (1987) Stimulated mobilization of
monocyte Mac-1 and p150,95 adhesion proteins from an intracellular vesicular
compartment to the cell surface. | Clin Invest 80(2): 535-544.

Moshfegh A, Jacobson SH, Hallden G, Thylen P, Lundahl J (2002) Impact of hemodialysis
membrane and permeability on neutrophil transmigration in vitro. Nephron 91(4):
659-665.

www.intechopen.com



194 Progress in Hemodialysis — From Emergent Biotechnology to Clinical Practice

Muniz-Junqueira MI, Braga Lopes C, Magalhaes CA, Schleicher CC, Veiga JP (2005) Acute
and chronic influence of hemodialysis according to the membrane used on
phagocytic function of neutrophils and monocytes and pro-inflammatory cytokines
production in chronic renal failure patients. Life Sci 77(25): 3141-3155.

Olsson ], Dadfar E, Paulsson J, Lundahl J, Moshfegh A et al. (2007) Preserved leukocyte
CD11b expression at the site of interstitial inflammation in patients with high-flux
hemodiafiltration. Kidney Int 71(6): 582-588.

Olsson J, Paulsson J, Dadfar E, Lundahl J, Moshfegh A et al. (2009) Monocyte and neutrophil
chemotactic activity at the site of interstitial inflammation in patients on high-flux
hemodialysis or hemodiafiltration. Blood Purif 28(1): 47-52.

Parkin J, Cohen B (2001) An overview of the immune system. Lancet 357(9270): 1777-1789.

Paulsson ], Dadfar E, Held C, Jacobson SH, Lundahl J (2007) Activation of peripheral and in
vivo transmigrated neutrophils in patients with stable coronary artery disease.
Atherosclerosis 192(2): 328-334.

Panichi, V., U. Maggiore, et al. (2004) Interleukin-6 is a stronger predictor of total and
cardiovascular mortality than C-reactive protein in haemodialysis patients. Nephrol
Dial Transplant 19(5): 1154-60.

Pawlak K, Naumnik B, Brzosko S, Pawlak D, Mysliwiec M (2004) Oxidative stress - a link
between endothelial injury, coagulation activation, and atherosclerosis in
haemodialysis patients. Am | Nephrol 24(1): 154-161.

Pecoits-Filho, R., P. Barany, et al. (2002) Interleukin-6 is an independent predictor of
mortality in patients starting dialysis treatment. Nephrol Dial Transplant 17(9): 1684-
8.

Pecoits-Filho R, Lindholm B, Stenvinkel P (2002) The malnutrition, inflammation, and
atherosclerosis (MIA) syndrome -- the heart of the matter. Nephrol Dial Transplant
17 Suppl 11: 28-31.

Powe NR, Jaar B, Furth SL, Hermann J, Briggs W (1999) Septicemia in dialysis patients:
incidence, risk factors, and prognosis. Kidney Int 55(3): 1081-1090.

Pupim, L. B., J. Himmelfarb, et al. (2004) Influence of initiation of maintenance hemodialysis
on biomarkers of inflammation and oxidative stress. Kidney Int 65(6): 2371-9.

Rabindranath KS, Strippoli GF, Daly C, Roderick PJ, Wallace S et al. (2006)
Haemodiafiltration, haemofiltration and haemodialysis for end-stage kidney
disease. Cochrane Database Syst Rev(4): CD006258.

Raj DS, Vincent B, Simpson K, Sato E, Jones KL et al. (2002) Hemodynamic changes during
hemodialysis: role of nitric oxide and endothelin. Kidney Int 61(2): 697-704.

Ramos, C. D., C. Canetti, et al. (2005) MIP-1lalpha[CCL3] acting on the CCR1 receptor
mediates neutrophil migration in immune inflammation via sequential release of
TNF-alpha and LTB4. | Leukoc Biol 78(1): 167-77.

