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ABBREVIATIONS INDEX 

Following abbreviations were employed in this work: 

Arg Arginine 

CBC Complete blood cell count 

CRA Canine Rheumathoid Arthritis 

CRP C-Reactive Protein 

CSF Cerebrospinal Fluid 

CXCL8 Interleukin-8 

CXCR CXC-Chemokine Receptor 

DARC Duffy Antigen for Chemokines 

ECVP European College of Veterinary Pathologists 

ELISA Enzyme Linked Immunoassay 

et al. Et alii 

Fig. Figure 

GCP-2 CXCL6 Chemokine 

GDP Guanosine Diphosphate 

GLM Generalized Linear Models 

Glu Glutamic Acid 

GMCSF Granulocyte Macrophage Colony Stimulating Factor 

GTP Guanosine Triphosphate 

IBD Inflammatory Bowel Disease 

IgG Immunoglobulin G 

IL Interleukin 

IMPA Immune-Mediated Polyarthropathy 

kDa Kilodalton 

Leu Leucine 

LPS Lipopolysaccharides 

LTB Lymphotoxin Beta 

mAb Monoclonal Antibody 

MDD Minimal Detectable Dose 



MDNCF Monocyte-Derived Neutrophil Chemotactic Factor 

ml Milliliter 

mm Millimeter 

MONAP Monocyte-Derived Neutrophil Activating Protein 

mRNA Messanger Ribonucleic Acid 

NADPH Nicotinamide Adenine Dinucleotide Phosphate 

NAP Neutrophil Activating Protein 

ng Nanogram 

OA Osteoarthritis 

OD Optical Density 

OHE Ovariohysterectomy 

PAF Platelet Activating Factor 

PCR Polymerase Chain Reaction 

pg Picogram 

PGPCR G-Protein Coupled Receptors 

PMN Polymorphonuclear cells 

RBM RNA-Binding Motiff Proteins 

RGS Regultaor of G-Protein Signaling 

ROC Receiver Operator Characteristic 

RT-PCR Reverse Transcription Polymerase Chain Reaction 

SIRS Systemic Inflammatory Response 

SLE Systemic Lupus Erythematosus 

SRMA Steroid Responsive Meningitis-Arteriitis 

TNF Tumor Necrosis Factor 

WBC White blood cells 

WHO World Health Organization 

WSP Wolbachia Surface Protein 
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Introduction 

11 
 

1. INTRODUCTION 

 

Interleukin-8 (CXCL8) is a highly selective pro-inflammatory and angiogenic 

chemokine involved in physiological and pathological inflammatory (SCHROEDER et 

al., 1987; YOSHIMURA et al., 1987b; BAGGIOLINI et al., 1992, 1994) and 

neovascularization processes (KOCH et al., 1992; STRIETER et al., 1992, 1995). 

CXCL8 is secreted by numerous cell types in response to diverse stimuli like 

bacteria, viruses, endotoxin, immune complexes and environmental factors inducing 

a notable local and systemic increase of this cytokine (YOSHIMURA et al., 1987b; 

BAGGIOLINI et al., 1989; LICHTMAN et al., 2010). A significant increase of 

circulating CXCL8 has been found in several human inflammatory (PEZZILLI et al., 

1995; PIETRZAK et al., 2000; POLYAK et al., 2001; MUKAIDA, 2003; BOZZA et al., 

2007) and neoplastic diseases (UEDA et al., 1994; UGUREL et al., 2001; REN et al., 

2003). Yet, not all studies have found a positive correlation between CXCL8, disease 

features and the patients outcome (GREEN et al., 1997; KONNO et al., 2003; DERIN 

et al., 2007; YAO et al., 2007). Therefore its true diagnostic and prognostic relevance 

remains unclear (BENOY et al., 2004; AHMED et al., 2006, LOKSHIN et al., 2006).  

While CXCL8 has been widely studied in human medicine, in veterinary medicine 

research in this area is rather limited. The local expression of CXCL8 has been 

proved to be elevated and to correlate positively with disease severity in dogs with 

myocardial ischemia-reperfusion injury (KUKIELKA et al., 1995), steroid responsive 

meningitis-arteriitis (BURGENER et al., 1998), diverse joint diseases (DE BRUIN et 

al., 2005), pyometra (BARTOSKOVA et al., 2012; HAGMAN, 2012; TAMADA et al., 

2012), colorectal polyps (TAMURA et al., 2013), hemangiosarcoma (KIM et al., 2014) 

and mammary gland tumors (ZUCCARI et al., 2011; DE ANDRÉS et al., 2013). 

Regarding circulating CXCL8 only few studies with differing results have been 

performed. Circulating CXCL8 did not allow to predict the presence of disease and 

disease severity in idiopathic immune-mediated polyarthropathy (FOSTER et al., 

2014 ) and sepsis (DECLUE et al., 2012). In dogs with pyometra it showed to be 

decreased in patients lacking a systemic inflammatory response syndrome (SIRS), 
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while in the presence of SIRS serum CXCL8 levels were similar to the values of 

healthy dogs (KARLSSON et al., 2012). Instead, studies in colorectal polyps 

(TAMURA et al., 2013), soft tissue sarcoma (RUTKOWSKI et al., 2002) and 

mammary gland tumors (GELALETI et al., 2012 and DE ANDRÉS et al., 2013) found 

a positive correlation of circulating CXCL8, the mass size, malignancy, recurrence 

and death. 

Human and veterinary studies have focused on analyzing CXCL8 in single diseases 

and so far it is not clear if its behavior varies according to the pathologic process. 

Additionally, there is limited information about its behavior and importance in 

diseased dogs. Thus, the aim of this dissertation was to measure serum CXCL8 in 

dogs with diverse inflammatory and neoplastic processes in order to compare the 

concentrations and get an insight of its behavior, physiopathological relevance and 

potential clinical utility among commonly occurring diseases in this species. Herefore, 

CXCL8 concentrations were assessed through a commercially available canine 

ELISA-Kit and an association to the animals and disease characteristics was 

evaluated. First, serum CXCL8 was measured and compared among diverse 

diseases to study its possible link to a certain disease and its associated 

characteristics. Secondly, female dogs with naturally occurring pyometra were used 

for a disease specific analysis on serum CXCL8 in inflammation and determine its 

relation to the disease intensity. Last, dogs with various neoplastic processes were 

sampled to evaluate the possible relation of serum CXCL8 and important features 

shared by diverse tumor types.  

Results of this research were documented in two manuscripts accepted for 

publication.
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2. LITERATURE REVIEW 

 

2.1. Research history on CXCL8 

 

Several proteins released by stimulated monocytes play a fundamental role in 

inflammation. Until 1987 interleukin-1 (IL-1), tumor necrosis factor (TNF) and 

plasminogen activator were thought to have the major chemotactic effect on pro-

inflammatory cells such as neutrophils (YOSHIMURA et al., 1987a). Further studies 

on human monocytes by YOSHIMURA et al. (1987) demonstrated that these proteins 

lacked of neutrophil chemotactic function. Nevertheless monocytes still had this 

property, leading to the conclusion that other monocyte products had to be 

responsible for this effect (YOSHIMURA et al., 1987a). Studies using gel filtration 

allowed to conclude that the chemotactic characteristic of monocytes was due to a 

basic protein with a molecular mass of about 10 kDa that had no structural similarity 

to IL-1, TNF or plasminogen activator (YOSHIMURA et al., 1987a). In 1987 this 

protein was purified for the first time, making research on this presumption possible 

(YOSHIMURA et al., 1987b). 

The novel protein was first called monocyte-derived chemotactic factor (MDNCF). 

Later on, other names were used such as MONAP for monocyte derived NAP, NAF 

for neutrophil activating factor and IL-8 (BAGGIOLINI et al., 1989). Currently, it is 

called CXCL8 due to its structure, but IL-8 is still a valid name. 

 

2.2. CXCL8-classification and structure 

 

Cytokines are defined as all proteins produced and released by cells that change the 

behavior of adjacent cells expressing the proper receptors (LICHTMAN et al., 2010). 

Most of them are denominated interleukins, as they were initially thought to be 

produced only by leucocytes. As they have been gradually discovered, each new 

interleukin has been classified with a different number in order of novelty (LICHTMAN 

et al., 2010). Nevertheless, due to an increasingly expanding knowledge about their 
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structure, origin and mechanisms of action this nomenclature has become obsolete 

and confusing. For this reason interleukins are being constantly renamed trying to 

simplify its original classification (JANEWAY, 2008). However, the initial names are 

often still used and IL-8, now called CXCL8, is such an example. 

CXCL8 is one of the most representative chemotactic cytokines (BAGGIOLINI et al., 

1994). This type of cytokines are called chemokines due to their ability to induce 

specific cells to migrate out of the blood vessels into infected tissue (BAGGIOLINI et 

al., 1994). Chemokines can be subdivided in two groups depending on the special 

arrangement of their first two of four cysteines. This aspect determines their binding 

receptors on specific cell types and hereby their function. CXCL8 is part of the CXC 

group, in which the two first cysteines are separated by one amino acid. CXC 

chemokines bind to CXC receptors, acting mainly on neutrophil leucocytes. The 

systematic chemokine name is followed by an “L” for “ligand” and the number used in 

the corresponding gene nomenclature (BAGGIOLINI et al., 1994; JANEWAY, 2008). 

Human CXCL8 is generated as a 99-amino acid precursor with a characteristic 

leader sequence of 22 amino acids. Mature CXCL8 is processed at the N-terminus 

yielding biologically active variants with 77, 72, 70 and 69 amino acids, being the 

predominant variant the one consisting of 72 amino acids (BAGGIOLINI et al., 1992; 

MUKAIDA, 2003). The N-terminal truncation, as well as the disulfide bridges formed 

from the first to the third and the second to the fourth cysteine, enhance the biological 

activity of CXCL8 towards neutrophils. The three-dimensional structure of CXCL8 is a 

short, conformationally disordered N-terminal sequence that is linked by disulfide 

bridges to a core structure made of three antiparallel ß-strands, followed by a 

prominent C-terminal α-Helix (BAGGIOLINI et al., 1992, 1994). 

Besides the classification according to the arrangement of their cysteine residues, 

CXC chemokines are also segregated in two groups due to a second structural 

domain called ELR motif (JANEWAY, 2008). This term refers to a specific sequence 

of the last three amino acids of the N-terminus which precede the first cysteine 

residue of the primary CXC structure. When the amino acid sequence is Glu-Leu-Arg 

the chemokine is considered ELR+. Chemokines lacking these specific three amino 

acid sequence are classified as ELR- (BELPERIO et al., 2000; MUKAIDA, 2003; 
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JANEWAY, 2008). CXCL8 is part of the ELR+ CXC chemokines, being the presence 

of the ELR motif extremely important for the angiogenic and chemoattractant activity 

(STRIETER et al., 1995; ADDISON et al., 2000; BELPERIO et al., 2000). 

 

2.3. Producing cells and regulation of CXCL8-gene expression 

 

CXCL8 was initially identified in a medium of human blood monocytes cultured in the 

presence of endotoxin (LPS), phorbol esters or lectins (YOSHIMURA et al., 1987b). 

Further studies demonstrated that many other cells have the ability to produce this 

chemokine when appropriately stimulated (BAGGIOLINI et al., 1992). The expression 

of CXCL8 mRNA and the release of the biologically active chemokine has been 

observed in endothelial cells, fibroblasts, keratinocytes, synovial cells, chondrocytes, 

several types of epithelial cells, tumor cells and neutrophils (BAGGIOLINI et al., 

1992; MUKAIDA, 2003; JANEWAY, 2008). 

In general chemokines are not produced in advance nor stored until needed 

(JANEWAY, 2008; LICHTMAN et al., 2010). Their production is always initiated by 

enhancing gene transcription after cell stimulation. This active transcription as well as 

the chemokine synthesis is transient and the expression occurs rapidly after 

adequate stimuli (LICHTMAN et al., 2010). Specific mRNA has been detected one 

hour after stimulation, although maximum levels are reached after almost six hours 

(BAGGIOLINI et al., 1989). Yet, high levels can be long lasting and detectable for 

several hours and even days (BAGGIOLINI et al., 1989; GALLEY et al., 1998; 

RAGHUPATHY et al., 1998; ENGEL et al., 1999). 

The ability of the mentioned cells to express and release CXCL8 depends on a 

proper stimulus. IL-1 and TNF are the most important stimuli, since they were found 

to induce CXCL8 expression and secretion in all cells studied so far (BAGGIOLINI et 

al., 1992; MUKAIDA, 2003). Nevertheless, CXCL8 production can also be induced by 

bacteria, bacterial products like LPS, viruses and viral products (JANEWAY, 2008). 

Monocytes and macrophages are also able to generate CXCL8 upon stimulation with 

IL-1α, IL-1β, TNF-β, IL-3, GMCSF, endotoxin, lectins, phorbol esters and immune 

complexes (BAGGIOLINI et al., 1992; MUKAIDA, 2003). Furthermore, environmental 
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factors like hypoxic conditions induce several types of cells, especially tumor cells, to 

produce high levels of CXCL8 (SHI et al., 2001). Because CXCL8 has potent 

angiogenic activities, hypoxic conditions may induce neovascularization by inducing 

the production of CXCL8 (SHI et al., 2001; MUKAIDA, 2003). 

 

2.4. CXCL8 receptors 

 

It was shown that neutrophils remain responsive to CXCL8 even after stimulation 

with other neutrophil chemoattractant proteins like C5a, platelet activating factor 

(PAF) and lymphotoxin beta (LTB) among others (BAGGIOLINI et al., 1994). 

Additionally, CXCL8 was not found to desensitize neutrophils towards other 

chemotactic mediators, suggesting the existence of CXCL8 specific receptors. These 

receptors were demonstrated by several binding studies with human neutrophils and 

myeloid cell lines, showing that CXCL8 coupled to guanosine triphosphate (GTP)-

binding proteins (BAGGIOLINI et al., 1994). 

All chemokine receptors are seven-transmembrane-domain rhodopsin-like G protein-

coupled receptors (GPCR). The rhodopsin-like GPCRs themselves represent a 

widespread protein family that includes hormones, neurotransmitters and light 

receptors, all of which transduce extracellular signals through interaction with 

guanine nucleotide-binding (G) proteins. Although their activating ligands vary widely 

in structure and character, the amino acid sequences of the receptors are very 

similar, adopting a common structural framework comprising 7 transmembrane 

helices (ADDISON et al., 2000; LÖFFLER, 2007). 

All GPCRs bind to a G-protein heterotrimer that consists of three subunits called α, β 

and γ. Additionally, G protein complexes bind to phosphate groups in their α-subunit, 

which define the receptors stage. When they are attached to a complex with two 

phosphate groups, guanosine diphosphate (GDP), the receptor is inactive. When 

they couple to their specific ligand GDP is exchanged for GTP and the receptor is 

activated. The exchange triggers the dissociation of the Gα subunit, bound to GTP, 
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from the Gβγ dimer and the receptor. Both Gα-GTP and Gβγ can then activate different 

effector proteins, which are responsible for the biological activity (LÖFFLER, 2007). 

The Gα subunit will eventually hydrolyze the attached GTP to GDP by its inherent 

enzymatic activity, allowing it to re-associate with Gβγ and start a new cycle. 

Furthermore, a group of proteins called RBMs, or RGSs, act as GTPase-activating 

proteins (GAPs) specific for Gα subunits. These proteins act to accelerate hydrolysis 

of GTP to GDP and terminate the transduced signal. In some cases, the effector 

itself may possess intrinsic GAP activity, which helps to deactivate the pathway 

(MUKAIDA, 2003; LÖFFLER, 2007). 

The chemokine GPCRs are proteins that range in size from 339 to 373 amino acids 

and present a 25 to 80% homology among each other (ADDISON et al., 2000). 

Currently six CXC receptors are known in humans and two of them are binding 

receptors for CXCL8 (LICHTMAN et al., 2010). These two receptors bind CXCL8 with 

high affinity and are called CXCR1, or IL-8Rα due to its human gene, and CXCR2 

(IL-8Rβ) (ADDISON et al., 2000; MUKAIDA, 2003). These receptors have a very 

similar structure, being in 78% identical to each other on the amino acid level. Their 

main divergence lies between the two proteins located in the amino terminus, the 

carboxyl terminus, and the second extracellular loop, which plays an important role in 

the chemokine binding selectivity (ADDISON et al., 2000). CXCR2 shows less 

selectivity, as it binds all of the ELR+ chemokines, while CXCR1 only binds CXCL8 

and GCP-2 (ADDISON et al., 2000; BELPERIO et al., 2000). Further studies 

demonstrated that this difference in selectivity defines the function of each receptor. 

Since CXCR1 is highly selective, binding almost only CXCL8, its restricted role in 

inflammation is clear. However, CXCL8 and all ELR+ CXC chemokines have also an 

important angiogenic effect, which finally could be related to CXCR2 due to its ability 

to bind all ELR+ CXC chemokines (BELPERIO et al., 2000; STRIETER et al., 2004; 

SCHRUEFER et al., 2005). In absence of inflammation CXCL8 binds to CXCR2 of 

endothelial cells inducing angiogenesis (ADDISON et al., 2000).  

Regarding the binding receptors for CXCL8 in dogs only CXCR2 has been reported 

in canines (CHANG et al., 1999). 
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2.5. Biological properties of CXCL8 

 

CXCL8 is defined as a pro-inflammatory and angiogenic chemokine. It is a highly 

selective chemokine, being its activity almost restricted to neutrophil leucocytes 

(BAGGIOLINI et al., 1992). There are some reports about borderline effects on 

basophiles (DAHINDEN et al., 1989; KRIEGER et al., 1992; VALENT and 

DAHINDEN, 2010), eosinophils (SCHRODER et al., 1987; ROT et al., 1992) and 

lymphocytes (WILKINSON and NEWMAN, 1992; TAUB et al., 1996), but they show 

no outstanding relevance. CXCL8 can be described as a neutrophil chemoattractant, 

since it induces the full pattern of responses of chemotactically stimulated 

neutrophils. These responses include the cellular change of shape, transient rise of 

intracellular free calcium concentrations, activation of the motile apparatus and 

directional migration, exocytosis, up-regulation of adhesion proteins, formation of 

bioactive lipids and respiratory burst (BAGGIOLINI et al., 1989; MITSUYAMA et al., 

1994; MUKAIDA, 2003; JANEWAY, 2008). 

The cellular change of shape is given by the activation of the contractile system and 

enables the neutrophils to adhere to the endothelial cells and migrate. A rise in the 

intracellular calcium is fundamental for this, acting as a second messenger that 

allows cellular motility (LÖFFLER, 2007; JANEWAY, 2008). The increase in the 

intracellular calcium levels is normally induced by many stimuli that activate the 

phospholipase-C pathway through different receptors. In this case the involved 

receptors are G protein-coupled receptors (CXCR) (LÖFFLER, 2007; JANEWAY, 

2008). 

Exocytosis leads to the release of storage proteins and the remodeling of the 

neutrophil plasma by fusion with the storage organelles. The surface membrane 

remodeling occurring during the exocytosis leads to the expression of adhesion 

molecules like CD11b/CD18, CD11c/CD18 and complement receptor type one. This 

up-regulation enhances the ability of neutrophils to adhere to the endothelial cells, 

migrate into the infected tissue and destroy pathogens or damaged cells by 

phagocytosis and the respiratory burst (MITSUYAMA et al., 1994; LÖFFLER, 2007; 

JANEWAY, 2008). CXCL8 induces a rapid and transient activation of the NADPH-
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oxidase, leading to superoxide and hydrogen peroxide formation. Nevertheless, its 

intensity and duration is weaker than the respiratory burst enhanced by other 

chemokines (BAGGIOLINI et al., 1992). 

 

Besides its vital function in inflammation, CXCL8 plays an important role in 

angiogenesis (STRIETER et al., 1992, 1995; KOCH et al., 1992; ADDISON et al., 

2000; BELPERIO et al., 2000). This refers to the neoformation of blood vessels, an 

essential biological process encountered in a number of physiological events such as 

embryonic development, formation of inflammatory granulation tissue during wound 

healing and female menstrual cycle (STRIETER et al., 2004). Nevertheless, 

angiogenesis has a fundamental role in pathological processes like chronic 

inflammation and tumor growth (STRIETER et al., 2004).  

During angiogenesis, inactive endothelial cells are stimulated to degrade their 

basement membrane and proximal extracellular matrix, migrate directionally, divide, 

and organize into new functioning capillaries (STRIETER et al., 2004). Normally, the 

termination of angiogenesis is abrupt due to a marked reduction in angiogenic 

mediators coupled with a simultaneous increase in the level of angiostatic factors that 

inhibit new vessel growth. Pathologic processes instead are associated with 

exaggerated angiogenesis, suggesting the existence of elevated angiogenic and 

reduced angiostatic mediators (STRIETER et al., 1995, 2004). 

ELR+ CXC chemokines behave as angiogenic factors, while ELR- CXC chemokines 

are potent inhibitors of angiogenesis, creating a regulation system of angiogenesis 

under both physiological and pathological conditions (STRIETER et al., 1995; 

ADDISON et al., 2000; BELPERIO et al., 2000). The angiogenic effect is only given 

in absence of preceding inflammation, since the angiogenic function of CXC 

chemokines differs from the ability to induce inflammation (STRIETER et al., 1995). 

When acting as an angiogenic stimulating chemokine, CXCL8 promotes proliferation 

and chemotaxis of endothelial cells, as well as the up-regulation of endothelial matrix 

metalloproteinase-2 and -9. These are necessary for the proteolytic modifications of 

basement membranes and extracellular matrices during angiogenesis (STRIETER et 

al., 2004). CXCL8 not only enhances endothelial cell proliferation, but also inhibits 
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their apoptosis, increasing even more the amount of endothelial cells and herewith 

the number of blood vessels (STRIETER et al., 2004; SCHRUEFER et al., 2005). 

 

2.6. Pathophysiological importance of CXCL8 in humans 

 

The pathophysiological role of CXCL8 is due to its pro-inflammatory as well as 

angiogenic effects.  

 

2.6.1. Inflammatory diseases 

 

The ability to attract and activate neutrophils qualified CXCL8 from the beginning as 

an inflammatory mediator and a potential pathogenic factor (BAGGIOLINI et al., 

1989; HACK et al., 1992; MUKAIDA, 2003). Although inflammation is an essential 

mechanism to fight abnormal situations that harm the body, it also has negative 

consequences for the host, especially when the normal down-regulation mechanisms 

of inflammation fail. CXCL8 is expected to be augmented in infection, ischemia, 

trauma and other disturbances of tissue homeostasis. This up-regulated expression 

enhances neutrophil migration to the damaged tissue in order to attack the infected 

cells through enzyme release and the respiratory burst (BAGGIOLINI et al., 1992; 

GANGUR et al., 2002; MUKAIDA, 2003). Even though this is an important defense 

mechanism, host cells are also damaged during this process. This is a major problem 

if not controlled properly, converting CXCL8 in an important factor in the 

pathogenesis of many diseases (OTTO, 2007). 

A local and systemic increase of CXCL8 has been found in several diseases, 

regardless of the affected organ. Although the source of systemic CXCL8 is unclear 

and does not necessarily correlate with its local expression (DONNELLY et al., 1993; 

HOLLANDER et al., 2007), systemic CXCL8 has often been shown to correlate with 

the presence of disease and disease activity (KANEKO et al., 2000; PIZZO et al., 

2002; KONNO et al., 2003, TAMURA et al., 2013). Since its raise in peripheral blood 

is highly dynamic, it provides relevant information about the actual state of a 
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pathologic event within the body (MARTICH et al., 1991; PEZZILLI et al., 1995; 

POLYAK et al., 2001; ARICAN et al., 2005; SILVESTRI et al., 2006). 

CXCL8 is first secreted approximately 6 hours and then 20 hours after a harmful 

stimuli has occurred (GALLEY et al., 1998). Nevertheless, its increase is transient 

and can change considerably very fast (MARTICH et al., 1991; ABE et al., 1993; 

ENGEL et al., 1999). A raise of serum CXCL8 has been detected through ELISA in 

the first four days of viral diseases, reaching its maximum after five to eight days 

(RAGHUPATHY et al., 1998). It has also shown to be a good predictor of acute 

pancreatitis and myocardial infarction when tested in the first 22 and 24 hours of the 

onset of clinical signs, respectively (ABE et al., 1993; PEZZILLI et al., 1995). 

Consequently, the concentrations of serum CXCL8 would be expected to be different 

among acute and chronic patients. In psoriatic patients for example, plasma CXCL8 

values were significantly higher in patients with acute than with chronic disease 

(PIETRZAK et al., 2000). Instead, patients with renal failure showed similar serum 

CXCL8 values regardless of an acute or chronic stage of the disease (NAKANISHI et 

al., 1994). 