Rezzonico, R., V. Imbert, et al. (2001) Ligation of CD11b and CD1l1c beta(2) integrins by
antibodies or soluble CD23 induces macrophage inflammatory protein lalpha
(MIP-1alpha) and MIP-1beta production in primary human monocytes through a
pathway dependent on nuclear factor-kappaB. Blood 97(10): 2932-40.

Rocco MV, Cheung AK, Greene T, Eknoyan G (2005) The HEMO Study: applicability and
generalizability. Nephrol Dial Transplant 20(2): 278-284.

www.intechopen.com



Leukocyte Function in High-Flux Hemodialysis 195

Sardenberg C, Suassuna P, Andreoli MC, Watanabe R, Dalboni MA et al. (2006) Effects of
uraemia and dialysis modality on polymorphonuclear cell apoptosis and function.
Nephrol Dial Transplant 21(1): 160-165.

Sarnak M]J, Jaber BL (2000) Mortality caused by sepsis in patients with end-stage renal
disease compared with the general population. Kidney Int 58(4): 1758-1764.

Scheja A, Forsgren A (1985) A skin chamber technique for leukocyte migration studies;
description and reproducibility. Acta Pathol Microbiol Immunol Scand 93: 25-30.

Schindler R, Eichert F, Lepenies J, Frei U (2001) Blood components influence cytokine
induction by bacterial substances. Blood Purif 19(4): 380-387.

Schindler R, Ertl T, Beck W, Lepenies ], Boenisch O et al. (2006) Reduced cytokine induction
and removal of complement products with synthetic hemodialysis membranes.
Blood Purif 24(2): 203-211.

Sela S, Shurtz-Swirski R, Cohen-Mazor M, Mazor R, Chezar ] et al. (2005) Primed peripheral
polymorphonuclear leukocyte: a culprit wunderlying chronic low-grade
inflammation and systemic oxidative stress in chronic kidney disease. | Am Soc
Nephrol 16(8): 2431-2438.

Stenvinkel P, Heimburger O, Lindholm B, Kaysen GA, Bergstrom ] (2000) Are there two
types of malnutrition in chronic renal failure? Evidence for relationships between
malnutrition, inflammation and atherosclerosis (MIA syndrome). Nephrol Dial
Transplant 15(7): 953-960.

Swain SD, Rohn TT, Quinn MT (2002) Neutrophil priming in host defense: role of oxidants
as priming agents. Antioxid Redox Signal 4(1): 69-83.

Theilgaard-Monch K, Porse BT, Borregaard N (2006) Systems biology of neutrophil
differentiation and immune response. Curr Opin Immunol 18(1): 54-60.

Theilgaard-Monch K, Knudsen S, Follin P, Borregaard N (2004) The transcriptional
activation program of human neutrophils in skin lesions supports their important
role in wound healing. | Immunol 172(12): 7684-7693.

Thylen P, Fernvik E, Haegerstrand A, Lundahl ], Jacobson SH (1997) Dialysis-induced
serum factors inhibit adherence of monocytes and granulocytes to adult human
endothelial cells. Am ] Kidney Dis 29(1): 78-85.

Thylen P, Lundahl ], Fernvik E, Gronneberg R, Hallden G et al. (2000) Impaired monocyte
CD11b expression in interstitial inflammation in hemodialysis patients. Kidney Int
57(5): 2099-2106.

van Buul JD, Hordijk PL (2004) Signaling in leukocyte transendothelial migration.
Arterioscler Thromb Vasc Biol 24(5): 824-833.

Van Den Steen, P. E., A. Wuyts, et al. (2003) Gelatinase B/MMP-9 and neutrophil
collagenase/MMP-8 process the chemokines human GCP-2/CXCL6, ENA-
78/CXCL5 and mouse GCP-2/LIX and modulate their physiological activities. Eur
J Biochem 270(18): 3739-49.

Vanholder R, Van Biesen W, Ringoir S (1993a) Contributing factors to the inhibition of
phagocytosis in hemodialyzed patients. Kidney Int 44(1): 208-214.