Since CXCL8 is only a small part of the immune response, it has been proposed that 

the CXCL8 stimulation also differs according to the etiology of the disease 

(RAMPART et al., 1992). A study by MARTY et al. (1994) using ELISA stated that 

non-septic patients had lower plasma CXCL8 values than septic patients, regardless 

of their outcome (MARTY et al., 1994). ENGEL et al. (1999) made an even more 

detailed distinction, concluding that serum CXCL8 levels are significantly higher in 

the presence of gram-negative compared to gram-positive bacteremia (ENGEL et al., 

1999). However, its increase has often been found in patients with severe clinical 

signs, multiple organ failure, poor prognosis and a bad patients outcome, being 

unclear if high CXCL8 levels are the cause or the consequence of the unfavorable 

course of disease (MARTICH et al., 1991; HACK et al., 1992; PEZZILLI et al., 1995; 

RAGHUPATHY et al., 1998; SIMMONS et al., 2004; BOZZA et al., 2007). Although 

many studies have similar findings, in some cases no association to disease severity 

or even a positive effect of CXCL8 was found (MARTY et al., 1994; KANEKO et al., 
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2000; PIZZO et al., 2002). Also studies on animals have found such a positive effect 

(DE BRUIN et al., 2005; DECLUE et al., 2012; FOSTER et al., 2014).  

 

2.6.1.1. Pulmonary diseases 

 

Many pathologic processes occurring within the lungs are associated with a marked 

increase of neutrophils in the affected area, being this one of the main reasons for 

vast tissue damage (MUKAIDA 2003). Since CXCL8 is considered a potent 

neutrophil chemotactic and activating factor, its role in pulmonary diseases was 

strongly suspected (MUKAIDA 2003; SILVESTRI et al., 2006).  

Animal model studies in mice and rabbits concluded that pulmonary CXCL8 

expression is stimulated by most bacteria and viruses that compromise the lungs, as 

well as by non-infectious causes such as trauma, hypoxia, allergens, toxins and 

drugs (MUKAIDA 2003). These events themselves are mostly just triggering factors 

that induce through CXCL8 a neutrophil migration and activation, which is the primal 

source of tissue damage. This is supported by the fact that CXCL8 inhibitors 

markedly decreased the tissue damage during pulmonary diseases (MUKAIDA 

2003). Similar results have been found in humans with pulmonary diseases like acute 

respiratory distress syndrome (ARDS) (DONNELLY et al., 1993), chronic obstructive 

pulmonary disease (COPD) (HOLLANDER et al., 2007), idiopathic pulmonary fibrosis 

(IPF) (ZIEGENHAGEN et al., 1998) and asthma (ORDONEZ et al., 2000; SILVESTRI 

et al., 2006). Most of these studies measured CXCL8 concentrations in 

bronchioalveolar lavage fluid (BALF), tracheal aspirates and serum using 

commercially available ELISA kits. CXCL8 was found to be strongly increased in the 

BALF of patients with pulmonary diseases and to correlate with neutrophil infiltration 

within the lungs and disease severity (DONNELLY et al., 1993; ZIEGENHAGEN et 

al., 1998; ORDONEZ et al., 2000; HOLLANDER et al., 2007). Regarding serum 

CXCL8 levels in pulmonary diseases results are controversial. Whereas some 

authors consider that serum CXCL8 is a good marker to predict the extent of ongoing 

pulmonary changes (ZIEGENHAGEN et al., 1998; SILVESTRI et al., 2006) other 
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authors suggest that only CXCL8 in BALF reflects adequately pulmonary lesions 

(DONNELLY et al., 1993; HOLLANDER et al., 2007). 

 

2.6.1.2. Inflammatory joint diseases 

 

Inflammatory joint diseases are characterized by the elicitation and activation of 

leucocyte populations within both the synovial space and the joint tissue. The 

recruited leucocytes have been demonstrated to play an instrumental role in synovial 

cell proliferation, pannus formation and bone erosion, leading to loss of physical 

mobility and dexterity (KUNKEL et al., 1996). Additionally, angiogenesis is 

increasingly being recognized for its role in promoting the pathogenesis of chronic 

inflammatory joint disorders, since the unrestrained proliferation of fibroblasts and 

capillary blood vessels leads to the formation of pannus and destruction of joint 

spaces (KOCH et al., 1992; BELPERIO et al., 2000). 

Several studies state that CXCL8 is involved in inflammatory processes within the 

joints as it is increased in synovial fluid of patients with rheumatoid arthritis (RA) and 

non-RA joint diseases like psoriatic arthritis, osteoarthritis and gonococcal arthritis 

(BRENNAN et al., 1990; RAMPART et al., 1992; KANEKO et al., 2000). Through the 

mRNA analysis in culture systems it was proved that CXCL8 can be released by 

synovial cells such as monocytes, chondrocytes, fibroblasts and endothelial cells 

after stimulation with IL-1, TNF, immune-complexes, endotoxin, bacteria and viruses 

(BRENNAN et al., 1990; RAMPART et al., 1992; BAGGIOLINI et al., 1992; KUNKEL 

et al., 1996). Although all analyzed joint diseases show a higher CXCL8 production 

compared to healthy controls, synovial CXCL8 values appear to be higher in patients 

with RA arthritis than with non-RA processes, indicating that the molecular 

mechanisms vary according to the type of articular disease (RAMPART et al., 1992; 

KUNKEL et al., 1996; KANEKO et al., 2000). A study by KANEKO et al. (2000) using 

chemiluminescence ELISA, demonstrated that CXCL8 is not only increased in the 

synovial fluid but also in the serum of patients with RA and osteoarthritis. Moreover, 

CXCL8 decreased in both after therapy (KANEKO et al., 2000). 
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2.6.1.3. Inflammatory bowel disease (IBD) 

 

IBD is a group of similar chronic inflammatory autoimmune diseases affecting any 

part of the intestines, causing recurrent gastrointestinal symptoms such as diarrhea, 

hematochezia and abdominal pain (ATREYA and NEURATH, 2010). Although there 

are different types of IBD, they are often characterized by an increased number of 

macrophages, IFN-α, IL-1 and strong neutrophil infiltration (SCHWIEBERT, 2005; 

ATREYA and NEURATH, 2010). Thus, a role of CXCL8 in IBD was feasible. 

The evaluation of CXCL8 in homogenates of colonic biopsies of patients with 

ulcerative colitis and Crohn´s disease presented increased CXCL8 amounts, being 

these dependent on the phase of the disease more than on the IBD type. Only 

patients in an active phase of the disease had significantly higher values than 

patients with IBD-unrelated colitis and healthy controls. Furthermore, CXCL8 levels 

correlated with neutrophil infiltration and the expression of other cytokines such as IL-

1 and TNFα (MITSUYAMA et al., 1994; ATREYA and NEURATH, 2010). Serum 

CXCL8 concentrations analyzed by MITSUYAMA et al. (1994) were often not 

measurable and did not show a significant difference among the diverse IBD patients 

(MITSUYAMA et al., 1994). 

 

2.6.1.4. Acute Pancreatitis 

 

Acute pancreatitis is a sudden inflammation of the pancreas as consequence of an 

abnormal inhibition of secretion and activation of zymogens in the pancreatic tissue. 

Yet, the exact etiology and physiopathology of the disease are not fully understood 

(ANDOH et al., 2000; POORAN et al., 2003).  

In vitro and in vivo studies using ELISA, northern blotting and nuclear run-on assays 

revealed that pancreatic preacinar and acinar cells are capable of synthesizing and 

secreting CXCL8 among other inflammatory mediators in response to IL-1β and 

TNFα stimulation (ANDOH et al., 2000). Consequently, a recruitment of neutrophils 

to the pancreas occurs, leading to inflammation and secondary manifestations like 

hypovolemia, acute respiratory distress syndrome, disseminated intravascular 

https://en.wikipedia.org/wiki/Pancreas
https://en.wikipedia.org/wiki/Zymogens
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coagulopathy, renal failure, cardiovascular failure and gastrointestinal hemorrhage 

(PEZZILLI et al., 1995; OSMAN et al., 2002). 

CXCL8 is also significantly increased in blood of humans and rabbits with acute 

pancreatitis and has shown to be a good predictor of disease severity (PEZZILLI et 

al., 1995; OSMAN et al., 2002; POORAN et al., 2003). Systemic CXCL8 is probably 

produced in the pancreas reaching the bloodstream through the vast vascularity of 

the region and is thought to be responsible for the tissue damage and systemic 

manifestations during severe acute pancreatitis (OSMAN et al., 2002).  

 

2.6.1.5. Hepatic diseases 

 

Hepatic lesions have multiple etiologies, all of them causing an inflammatory reaction 

and tissue damage that is mediated by several cytokines that are produced by 

diverse cells in the liver (RAMADORI, 2008). CXCL8 in particular is produced by 

hepatocytes, sinusoidal endothelial cells, Kupffer cells, hepatic stellate cells, as well 

as by resident and recruited macrophages (RAMADORI, 2008). Elevated amounts of 

CXCL8 can induce liver injury either by acting directly on the liver cells or by 

attracting extrahepatic cells, being neutrophils present in most inflammatory infiltrates 

of liver diseases (RAMADORI, 2008).  

A systemic increase of CXCL8 has been stated in various liver conditions such as 

hepatitis B (YAN et al., 1999) and C (POLYAK et al., 2001), alcoholic hepatitis and 

liver cirrhosis (FUJIMOTO et al., 2000). In all these studies serum CXCL8 increased 

with disease exacerbation and decreased when the condition of the patient improved. 

Interestingly, in most cases there was no correlation between serum CXCL8 and 

routine laboratory parameters used to analyze the liver function (HACK et al., 1992; 

FUJIMOTO et al., 2000; POLYAK et al., 2001).  
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2.6.1.6. Renal failure 

 

Renal failure has multiple causes. However, its development is due to a sudden 

transient drop in total or regional blood flow to the kidneys. Ischemia is followed by 

tissue reperfusion, leading to inflow of inflammatory cells and cytokines into the renal 

tissue (BONVENTRE and ZUK, 2004). Among other inflammatory cells, neutrophils 

are increased soon after ischemia, inducing tissue damage through the release of 

enzymes and nitric oxid. Although neutrophils are not the only cells involved, it has 

been shown that the prevention of neutrophil accumulation ameliorates tissue injury 

(BONVENTRE and ZUK, 2004). In addition to the cell and cytokine influx, studies 

based on animal models and cell cultures have proved that glomerular, mesangial 

and proximal tubular cells produce CXCL8 and other cytokines after stimulation with 

LPS, IL-1 and TNFα (BROWN et al., 1991; TASHIRO et al., 2000; BONVENTRE and 

ZUK, 2004).  

Serum CXCL8 immunoassay analysis of patients in different stages of renal failure 

revealed its systemic increase and a positive correlation with uremia and peritoneal 

dialysis. Of all groups, patients in a uremic state or with peritonitis due to dialysis had 

the highest values, indicating the importance of this chemokine in inflammatory 

reactions (NAKANISHI et al., 1994). Even though CXCL8 is considered to be 

important mainly during the acute phase of inflammation, a study by SIMMONS et al. 

(2004) using ELISA concluded that plasma CXCL8 is increased similarly in patients 

with acute and chronic renal failure and that its increase is dependent on the disease 

severity rather than on the time the patient has been sick (SIMMONS et al., 2004). 

Beside its analysis in blood, CXCL8 can also be detected through ELISA in urine of 

patients with renal injury as a consequence of type 2 diabetic nephropathy 

(TASHIRO et al., 2000). In a study by TASHIRO et al. (2000) CXCL8 was elevated in 

urine in the first stages of disease but decreased when renal injury was severe 

(TASHIRO et al., 2000). Thus, urine CXCL8 may be useful for the evaluation of the 

degree of renal injury (TASHIRO et al., 2000). 
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2.6.1.7. Sepsis 

 

Sepsis is a clinical syndrome induced by severe bacterial infection causing an 

excessive host response to the invading microorganisms and their products. This 

results in the activation of endogenous inflammatory mediators, such as neutrophils, 

plasma cascade systems and cytokines (HACK et al., 1992; OTTO, 2007). CXCL8 is 

suspected to play a major role in sepsis as it is increased in the blood of animals 

undergoing experimental endotoxemia, sepsis or intravenous injection of IL-1α and 

TNFα (HACK et al., 1992). However when analyzing CXCL8 in blood of human 

patients with naturally occurring sepsis, results are varied. Although most studies 

concluded that CXCL8 is increased in septic patients, some state that it is highest in 

septic shock, multiple organ failure and non-survivors (HACK et al., 1992; BOZZA et 

al., 2007), whereas others had opposite results (MARTICH et al., 1991). Additionally, 

a study by MARTY et al. (1994) using ELISA suggested that plasma CXCL8 levels 

depend on the cause rather than on the severity of disease, since patients with organ 

failure had higher values in the presence of sepsis compared to absence of sepsis 

(MARTY et al., 1994). Furthermore, it was stated by the same authors that the effect 

of CXCL8 depends on its concentration in blood. Ibuprofen application in humans 

induced a CXCL8 increase that was five times less than in sepsis and led to an 

improvement of the symptoms, suggesting that the negative effect of CXCL8 is a 

matter of exacerbation. Thus, when used adequately cyclooxygenase-inhibitors could 

help improving the patient’s condition by inducing CXCL8 production (MARTY et al., 

1994). However, although it is tempting to speculate that there is a direct correlation 

between cytokine concentrations and the pathophysiology of organ injury, disease 

severity cannot be attributed to a particular cytokine. Moreover, the source and the 

reason for the elevation of cytokines is still not fully understood. Thus, it is possible 

that they increase simply as markers of tissue damage, without playing a direct role 

(BOZZA et al., 2007). 
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2.6.1.8. Ischemia-reperfusion injury 

 

Reperfusion injury occurring after transient ischemia causes greater damage than the 

ischemia itself and is frequently observed in infarction, organ torsion and transplants 

(MATSUMOTO et al., 1997). Reinstatement of blood flow goes along with a vast 

migration of inflammatory mediators, mainly neutrophils that are attracted by CXCL8. 

Arriving neutrophils generate reactive oxygen intermediates such as hydrochloric 

acid and hydrogen oxide that damage the nucleic acids, membrane lipids, enzymes 

and receptors of the affected tissue (MUKAIDA, 2003).  

CXCL8 is produced massively by infiltrating cells and tissue resident cells when 

blood flow is reperfused, increasing the neutrophil migration and consequent cell 

injury (MATSUMOTO et al., 1997; MUKAIDA, 2003). In vivo studies on CXCL8 

expression in rabbit brains (MATSUMOTO et al., 1997) and in canine (KUKIELKA et 

al., 1995) and human hearts (KAWAMURA et al., 1993) demonstrated that CXCL8 

production is little during the ischemic period but increases strongly after reperfusion. 

The same was observed for infiltrating neutrophils and it was proven that their 

adhesion resulted in direct cytotoxicity (KAWAMURA et al., 1993; KUKIELKA et al., 

1995). The administration of neutralizing anti-CXCL8 antibodies prevented neutrophil 

infiltration, tissue damage and reperfusion-induced vascular dysfunction, indicating 

the importance of this chemokine during this process (KAWAMURA et al., 1993; 

KUKIELKA et al., 1995; MUKAIDA 2003). However, CXCL8 was only found to be 

elevated locally and not in the plasma of affected subjects (MATSUMOTO et al., 

1997).  

 

2.6.2. Angiogenesis linked diseases 

 

CXCL8 has been shown to exert direct angiogenic effects on epithelial cells in vivo 

and in vitro (KOCH et al., 1992; HU et al., 1993; STRIETER et al., 1995; 

HEIDEMANN et al., 2003), being more pronounced on microvascular compared with 

macrovascular endothelial cells (HEIDEMANN et al., 2003). CXCL8 exerts a direct 

angiogenic function by promoting proliferation and chemotaxis of endothelial cells 
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and inhibiting its apoptosis (SCHRUEFER et al., 2005). Furthermore, it elicits 

angiogenic responses by engaging CXCR2, a receptor targeted by multiple 

angiogenic ELR+CXC chemokines (ADDISON et al., 2000). CXCR2 plays a major 

role in tumorigenesis and metastasis, being its signaling pathways essential for cell 

proliferation, migration, and survival (HEIDEMANN et al., 2003; RAMAN et al., 2007). 

As a chemoattractant for leucocytes CXCL8 also has an indirect angiogenic effect, 

since recruited inflammatory cells can enhance angiogenesis by secreting several 

cytokines such as TNF-α (YUAN et al., 2005).  

 

The expression of CXCL8 has been found to be associated with diseases involving 

uncontrolled or abnormal angiogenesis like rheumatoid arthritis, psoriasis, idiopathic 

pulmonary fibrosis and neoplasias (KOCH et al., 1992; STRIETER et al., 1995; 

BELPERIO et al., 2000). Although angiogenesis is an essential biological mechanism 

taking place during multiple processes such as wound healing, menstrual cycle and 

embryonic development, it also plays a fundamental role in pathological processes 

such as chronic inflammation and tumor growth (ADDISON et al., 2000; BELPERIO 

et al., 2000; STRIETER et al., 2004; RAMAN et al., 2007). These processes are 

associated with exaggerated angiogenesis, suggesting the presence of elevated 

angiogenic and reduced angiostatic mediators (STRIETER et al., 1992, 1995; 

BELPERIO et al., 2000).  

Angiogenesis is increasingly being recognized for its role in promoting the 

pathogenesis of chronic inflammatory joint disorders, since the unrestrained 

proliferation of fibroblasts and capillary blood vessels leads to the formation of 

pannus and destruction of joint spaces (KOCH et al., 1992; BELPERIO et al., 2000). 

Moreover, angiogenesis is fundamental part of the pathomechanism of the chronic 

autoimmune skin disorder psoriasis. In this case a combined defect in the over-

expression of CXCL8 and a deficiency in the production of angiostatic factors leads 

to a marked dermal neovascularization with a consequent increase of the epidermal 

turnover (BELPERIO et al., 2000; PIETRZAK et al., 2000; ARICAN et al., 2005). 

CXCL8 has been found to be elevated at a local and systemic level in these diseases 

and to be related to the occurring neovascularization (RAMPART et al., 1992; 
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PIETRZAK et al., 2000; KANEKO et al., 2000; ARICAN et al., 2005). Although 

CXCL8 mediated angiogenesis is gaining importance in these type of diseases, 

research has been mainly focused on its role in tumorigenesis. 

 

2.6.2.1. Role of CXCL8 in neoplastic diseases 

 

Tumorigenesis is a complex process consisting of cellular neoplastic transformation, 

resistance to apoptosis, autonomous growth signaling, emergence of a broad 

vascular supply, evasion of immunologic surveillance and the acquisition of 

metastatic properties (RAMAN et al., 2007). Although the precise cause and 

mechanism for the onset of these events is not completely understood, it is clear that 

soluble factors in the tumoral environment are critical determinants of many of these 

neoplastic processes. Even though multiple substances are implicated in the 

regulation of tumorigenesis, CXC ELR+ chemokines, specially CXCL8 and its 

receptors, seem to be important for the development and progression of numerous 

malignancies (KOCH et al., 1992; SMITH et al., 1994; STRIETER et al., 1995; YUAN 

et al. 2005; KIM et al., 2014) 

KOCH et al. (1992) were one of the first to show that CXCL8 derived from 

macrophages and monocytes had an angiogenic effect in rat cornea models and 

could induce proliferation and chemotaxis of human umbilical vein endothelial cells. 

The involvement of CXCL8 in tumor angiogenesis was first demonstrated by SMITH 

et al. (1994) by showing that the inhibition of CXCL8 attenuates angiogenesis in 

bronchogenic carcinoma. 

 

2.6.2.1.1. Intratumoral CXCL8 expression 

 

Although CXCL8 is produced by many cells in the body, the tumorigenic effect of 

CXCL8 is mainly based on the intratumoral expression of this chemokine and its 

receptors (YUAN et al., 2005; RAMAN et al., 2007). The induction of CXCL8 

signaling seems to be an adaptive response of cancer cells that is used to withstand 

environmental or chemical stresses. Cell stress such as hypoxia, acidosis, nitric 
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oxide, cell density and other cytokines have significant influence on CXCL8 

expression in human cancer (DESBAILLETS et al., 1995; SHI et al., 2001). It has 

also been observed that CXCL8 is predominantly expressed in the tumor cells 

surrounding necrotic areas (SINGH and VARNEY, 1998; XIONG et al., 2001; 

RAMAN et al., 2007; KIM et al., 2014). Apart from local factors, gene aberrations that 

generate cancer show a higher expression of CXCL8 mRNA (YUAN et al., 2005). 

Tumor associated CXCL8 expression has been found in human melanoma 

(ZACHARIAE et al., 1991; SCHEIBENBOGEN et al., 1995; NÜRNBERG et al., 

1999), breast (GREEN et al., 1997; DE LARCO et al., 2004), colon (BREW et al., 

2000), gastric (KONNO et al., 2003), ovarian (LEE et al., 2000; LOKSHIN et al., 

2006), prostate (VELTRI et al., 1999) pancreatic (LE et al., 2000; XIONG et al., 2001) 

and lung (SMITH et al., 1994; COLLINS et al., 2000) cancer among others. These 

tumors are characterized by deregulated CXCL8 production and an abnormal CXCL8 

receptor expression and signaling in tumor and micro-environmental stroma cells 

(ZACHARIAE et al., 1991; GREEN et al., 1997; BREW et al., 2000). Furthermore, 

highly metastatic tumor cells have been shown to produce more CXCL8 than their 

poorly metastatic counterparts (GREEN et al., 1997; DE LARCO et al., 2004). 

 

2.6.2.1.2. CXCL8 effects on tumors 

 

Although a direct correlation between CXCL8 secretion, tumor vascularity, growth 

and metastatic potential has been stated in several in vitro and in vivo studies in mice 

and human cancer, the exact mechanisms are not fully understood (BALKWILL, 

2003; DE LARCO et al., 2004; YUAN et al. 2005; RAMAN et al., 2007). CXCL8 is 

thought to play at least five roles in the biology of primary and metastatic cancers: 

Control leucocyte infiltrate into tumor tissue; modify the tumor immune response; 

regulate tumor neovascularization through the secretion of several cytokines by the 

recruited inflammatory cells; moderate tumor growth and survivals through autocrine 

and paracrine mechanisms; and promote tumor cell migration (BALKWILL, 2003). 

Leucocytes infiltrate the tumor in response to chemokines secreted by the tumor 

tissue. This immune cell recruitment may promote anti-tumor activities such as 
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elimination of tumor cells by macrophages and recruitment of innate and adaptive 

immune cells (BALKWILL, 2003; RAMAN et al., 2007). However, later in the tumor 

progression, the attraction of immune cells causes an increased tumor growth by 

supplying survival factors as well as angiogenic mediators for tumor vasculature. 

Since the receptors for particular chemokines are up-regulated in tumor cells, there is 

a persistent influx of chemokines in their microenvironment allowing its rapid 

progression (RAMAN et al., 2007). 

Of all leucocytes, neutrophils are known to play the most important role on tumor 

growth and metastasis since they remodel the tissue, creating a favorable 

environment for tumor development (YAO et al., 2007). The reactive O2 species 

produced by neutrophilic oxidases to kill invading organisms also have the potential 

to interact with tumor cells to attenuate their apoptotic cascade and increase their 

mutational rate (DE LARCO et al., 2004). Additionally, the increased metastatic 

potential of tumors ectopically releasing CXCL8 is partly attributable to their ability to 

attract neutrophils. Neutrophils release heparin and enzymes that are involved in the 

degradation of the extracellular matrix, helping tumor cells to enter the vasculature 

and journey to new metastatic sites (DE LARCO et al., 2004; YAO et al., 2007). 

 

2.6.2.1.3. Prognostic value of CXCL8 

 

A positive correlation between increased tumoral and circulating CXCL8 and a poor 

patient outcome has been stated in multiple studies and reflects the prognostic 

potential of this chemokine in neoplastic processes (UEDA et al., 1994; YOKOE et 

al., 1996; NÜRNBERG et al., 1999; VELTRI et. al., 1999; YUAN et al., 2005; 

GELALETI et al., 2012; KIM et al., 2014). CXCL8 mRNA expression and the 

intratumoral microvessel count are considered to be some of the most important 

predictors of patient survival and disease relapse (YUAN et al., 2005). However, its 

clinical use as a prognostic marker has not been established yet. 
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2.6.2.1.4. CXCL8 inhibition 

 

The knowledge about the influence of CXCL8 on the development of neoplastic 

diseases has led researchers to analyze the potential benefits of blocking CXCL8 

and its receptors. Blocking the angiogenic activity of CXCL8 has already been 

effective in murine models and the development of humanized monoclonal antibodies 

has enabled several investigations to determine the effects of suppressing CXCL8 

signaling on human tumor types (HEIDEMANN et al., 2003; WAUGH and WILSON, 

2008). The use of CXCL8 antibodies has shown a diminished tumor growth and 

metastatic potential in melanoma and bladder cancer xenograft models. Also ovarian 

tumors treated with small interfering RNA targeting CXCL8, exhibited growth 

retardation, reduced microvessel density and increased response to 

chemotherapeutics (HEIDEMANN et al., 2003; KIM et al., 2014). 