Vanholder R, De Smet R, Hsu C, Vogeleere P, Ringoir S (1994a) Uremic toxicity: the middle
molecule hypothesis revisited. Semin Nephrol 14(3): 205-218.

Vanholder R, Van Loo A, Dhondt AM, De Smet R, Ringoir S (1996) Influence of uraemia and
haemodialysis on host defence and infection. Nephrol Dial Transplant 11(4): 593-598.

www.intechopen.com



196 Progress in Hemodialysis — From Emergent Biotechnology to Clinical Practice

Vanholder R, Baurmeister U, Brunet P, Cohen G, Glorieux G et al. (2008) A bench to bedside
view of uremic toxins. ] Am Soc Nephrol 19(5): 863-870.

Vanholder R, De Smet R, Jacobs V, Van Landschoot N, Waterloos MA et al. (1994b) Uraemic
toxic retention solutes depress polymorphonuclear response to phagocytosis.
Nephrol Dial Transplant 9(9): 1271-1278.

Vanholder R, Dell'Aquila R, Jacobs V, Dhondt A, Veys N et al. (1993b) Depressed
phagocytosis in hemodialyzed patients: in vivo and in vitro mechanisms. Nephron
63(4): 409-415.

Vanholder R, Argiles A, Baurmeister U, Brunet P, Clark W et al. (2001) Uremic toxicity:
present state of the art. Int | Artif Organs 24(10): 695-725.

Weber, C., K. U. Belge, et al. (2000) Differential chemokine receptor expression and function
in human monocyte subpopulations. | Leukoc Biol 67(5): 699-704.

Woods HF, Nandakumar M (2000) Improved outcome for haemodialysis patients treated
with high-flux membranes. Nephrol Dial Transplant 15 Suppl 1: 36-42.

Yamashiro S, Kamohara H, Wang JM, Yang D, Gong WH et al. (2001) Phenotypic and
functional change of cytokine-activated neutrophils: inflammatory neutrophils are
heterogeneous and enhance adaptive immune responses. | Leukoc Biol 69(5): 698-
704.

Yan, L., N. Borregaard, et al. (2001) The high molecular weight urinary matrix
metalloproteinase (MMP) activity is a complex of gelatinase B/MMP-9 and
neutrophil gelatinase-associated lipocalin (NGAL). Modulation of MMP-9 activity
by NGAL. | Biol Chem 276(40): 37258-65.

Zeilhofer, H. U. and W. Schorr (2000) Role of interleukin-8 in neutrophil signaling. Curr
Opin Hematol 7(3): 178-82.

www.intechopen.com



N — Progress in Hemodialysis - From Emergent Biotechnology to
PROGRESS IN HEMODIALYSIS
FROM EMERGENT BIOTECHNOLOGY TO
CLINICAL PRACTICE

Clinical Practice
Edited by Prof. Angelo Carpi

Glanfranco Tramgns

ISBN 978-953-307-377-4

Hard cover, 444 pages

Publisher InTech

Published online 07, November, 2011
Published in print edition November, 2011

Hemodialysis (HD) represents the first successful long-term substitutive therapy with an artificial organ for
severe failure of a vital organ. Because HD was started many decades ago, a book on HD may not appear to
be up-to-date. Indeed, HD covers many basic and clinical aspects and this book reflects the rapid expansion of
new and controversial aspects either in the biotechnological or in the clinical field. This book revises new
technologies and therapeutic options to improve dialysis treatment of uremic patients. This book consists of
three parts: modeling, methods and technique, prognosis and complications.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Jenny Olsson (2011). Leukocyte Function in High-Flux Hemodialysis, Progress in Hemodialysis - From
Emergent Biotechnology to Clinical Practice, Prof. Angelo Carpi (Ed.), ISBN: 978-953-307-377-4, InTech,
Available from: http://www.intechopen.com/books/progress-in-hemodialysis-from-emergent-biotechnology-to-
clinical-practice/leukocyte-function-in-high-flux-hemodialysis

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