Receptor targeted strategies that eliminate the redundant function of chemokine 

signaling may have an even greater utility than agents that solely dampen the effect 

of CXCL8, since all ELR+ couple to CXCR2 and act pro-angiogenic (ADDISON et al., 

2000; WAUGH and WILSON, 2008). Thus, CXCR2 blockage may be an effective 

target for anti-angiogenic therapy (HEIDEMANN et al., 2003). 

The effect of currently used pharmaceutics on CXCL8 has also been researched. It 

has been determined that the exposure to numerous chemotherapy agents induces 

CXCL8 expression and secretion in cancer cells, so that inhibiting CXCL8 may help 

chemotherapy to be more effective (COLLINS et al., 2000; DE LARCO et al., 2004; 

WAUGH and WILSON, 2008). Furthermore, it was found that anti-inflammatory 

agents like aspirin, dexamethason, celecoxib, and pyrrolidine suppress the up-

regulation of CXCL8 expression in a dose dependent manner. These results stress 

the potential use of anti-inflammatory agents as a supportive treatment of cancer 

patients, but has not been implemented in the clinical practice (YUAN et al., 2005). 

Even though anti-CXCL8 therapies seem to be promising, they burden the danger of 

losing the neutrophil modulating function (FELDMANN and STEINMAN, 2005). 

Additionally, the extend of the influence of CXCL8 on the proliferation of tumors 

remains controversial (YAO et al., 2007). The dependency of cell growth on CXCL8 
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is not completely clear and seems to vary among different tumor types (DE LARCO 

et al., 2004). Although most studies assure the involvement of CXCL8 in 

tumorigenesis, some studies deny a correlation to angiogenesis and metastatic 

potential and even attribute CXCL8 a positive role in controlling tumor growth (LEE et 

al., 2000; DE LARCO et al., 2004; YUAN et al., 2005; DERIN et al., 2007; YAO et al., 

2007; ZUCCARI et al., 2011). A study by YAO et al. (2007) suggested an inhibitory 

role of CXCL8 on the growth of estrogen receptor-negative breast cancer and 

attributed this effect to the increased neutrophil infiltration in the presence of CXCL8. 

Although a study by LEE et. al. (2000) concluded that the expression of CXCL8 in 

estrogen receptor-negative breast cancers may contribute towards tumor 

aggressiveness, they also hypothesized that CXCL8-activated neutrophils may exert 

an antitumor activity through direct and indirect mechanisms, such as granular 

release and the induction of other cell mediators. 

Furthermore, the effect of CXCL8 on tumors does not depend exclusively on the 

chemokine itself but also on the presence and interaction with certain receptors. 

Besides CXCR2, the Duffy Antigen for Chemokines (DARC) possibly influences the 

impact that CXCL8 exerts on tumors (VANDERCAPPELLEN et al., 2008). This 

protein is expressed on erythrocytes and endothelial cells and is believed to function 

as a sink for the excess of a variety of chemokines, including CXCL8 (ADDISON et 

al., 2000; RAMAN et al., 2007). It is proposed to generate a less angiogenic 

environment and to limit tumor metastasis. The over-expression of DARC appears to 

be related to an inhibited tumorigenesis and metastasis (VANDERCAPPELLEN et 

al., 2008). 

Howvere, the complex interplay of the multiple processes will ultimately determine 

the fate of the tumor (YAO et al., 2007).  

 

2.7. Research approaches in dogs 

 

In humans, the role of CXCL8 in physiological and pathological processes as well as 

its utility for the instauration of diagnostic and therapeutic procedures, has been 

extensively studied and is still a major subject in research. Although animal models 
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have been widely used in this research, there is little information available concerning 

its applicability in veterinary medicine. 

Currently it is known that mature canine CXCL8 shares 92%, 89%, 88%, 86%, 84%, 

82%, and 74% amino acid sequence identity with ferret, ovine, bovine/porcine/feline, 

red deer, bottlenose dolphin, rabbit, and human/equine CXCL8, respectively (JUN et 

al., 1993; MATSUMOTO et al., 1994). Regarding the binding receptors for CXCL8 

two receptors have been described and cloned in humans, rabbits, and rats, but only 

CXCR2 has been reported in canines (CHANG et al., 1999). Beside this information, 

there are some studies about CXCL8 in concrete diseases in dogs.  

 

2.7.1. Immune system efficiency related to aging 

 

HALL et al. (2010) studied the relationship between aging and a less efficient innate 

immune response in dogs. It was found that the phagocytosis and bacterial killing 

capacity of neutrophils decreases with augmenting age. Furthermore, expression 

levels of some mRNA specific for neutrophil migration or killing functions were 

decreased. Among these, the gene expression of binding receptors for CXCL8 was 

evaluated because of its role in neutrophil migration, phagocytosis, production of 

reactive oxygen species and regulation of cell survival. Although the neutrophil 

mRNA levels for CXCL8 receptors decreased with increasing age it is unclear which 

of the analyzed mRNA is directly related to the decline in neutrophil phagocytosis 

and bacterial killing in aged dogs. Furthermore, the gene sequences used in this 

study were approximated to CXCR2. Since CXCR2 is not restrictive and binds many 

chemokines, it is not adequate to conclude a role of CXCL8 on the decreased 

immunity in aged dogs (HALL et al., 2010). 

 

2.7.2. Osteoarthritis 

 

Osteoarthritis (OA) is an inflammatory or non-inflammatory disorder of the moveable 

joints characterized by progressive degradation of articular cartilage and changes in 

the adjacent bone and soft tissues (DE BRUIN et al., 2005). In dogs the most 
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common inflammatory OA are infectious arthritis, systemic lupus erythematosus 

(SLE) and the less common is canine rheumatoid arthritis (CRA) (DE BRUIN et al., 

2005). All of them are characterized by severe inflammation of the synovial 

membrane and influx of polymorphonuclear cells in the synovial fluid, leading also to 

systemic signs of disease (DE BRUIN et al., 2005). Non-inflammatory OA are 

characterized by mild to moderate inflammation of the synovium and a normal to mild 

increase of cells in the synovial fluid. In dogs, idiopathic and secondary OA are 

frequent, being the last the most common one, evolving after direct injury to the 

articular cartilage (DE BRUIN et al., 2005).  

Because of the capacity of CXCL8 to attract inflammatory cells and cause cartilage 

destruction, research has been focused on this subject. In veterinary medicine DE 

BRUIN et al. (2005) used real time PCR to determine canine CXCL8 mRNA 

expression in synovial fluid in canine stifle OA. The conclusion of the study was that 

CXCL8 cannot be used as a specific joint disease marker since its expression is 

found in OA regardless of its etiopathogenesis. Still, it is considered to be related to 

ongoing inflammation within the joints (DE BRUIN et al., 2005). 

A more recent study by FOSTER et al. (2014) employed a canine ELISA kit to 

determine the plasma CXCL8 concentrations of dogs with immune-mediated 

polyarthropathy (IMPA). No difference in plasma CXCL8 concentrations between 

dogs with IMPA and healthy dogs was found. Furthermore, no apparent change in 

plasma CXCL8 occurred after prednisone treatment despite clinical and cytological 

improvement, suggesting that plasma CXCL8 is not useful as a biomarker of IMPA 

disease activity in dogs (FOSTER et al., 2014). 

 

2.7.3. Pyometra 

 

Pyometra is a common inflammatory disease of the uterus in intact, sexually mature 

bitches, caused by a secondary bacterial infection (SMITH, 2006; HAGMAN, 2012; 

KARLSSON et al., 2012). Besides a severe local inflammation, pyometra goes along 

with a systemic reaction that can lead to endotoxemia, SIRS or sepsis (SANO et al., 
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2004; SMITH, 2006; HAGMAN et al., 2009). It is thus a life threatening condition 

when left untreated. 

Various studies have found an increased local expression of CXCL8 in dogs with 

pyometra compared to healthy dogs (BARTOSKOVA et al., 2012; HAGMAN, 2012; 

TAMADA et al., 2012; BUKOWSKA et al., 2013). This increase has been associated 

to neutrophil infiltration with consequent collagen degradation and cervical ripening 

within the uterus (CHWALISZ et al., 1994; TAMADA et al., 2012). Thus, a lack of this 

chemokine plays a role in the intrauterine accumulation of pus partly because of poor 

local immune response but also because of cervical impatency (HAGMAN, 2012; 

TAMADA et al., 2012).  

To my knowledge there is only one study on circulating CXCL8 in canine pyometra. 

In this study by KARLSSON et al. (2012) several cytokines including CXCL8 were 

evaluated in the serum of 21 bitches with pyometra that were grouped according to 

SIRS criteria. Based on a single point measurement it was stated that SIRS negative 

dogs with pyometra have significantly lower CXCL8 values than healthy and SIRS 

positive dogs. Yet, SIRS positive dogs have similar CXCL8 values than healthy dogs 

(KARLSSON et al., 2012). 

 

2.7.4. Sepsis 

 

Although CXCL8 is known to be involved in sepsis, its clinical utility in dogs could not 

be proven yet for this process. The ELISA based quantification of circulating CXCL8 

has not allowed so far to differentiate healthy dogs from dogs with SIRS or sepsis 

(DECLUE et al., 2012; KARLSSON et al., 2012). As previously mentioned, a study in 

canine pyometra found that SIRS positive patients were indistinguishable from 

healthy dogs based on the serum CXCL8 concentrations. Still, SIRS negative dogs 

had lower values than healthy and SIRS positive dogs (KARLSSON et al., 2012). In a 

study by DECLUE et al. (2012) various inflammatory mediators including CXCL8, 

were measured through ELISA in plasma of SIRS positive and septic dogs. The 

cause of SIRS and sepsis was however not described. Dogs were classified as SIRS 
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positive when they fulfilled at least 2 of the 4 known SIRS criteria. Dogs with 

confirmed infection were defined as septic. In the case of CXCL8 no significant 

difference was found among SIRS, septic and healthy dogs (DECLUE et al., 2012) 

 

2.7.5. Steroid responsive meningitis-arteriitis 

 

BURGENER et al. (1998) studied the CXCL8-linked chemotactic activity of 

neutrophils and mononuclear cells in the cerebrospinal fluid (CSF) of dogs with 

steroid responsive meningitis-arteriitis (SRMA). SRMA, also called beagle pain 

syndrome or juvenile polyarteriitis syndrome, is a systemic immune disorder of 

unknown cause, characterized by inflammatory-stenosing lesions of the meningeal 

arteries and meningitis, causing a highly painful symptomatology with frequent 

relapses (BURGENER et al., 1998). Dogs with SRMA and central nervous system 

infections showed an increased chemotactic activity of neutrophils and mononuclear 

cells, although there was no difference between acute and chronic disease. To 

analyze the role of CXCL8 in the augmented chemotactic activity a CXCL8 receptor-

specific desensitization of canine PMN was performed in repeated stimulation. 

(BURGENER et al., 1998). The result was a decrease in the chemotactic activity 

indicating a link between CXCL8 and the elevated chemotactic activity occurring in 

SRMA. Changes in chemotactic activity persisted for a long time in diseased patients 

even in animals in which the inflammation of the CNS had subsided, indicating that a 

constant release of chemotactic factors may be the cause for the relapsing and 

chronic course of SRMA (BURGENER et al., 1998). 

 

2.7.6. Wolbachia infections associated to Dirofilaria immitis 

 

BAZZOCCHI et al. (2003) studied the effect of bacteria belonging to the genus 

Wolbachia on the immune system. Wolbachia is an intracellular endosymbiotic 

bacteria that is harbored by Dirofilaria immitis and is implicated in the pathogenesis 

of filarial diseases. In hosts infected by D. immitis a major surface protein of 
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Wolbachia (WSP) induces a specific IgG response and a neutrophil accumulation in 

the kidneys and wall of the pulmonary arteries (BAZZOCCHI et al., 2003).  

For the study, WSP from the Wolbachia of D. immitis was produced in recombinant 

form and the purified protein was used in stimulation assays on canine neutrophils, 

showing increased chemotaxis. In addition, RT-PCR revealed an increased 

production of CXCL8 by cells incubated with this protein. It could be confirmed that 

WSP activates canine PMN cells by inducing CXCL8, which showed to be a powerful 

activator of directional chemotaxis during infection with D. immitis and in 

consequence with Wolbachia (BAZZOCCHI et al., 2003). 

 

2.7.7. CXCL8 in tumor bearing dogs 

 

In dogs there are only few studies about the implication of CXCL8 in tumorigenesis. 

Initially a study by ZUCCARI et al. (2011) suggested that CXCL8 could play a 

protective role in canine mammary cancer. In this study the local expression of 

CXCL8 was analyzed by immune-histochemistry and real-time PCR, showing an 

association between CXCL8 over-expression, higher survival rates and the absence 

of metastatic tendency (ZUCCARI et al., 2011). A later study by the same group had 

contradictory results showing a positive correlation between high serum CXCL8 

values and a poor prognosis (GELALETI et al., 2012). This study by GELALETI et al. 

(2012) found a correlation of serum CXCL8 with the clinicopathological features and 

clinical evolution of mammary gland neoplasias in female dogs. A significant increase 

in the CXCL8 serum levels was detected in tumor bearing dogs compared to the 

controls. Furthermore, high CXCL8 values showed a positive correlation with tumor 

progression, lymph node involvement, metastasis, recurrence and death (GELALETI 

et al., 2012). 

Similar results were obtained in a study that analyzed canine serum and tissue 

CXCL8 in different mammary gland neoplasias. In this case, tumor and serum 

CXCL8 were increased in dogs with malignant tumors when compared with 

hyperplasias, benign mammary tumors and controls. Moreover, tissue and serum 

CXCL8 levels were higher in dogs with inflammatory mammary cancer, characterized 
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by an exacerbated angiogenesis, compared with non-inflammatory mammary cancer 

(DE ANDRÉS et al., 2013). 

A recent study by KIM et al. (2014) concluded that CXCL8 production and its 

receptor expression are common features in canine hemangiosarcoma and its cells 

show an impaired survival in an environment depleted of CXCL8. This chemokine is 

highly up-regulated in canine hemangiosarcoma cells compared to non-malignant 

endothelial cells derived from splenic hematomas, indicating a crucial role in the 

malignancy of these tumors. CXCL8 promotes hemangiosarcoma growth by 

modulating the tumor microenvironment in vivo and seems to be part of an adaptive 

mechanism used by the tumor cells to modulate their microenvironment. The higher 

local expression of CXCL8 could result from its production by tumor cells or other cell 

types like fibroblasts and inflammatory cells in the tissue microenvironment and is 

related to coagulation, fibrosis and inflammation. In addition, CXCL8 promotes 

metastasis by inducing neutrophil infiltration and tumor associated production of 

growth factors (KIM et al., 2014).  

 

2.8. Clinical utility of CXCL8 in human and veterinary medicine 

 

2.8.1. Diagnostic and prognostic potential 

 

There are no established protocols for the use of CXCL8 as a biomarker or 

prognostic tool in human or veterinary medicine. Nevertheless, studies in humans 

(MARTICH et al., 1991; ABE et al., 1993; PEZZILLI et al., 1995; ARICAN et al., 2005; 

SILVESTRI et al., 2006) and animals (KUKIELKA et al., 1995; BURGENER et al., 

1998; OSMAN et al., 2002; GELALETI et al., 2012; KARLSSON et al., 2012; DE 

ANDRÉS et al., 2013) have stated a relationship between CXCL8, the course of the 

disease and the patients outcome, making it a potential complement for existing 

diagnostic tests. 
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2.8.2. Therapeutic approach 

 

Due to the importance of CXCL8 in physiological as well as pathological processes, 

the therapeutic potential of this chemokine and its possible use in clinical practice 

represents a major research area. Since CXCL8 is claimed to be responsible for the 

development and exacerbation of multiple diseases (GANGUR et al., 2002; 

BALKWILL, 2003; MUKAIDA, 2003), studies are aimed at its inhibition in order to 

prevent, or at least reduce the magnitude of the effects it produces. Although 

blocking the CXCL8 function has shown positive effects in animal model studies 

(HARADA et al., 1994; COLLINS et al., 2000; YUAN et al., 2005; WAUGH and 

WILSON, 2008), there are still no established or available therapies in human and 

veterinary clinical practice. This is probably due to the fact that laboratory animal 

models do not reflect completely the effect of a treatment in humans and domestic 

animals. The failure of most immunological approaches related to cytokines that are 

effective in animal models but not in clinical practice, suggest that there are still 

unknown principles behind the pathogenic mechanisms of these diseases 

(FELDMANN and STEINMAN, 2005). Furthermore, results in animal models are 

often not predictive for the treatment of clinical disorders, since it is uncertain if any 

animal models of disease provide good reflections of the key processes that occur in 

other species. A further complication for the transition from animal experiments to the 

clinical use is the necessary preoccupation about safety in the utilization of 

immunotherapy in this area, since chemokines including CXCL8 have multiple effects 

on many cell types and in consequence its systemic injection can cause undesirable 

effects (FELDMANN and STEINMAN, 2005). 

Despite the mentioned complications for a therapeutic use of CXCL8, the positive 

effect of antibodies against CXCL8 in animal models have encouraged researchers 

to make further efforts on this topic. In a study by HARADA et al. (1994) the 

administration of specific neutralizing antibodies against CXCL8 to rabbits with 

induced conditions such as dermatitis, arthritis, lung reperfusion injury and 

glomerulonephritis prevented neutrophil infiltration into the tissue and the consequent 

tissue damage. In dogs with induced myocardial reperfusion injury neutrophil 
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adhesion to cardiac cells and the following cytotoxicity were reduced by application of 

antibodies against CXCL8 (KUKIELKA et al., 1995). The same effect has been 

proved in various models of lung injury in rabbits, rats and mice (MUKAIDA, 2003). 

The inhibition of CXCL8 has also shown to attenuate endothelial cell chemotaxis and 

neovascularization in cancer models (SMITH et al., 1994; ADDISON et al., 2000). 

TEELING et al. (2009) achieved the development of a human monoclonal antibody 

(mAb) against CXCL8 called HuMab 10F8. This fully human mAb against CXCL8 

binds a discontinuous epitope on CXCL8 overlapping the receptor binding site, which 

effectively neutralizes CXCL8-dependent human  neutrophil activation and migration. 

Although HuMab 10F8 has already been subject of clinical studies in humans that 

confirm its success in certain diseases (SKOV et al., 2008), due to lack of evidence 

about long term effectiveness and side effects it is yet not used in clinical practice. 

Nevertheless, HuMab 10F8 represents a progress for the therapy of human diseases 

involving CXCL8 and further research is being made to achieve its implementation in 

current immunotherapy (TEELING et al., 2009). 

In addition to the use of anti-CXCL8 antibodies, research is also highly focused on 

the therapeutic use of antagonists specific for CXCR2 to inhibit ELR+CXC 

chemokine-dependent neovascularization, which could improve the prognosis of 

patients with diseases that are associated with marked angiogenesis. Although the 

effectiveness of the CXCR2 inhibition was already demonstrated in animal models, 

applicability in human or veterinary clinical practice has not been proven (ADDISON 

et al., 2000).  

 

2.9. Assessment of CXCL8 in canine blood samples using ELISA 

 

As well as in humans, the measurement of CXCL8 in blood could be potentially 

useful in dogs as an indicator of ongoing lesions and their severity, offering an 

additional tool in clinical practice. Herefore, MOHAMED et al. (1997) established a 

sandwich enzyme linked immunosorbent assay (ELISA) using as an antigen 

polyclonal anti-cIL-8, biotinylated anti-cIL-8 antibodies and glutathione-S-
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transferase/cIL-8 fusion proteins. To examine the applicability of the sandwich ELISA 

in clinical cases, CXCL8 levels were determined in plasma samples of apparently 

healthy dogs and dogs with cystitis, dermatitis, chronic gastritis, chronic stomatitis, 

gastric cancer, mastocytoma and renal failure. The results showed that CXCL8 levels 

in the plasma samples of apparently healthy dogs were less than 0.470 ng/ml, while 

dogs with cystitis, dermatitis and gastric cancer had significantly higher values. In this 

study the utility of a canine ELISA and the potential diagnostic and prognostic 

potential of circulating CXCL8 were proposed (MOHAMED et al., 1997).  

Currently, canine CXCL8 immunoassays are commercially available for the 

quantitative determination of canine CXCL8 concentrations in cell culture supernates, 

serum and plasma. Canine ELISA kits are exclusively for research purposes and no 

canine reference values for circulating CXCL8 have been established yet. So far, 

only few studies using this method have been published. In a study about SIRS and 

sepsis the highest measured value in serum was 3953 pg/ml (DECLUE et al., 2012). 

GELALETI et al. (2012) found serum mean values of 3297 pg/ml in healthy dogs and 

of 6335 pg/ml in dogs with mammary gland tumors. In a study that compared healthy 

dogs and dogs with colorectal polyps, healthy dogs presented serum values below 

2000 pg/ml, whereas diseased dogs reached levels of almost 6000 pg/ml (TAMURA 

et al., 2013). CXCL8 values were lowest when measured in plasma. Here, healthy 

dogs and dogs with IMPA had CXCL8 concentrations below 400pg/ml (FOSTER et 

al., 2014). The limited information and differing results of previous studies point out 

the need of further research in this field. 
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3. MATERIALS AND METHODS 

 

3.1. Study design 

 

Blood samples of healthy and diseased dogs were taken for the evaluation of serum 

CXCL8 using a commercially available canine ELISA kit. Serum CXCL8 

concentrations were statistically correlated with various patients and disease features 

in order to assess its behavior and association to specific characteristics. Herefore, 

158 diseased dogs presented between 2011-2014 to the Small Animal Clinic of the 

University of Göttingen were sampled and grouped as follows:  

 Neoplastic diseases (n = 66) 

 Hepatic diseases (n = 4) 

 Renal failure (n = 7) 

 Allergies (n = 6) 

 Respiratory diseases (n = 5) 

 Infected wounds (n = 7) 

 Orthopedic conditions (n = 9) 

 Angiogenic processes (n = 4) 

 Pancreatitis (n = 7) 

 Pyometra (n = 23) 

 Anemia (n = 4) 

 

For all animals the following information was documented and partly used for further 

analysis: 

 Breed 

 Age 

 Gender 

 Neutering status 
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 Duration of the disease previous to sampling 

 Complete blood cell count (CBC) and serum chemistry parameters 

 Prognosis 

 Treatment 

 Outcome 

From this information the following groups were formed for further statistical analysis: 

 White blood cell count (WBC): 

- Decreased: < 6000/μl (n = 11) 

- Normal: 6000-12 000/μl (n = 86 diseased dogs) 

- Moderately increased: 12 000 - 25 000/ μl (n = 41) 

- Severely increased: > 25 000/μl (n = 20) 

 

 Neutrophil count:  

- Decreased: < 3000/μl (n = 14) 

- Normal: 3000 – 9000/μl (n = 65 diseased dogs) 

- Moderately increased: 9000 – 17 000/μl (n = 44) 

- Severely increased: > 17 000/μl (n = 35) 

 

 C-reactive protein (CRP) values: 

- Normal: 0 – 15 mg/l (n = 116 diseased dogs) 

- Moderately increased: 15 -25 mg/l (n = 8) 

- Severely increased: > 25 mg/l (n = 32) 

 

 Hematocrit (HCT): 

- Normal: 44 – 52 % (n = 75 diseased dogs) 

- Moderately decreased: 20 – 44 % (n = 68) 

- Severely decreased: < 20 (n = 9) 

 

 Outcome: 

- Recovered (n = 53) 
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- Deceased (n = 8) 

- Euthanaized (n = 35) 

16 animals had underrepresented or multiple diseases and were therefore excluded 

from disease specific analysis but taken into consideration for the evaluation of 

outcome and laboratory parameters.  

 

Two additional disease specific studies were performed:  

In one study the 23 female dogs with pyometra were selected to evaluate the 

behavior of CXCL8 in relation to the following characteristics: 

 Duration of disease previous to sampling: In days 

 Date of the last estrus: In days 

 Cervical patency: 

- Open cervix (n = 20) 

- Closed cervix (n = 3) 

 Symptomatology: Dogs were grouped according to mild (n = 15) and severe (n 

= 8) symptoms based on the ASA physical status classification system 

(SAKLAD, 1941). Herefore, following symptoms were taken into consideration: 

- Apathy 

- Lethargy 

- Polyuria 

- Polydipsia 

- Inappetence 

- Emesis 

- Diarrhoea 

- Abdominal pain 

- Abdominal distension 

 Uterine distension:  

- Moderate (n = 10): Uterus horn diameter < 3 cm (dogs < 15 kg body 

weight) and < 4cm (dogs > 15 kg body weight) 



Materials and Methods 

47 
 

- Severe (n = 13): Uterus horn diameter > 3 cm (dogs < 15 kg body weight) 

and > 4 cm (dogs > 15 kg body weight)  

 Time for recovery: < (n = 14) and > (n = 9) than 2 days of hospitalization 

 Routine laboratory parameters: WBC, neutrophil count and CRP values as 

previously described. 

In the other study the 66 tumor bearing dogs were used to analyze the relationship of 

serum CXCL8 and common neoplastic features. Following information was 

documented: 

 Animal general condition 

- Good (n = 47) 

- Moderate (n = 9) 

- Poor (n = 10) 

 Estimate of the onset of disease in days 

 Amount of tumors 

 Tumor malignancy: 

- Benign (n = 10) 

- Low malignant (n = 10) 

- Malignant (n = 35) 

- Highly malignant (n = 7) 

 Tumor type: 

- Carcinoma (n = 20) 

- Sarcoma (n = 8) 

- Lymphoma (n = 5) 

- Mastocytoma (n = 5) 

- Malignant histiocytosis (n = 1) 

- Mixed tumors (n = 3) 

- Benign tumors (n = 12) 

 Tissue of origin: 

- Epithelial (n = 26) 

- Mesenchymal (n = 17) 
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- Lymphocytic (n = 5) 

 Affected organ: 

- Mammary gland (n = 27) 

- Skin (n = 6) 

- Spleen (n = 6) 

- Liver (n = 7) 

 Tumor size: 

- < 2 cm (n = 14) 

- 2 – 4 cm (n = 14) 

- > 4 cm (n = 30) 

- Diffuse (n = 3) 

 Prognosis: 

- Good (n = 10) 

- Guarded (n = 35) 

- Poor (n = 21) 

 Outcome: 

- Remission (n = 15) 

- No change (n = 21) 

- Recurrence (n = 1) 

- Death-Euthanasia (n = 26) 

 CBC and serum chemistry 

 

The healthy control group consisted of 23 healthy dogs from the animal shelter “ETN 

Tierschutzhof Wiesenfeld” in Bad Karlshafen (State of Lower Saxony) and 12 healthy 

client-owned dogs admitted for routine health examinations or elective spay 

(ovariohysterectomy, OHE). This group of 35 healthy dogs was used for the analysis 

among all the diseases and the specific study in dogs with pyometra. Furthermore it 

was used to discard an influence of the animals general characteristics on serum 

CXCL8, taking into consideration the following aspects: 
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 Age: 

- < 3 years (n = 10) 

- 3 – 7 years (n = 15) 

- > 7 years (n = 10) 

 Gender and neutering status: 

- Intact males (n = 5) 

- Intact females (n = 8) 

- Neutered males (n = 13) 

- Neutered females (n = 8) 

For the specific analysis of tumor bearing dogs only the 23 healthy dogs from the 

animal shelter “ETN Tierschutzhof Wiesenfeld” in Bad Karlshafen (State of Lower 

Saxony) were used as control group, since the additional 12 healthy dogs were 

gathered later in time. 

 

3.2. Study population  

 

3.2.1. Patients 

 

As a first approach, serum CXCL8 was measured in dogs with a great variety of 

diseases in order to pinpoint the processes were serum CXCL8 is altered and 

potentially useful for further analysis. Therefore, serum CXCL8 was measured in 158 

client-owned dogs admitted between 2011-2014 to the Small Animal Clinic of the 

University of Göttingen for clinical evaluation and therapy. Inclusion criteria was the 

presence of a single disease of any kind. Each dog was required to have a detailed 

medical history, physical examination, CBC (WBC, neutrophil granulocytes, 

lymphocytes, monocytes, eosinophil granulocytes, basophil granulocytes, 

erythrocytes, hemoglobin, HCT, mean corpuscular volume, mean corpuscular 

hemoglobin, mean corpuscular hemoglobin concentration, thrombocytes), serum 

chemistry (Glucose, fructosamine, bile acids, glutamate dehydrogenase, alanine 
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transaminase, aspartate transaminase, bilirubin, alkaline phosphatase, total protein, 

albumin, creatinine, urea, calcium, phosphorus, alpha-amylase, cholesterol, lipase, 

creatin kinase, potassium, sodium, CRP, globulins), as well as an appropriate 

diagnostic evaluation to document the presence of disease.  

The group of diseased dogs had a median age of 8.8 years (range 0.5 – 17.4 years). 

12 dogs were below 3 years of age, 39 dogs were between 3 and 7 years old and 

107 dogs were older than 7 years. The group consisted of 63 male (n = 20 neutered) 

and 95 female (n = 23 neutered) animals. 59 breeds were represented, being 46 

dogs of mixed breed. 

 

Based on the adequate group size for analysis and valuable statistic results, the 

focus of the dissertation was laid on canine pyometra and tumor bearing dogs.  

 

For the evaluation of serum CXCL8 in canine pyometra, 23 client-owned female dogs 

admitted between 2011-2014 to the Small Animal Clinic of the University of 

Göttingen, for diagnosis and subsequent surgical treatment (OHE) were included. 

Inclusion criteria were the presence of pyometra and the absence of pyometra 

unrelated diseases. Enrolled patients underwent a detailed anamnesis, physical 

examination, CBC and serum chemistry. Ultrasonography was performed to 

determine abnormalities of the uterus and their extent. Post-surgical gross evaluation 

of the uterus was carried out to establish the degree of uterine distension, as well as 

the presence and amount of pus in the uterine lumen.  

Dogs with pyometra had a median age of 8.5 years (range 3 - 14,6 years), being 

most of them older than 7 years (n = 19). Fifteen different breeds were represented in 

this group. To analyze the behavior of serum CXCL8 in this disease, following clinical 

characteristics were taken into consideration: symptomatology, uterine 

distension/filling, time of recovery, WBC, neutrophil count and serum CRP values.  

 

For the evaluation of serum CXCL8 in tumor bearing patients, 66 client-owned dogs 

presented between 2011-2014 for clinical evaluation or therapy at the Small Animal 

Clinic of the University of Göttingen were sampled. Inclusion criteria were the 
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presence of a neoplastic disease of any kind and the absence of further tumor 

unrelated conditions. Enrolled patients underwent a detailed physical examination, 

CBC and serum chemistry. Case dependent diagnostic procedures such as imaging 

and surgical techniques were done to determine and document the presence and 

characteristics of the neoplastic disease. Cytological or histological examination of 

the neoplastic tissue were performed to establish a definitive diagnosis. 

Tumor bearing dogs had a median age of 9,6 years (range 1,9 - 15,8 years), being 

most of them older than 7 years (n = 49). The group consisted of 41 female (n = 11 

neutered) and 25 male (n = 9 neutered) dogs and several breeds were represented.  

Serum CXCL8 concentrations were measured prior to treatment from blood samples 

collected from the cephalic vein. 

 

3.2.2. Healthy population (control group) 

 

As a control group, 23 healthy dogs from the animal shelter “ETN Tierschutzhof 

Wiesenfeld” in Bad Karlshafen (State of Lower Saxony) were enrolled. Blood 

samples were taken as part of a routine health examination. For the evaluation of 

canine pyometra, 12 healthy client-owned dogs admitted for routine health 

examinations or elective spay (OHE) were additionally included to increase the 

variety of gender and reproductive status of the control group. The dogs were 

confirmed to be healthy based on their medical history, detailed physical 

examination, CBC and serum chemistry.  

The control group consisting of 23 dogs had a median age of 5.2 years (range 1.5 - 

11.5 years), being most of them between 3 and 7 years old (n = 12). 5 dogs were 

female (4 neutered) and 18 male (13 neutered). Besides 2 German Shepherds and 1 

Boxer, all dogs were of mixed breed (n = 20) 

The control group for the study on canine pyometra had a median age of 4.5 years 

(range 1.5 - 11.5 years), being 10 of them older than 7 years old. Seventeen dogs 

were female (8 neutered) and 18 male (13 neutered). Seven breeds were 

represented, but most dogs were of mixed breed (n = 25). 
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3.3. Equipment and supplies 

 

3.3.1. Equipment 

 

 Centrifuge: Eppendorf Centrifuge 5424 (Fa. Eppendorf AG, Hamburg, 

Germany) 

 Centrifuge: Hettich EBA 20 (Fa. Hettich, Bäch, Switzerland) 

 Clinical chemistry analyzer: Konelab 20i (Fa. Thermo Fischer Scientific Inc., 

Dreieich, Germany) 

 Automated hematology analyzer: Abbott Cell-Dyn®3500 (Fa. Abbott GmbH & 

Co KG, Wiesbaden, Germany) 

 Vortexer: Vortex-Genie 2 (Fa. Scientific Industries, New York, USA) 

 Microplate washer: Nunc-Immuno ™wash 8 (Fa. Thermo Fischer Scientific 

Inc., Dreieich, Germany) 

 Microplate reader: TECAN GENios Pro (Fa. TECAN GmbH, Grödig, Austria) 

 Battery powered pipette filler: pipetus®-akku (Fa. Hirschmann Laborgeräte, 

Eberstadt, Germany) 

 Pipettes: Pipetman P100/P200/P1000 (Fa. Gilson, Villers Le Bel, France) 

 Multichannel pipette: Pipetman Ultra Multichannel (20-300 μl, Fa. Gilson, 

Villers Le Bel, France) 

 

3.3.2. Supplies 

 

 Serum tubes: Microtube 1,3 ml with serum coagulation activator (Fa. Sarstedt 

AG & Co, Nümbrecht, Germany) used for the serum chemistry analysis and 

measurement of serum CXCL8 concentrations.  

 EDTA K-tubes: 1,6 mg EDTA/ml blood enriched 2 ml polypropylene tubes (Fa. 

Sarstedt AG & Co, Nümbrecht, Germany) used for the CBC and measurement 

of plasma CXCL8 concentrations.  



Materials and Methods 

53 
 

 Test tubes: Sarstedt test tubes 1,5 ml (Fa. Sarstedt AG & Co, Nümbrecht, 

Germany) 

 Plate sealers: Adhesive strips provided in the „Quantikine Canine CXCL8/IL-8 

Immunoassay“ CA8000 kit (Fa. R&D Systems, Minneapolis, USA) 

 

3.3.3. Reagents and solutions 

 

 Reagents and solutions provided in the „Quantikine Canine CXCL8/IL-8 

Immunoassay“ CA8000 (Fa. R&D Systems, Minneapolis, USA): 

· Microplate, coated with a monoclonal antibody specific for canine 

CXCL8 

· CXCL8 conjugate: Monoclonal antibody specific for canine CXCL8 

conjugated to horseradish peroxidase 

· CXCL8 standard: Recombinant canine CXCL8 in a buffered protein 

base 

· Assay Diluent RD1W: Buffered protein base for building an 

equimolar milieu and blocking unspecific bindings 

· Calibrator Diluent RD5-26: Concentrated buffered protein used for 

the dilution of samples and standard dilution series. Additionally 

used as zero standard. 

· Wash buffer concentrate: 25-fold concentrated solution of buffered 

surfactant 

· Color reagent A: Stabilized hydrogen peroxide 

· Color reagent B: Stabilized chromogen (Tetramethylbenzidine) 

· Stop solution: Diluted hydrochlorid acid 
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3.4. Sample collection and processing 

 

3.4.1. Blood samples 

 

Blood was collected at the time of diagnostic evaluation or prior to the beginning of 

treatment. After shaving and disinfecting the corresponding skin area, blood was 

extracted through venipuncture from the cephalic vein using a sterile hypodermic 

20G 0,9 x 40 mm needle (Fa. Terumo, Leuven, Belgium). 

Blood samples for CBC were collected in polypropylene tubes with 1,6 mg EDTA/ml 

blood (Fa. Sarstedt AG & Co, Nümbrecht) and analyzed immediately.  

The serum samples required for serum chemistry were collected in standard serum 

tubes (Fa. Sarstedt AG & Co, Nümbrecht) and centrifuged in an Eppendorf centrifuge 

5424 (Fa. Eppendorf AG, Hamburg) at 3000 x g for five minutes.  

The sample collection for the examination of CXCL8 was done according to the 

previous description and then processed following the R&D Systems protocol. Prior 

to the analysis of CXCL8 in the diseased groups, serum and plasma CXCL8 

concentrations of the control group were compared in order to establish the best 

source for measuring CXCL8. Plasma samples for CXCL8 measurement were 

centrifuged with a Hettich EBA 20 centrifuge (Fa. Hettich, Bäch, Schweiz) for 20 

minutes at 1000 x g within 30 minutes of collection. The plasma was immediately 

aliquoted in 1,5 ml Eppendorf tubes (Fa. Sarstedt AG & Co, Nümbrecht, Germany) 

using a P200 pipette (Pipetman, Fa. Gilson, Villers Le Bel, France) and stored at -20 

°C until required for analysis. Serum samples were kept at room temperature for two 

hours to allow clotting and were then centrifuged with an Eppendorf Centrifuge 5424 

(Fa. Eppendorf AG, Hamburg, Germany) for 20 minutes at 1000 x g. The serum was 

immediately removed with a Pipetman P100 (Fa. Gilson, Villers Le Bel, France), 

aliquoted and stored at -20 °C until required for analysis. CXCL8 concentrations in 

plasma were lower as in serum and often below the measurable range. In serum 

CXCL8 concentrations were within the measureable range in all samples, thus, 

serum was used in our study. 
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3.4.2. Histological samples 

 

In order to establish a definitive diagnosis of the neoplastic diseases, histological 

samples were obtained through surgical excision or Tru-Cut biopsies and fixed in 4% 

buffered formalin. Samples were analyzed in the Pathology Unit of the German 

Primate Center “Deutsches Primatenzentrum Göttingen” in charge of Prof. Dr. F.-J. 

Kaup. Here, the formalin fixed tissue samples were routinely embedded in paraffin 

using a Shandon Excelsior ES equipment (Varistain Gemini, Fa. Thermo Scientfic, 

Dreieich, Germany) and subsequently cut using a standard laboratory protocol. The 

cut samples were stained with hematoxylin-eosin in the Shandon Excelsior ES 

(Varistain Gemini, Fa. Thermo Scientfic, Dreieich, Germany) equipment and the 

prepared slides were covered with a quick-hardening mounting medium (Eukitt®). 

Samples were analyzed by a board-certified pathologist (European College of 

Veterinary Pathologists, ECVP) and classified according to the World Health 

Organization (WHO) histological classification. 

 

3.5. CXCL8 quantification using ELISA  

 

3.5.1. The ELISA method 

 

The Quantikine Canine CXCL8 Immunoassay is a solid-phase sandwich ELISA 

designed to quantify canine CXCL8 in cell culture supernates, serum and plasma. 

The technique uses a microplate that has been pre-coated with a monoclonal 

antibody specific for canine CXCL8. When adding the standards, control, and 

samples to the coated microplate, present canine CXCL8 is bound by the 

immobilized antibody. The microplate is washed in order to remove any unbound 

substances and then an enzyme (horseradish-peroxidase)-linked monoclonal 

antibody specific for canine CXCL8 is added to the wells. The enzyme-linked 

monoclonal antibody binds to the existing antibody-CXCL8 complex and the 

microplate is again washed to remove any unbound antibody-enzyme reagent. A 
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substrate solution is added to the wells triggering an enzyme reaction that produces 

tetramethylbenzidin, generating a blue color change in the substrate. The addition of 

a stop solution terminates the reaction and turns the blue color into yellow. The 

intensity of the color is in proportion to the amount of canine CXCL8 bound in the 

initial step and can be measured through spectrophotometry. The sample values are 

determined by the use of a standard curve using standards contained in the kit. The 

test accuracy is proved by the use of a canine CXCL8 control provided in the kit. 

According to the manufacturer’s instructions, the assay measures the natural and 

recombinant CXCL8 isoforms of 74 and 79 amino acids. The minimum detectable 

concentration mean of CXCL8 is 1.26 pg/ml. The assay shows no cross-reactivity 

with a series of cytokines and growth factors. The manufacturer reported mean intra- 

and inter-assay coefficients of variation of 5.6 and 5.3 %, respectively. Values read 

as ≤ 0 pg/ml were all considered negative for circulating CXCL8. 

 

3.5.2. Quantikine Canine CXCL8 assay procedure 

 

Serum CXCL8 levels were measured using a commercially available canine CXCL8 

quantitative ELISA kit (Quantikine, R&D Systems, Minneapolis, MN, USA) following 

the manufacturer’s instructions. 

 

Prior to starting the test all reagents and samples were brought to room temperature 

and thoroughly mixed. 

A dilution of the samples was required, being a 4-fold dilution suggested by the 

manufacturer. Herefore, 40 µl of sample were diluted in 120 µl of prepared calibrator 

diluent RD5-26 and thoroughly mixed before use. When the optical density of a 

sample exceeded the range of the calculate standard curve, the test was repeated 

using a higher dilution. In this case a 8-fold dilution was used. 

The calibrator diluent was prepared adding 20 ml of calibrator diluent RD5-26 

concentrate to 60 ml of deionized water. 

To reconstitute the canine CXCL8 standard a volume of 5,0 ml of calibrator diluent 

was used, producing a stock solution of 1000 pg/ml. The stock solution was allowed 
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to sit for a minimum of five minutes before making the standard dilutions required for 

the standard curve. For the standard dilutions seven test tubes, each with 200 µl of 

calibrator diluent, were required. The stock solution was used to produce a 2-fold 

dilution series. For this, the standard stock solution was mixed and 200 µl were 

added to the first test tube. After mixing properly, 200 µl of this dilution were added to 

the next test tube. This procedure was repeated for six test tubes, generating a 

dilution series with a 500 pg/ml, 250 pg/ml, 125 pg/ml, 62,5 pg/ml, 31,2 pg/ml and 

15,6 pg/ml dilution. The undiluted Canine CXCL8 Standard served as the highest 

standard with a 1000 pg/ml concentration, and the calibrator diluent as the zero 

standard with a 0 pg/ml concentration. 

A canine CXCL8 control was provided in the kit and had to be reconstituted with 1,0 

ml of deionized water before use.  

The wash buffer was prepared by adding 20 ml of wash buffer concentrate to 480 ml 

of deionized water. 

Once the needed reagents were prepared, 50 µl of assay diluent RD1W were added 

to each well of the microplate followed by the addition of 50 µl of standard, control or 

sample per well. The plate was gently tabbed for one minute before covering it with 

the adhesive strip provided. An incubation period of two hours at room temperature 

was followed by a washing process. Herefore, the content of the wells was removed 

by turning the microplate and avoiding that the content of a well spilled into another. 

Then 400 µl of wash buffer were added to each well using a Nunc-Immuno™ 

washing equipment (Fa. Thermo Fischer Scientific Inc., Dreieich, Germany) and 

afterwards removed by turning the plate. In order to accomplish the complete 

removal of liquid, the microplate was tapped against a clean paper towel. The 

washing process was repeated for a total of five times. Subsequently, 100 µl of 

canine CXCL8 conjugate were added to each well, the microplate was covered with a 

new adhesive strip and incubated for two hours at room temperature. After the 

incubation period the plate was washed as previously described. 

As a next step, the substrate solution was prepared within 15 minutes of use and 

protected from light. The solution was made by mixing together the color reagents A 

and B in equal volumes. 100 µl of substrate solution was added to each well and 
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covered with a new adhesive strip for an incubation time of 30 minutes at room 

temperature and protected from light. A blue change of color took place. The color 

reaction was stopped after the incubation time by the addition of 100 µl of stop 

solution per well. The plate was gently tabbed to ensure thorough mixing, creating a 

change of color into yellow. 

Finally, the optical density of each well was determined within 30 minutes using a 

TECAN microplate reader (Fa. TECAN GmbH, Grödig, Austria) at an optical density 

of 450 nm and a wavelength correction of 570 nm. 

 

3.5.3. Analysis of ELISA test data 

 

The CXCL8 concentration (pg/ml) of each sample was calculated through a data 

analysis software (Magellan, Fa. TECAN GmbH, Grödig, Austria). Here, the average 

optical density value of the zero standard was subtracted and a standard curve was 

created by generating a four parameter logistic curve-fit. The concentration read from 

the standard curve was then multiplied by the dilution factor. Since each standard, 

control and sample was assayed in triplicate, the mean values were calculated. A 

mean intra-assay coefficient of variation of 3.4% was calculated for the ELISA tests 

performed in this study. 

 

3.6. Additional laboratory methods 

 

Hematological and serum analyses were performed in the laboratory of the Small 

Animal Clinic of the University of Göttingen and were mainly used to evaluate the 

overall clinical status of the dogs. Only the WBC, neutrophil count, CRP and HCT 

values were included in the final statistical analysis. 

Blood for CBC was analyzed with a CellDyn 3500 automated hematology analyzer 

(Fa. Abbott GmbH & Co KG, Wiesbaden, Germany). Prior to the analysis the proper 

functioning of the equipment was verified by performing blank measurements and 

quality controls. These controls were done with the human control kit CellDyn 26 Plus 
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Control (Fa. Abbott GmbH & Co KG, Wiesbaden, Germany) that contains samples 

with known high, normal and low amounts of leucocytes, erythrocytes and 

thrombocytes. 

A Konelab 20i automated biochemical analyzer (Fa. Thermo Fischer Scientific Inc., 

Dreieich, Germany) was employed for the serum chemistry analysis. After washing 

the analyzers hose system with water, the equipment was rinsed with an ISE prime-

serum (Fa. Thermo Fischer Scientific Inc., Dreieich, Germany) and a blank 

measurement was done. For the calibration and control of the analyzer, commercial 

kits that are specific for each analyte were used (Fa. Randox Laboratories GmbH, 

Wülfrath, Germany). CRP values were assessed by immunoturbidimetry with the 

Konelab 20i automated biochemical analyzer (Fa. Thermo Fischer Scientific Inc., 

Dreieich, Germany) using the CRP calibration series (Fa. Randox Laboratories 

GmbH, Wülfrath, Germany) and the CRP control level 2 and 3 that consists of 

samples with known high and low concentrations (Fa. Randox Laboratories GmbH, 

Wülfrath, Germany). The normal reference values for CRP in this specific analyzer 

were set prior to this dissertation by the staff of the laboratory of the Small Animal 

Clinic of the University of Göttingen, when CRP was established as a routine 

parameter.  

 

3.7. Statistical analysis 

 

Statistical analysis was performed using a commercial software (MATLAB and 

Statistics Toolbox Release 2014a and 2015b, The Math Works, Inc., Natick, 

Massachusetts, USA). 

In order to analyze the relationship of serum CXCL8 with different physiological and 

pathological conditions the measured CXCL8 values were grouped according to the 

goal criteria presented in the study design. The distribution of serum CXCL8 in the 

different groups was assessed by descriptive statistics (mean, standard deviation, 

median, minimum and maximum values, 25 and 75 % quantiles and outliers) and 

graphically presented in boxplots. This allowed to identify potential relationships on 

which the statistical analysis would be focused. 
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First, the hypothesis that the distribution of CXCL8 values were significantly different 

between the groups was tested. In order to identify if parametric tests could be used, 

the log-transformed CXCL8 values in the different groups were tested for normality 

using the Shapiro-Wilk-, Anderson-Darling-, Kolmogorov-Smirnov- and Lilliefors test. 

The logarithm was used in order to eliminate the zero constraint and approximate the 

data to a normal distribution. Since not all groups were normally distributed and some 

groups consisted of a small number of samples, nonparametric tests were used. The 

Mann-Whitney-U-Test was used to test statistical difference between two groups and 

Kruskal-Wallis test for the simultaneous analysis of more than two groups.  

For pairs of groups where a statistical difference in the CXCL8 distributions was 

found, a threshold value that maximizes the discrimination power between the two 

groups was obtained using a receptor operator characteristic (ROC) analysis. A 

logistic regression was used to model the increase of probability of belonging to a 

specific group through an increase of the serum CXCL8 concentration. 

Secondly, a direct link between serum CXCL8 and the goal criteria was tested. For 

numeric parameters like age, CBC and serum chemistry the relationship was 

analyzed using Pearson´s correlation test in cases where the data was shown to be 

normally distributed. When otherwise, the Spearman´s rank correlation test was used. 

For the relationship of CXCL8 with clinical characteristics that had ordinal categorical 

classes, like the severity of symptoms, uterus distension, tumor size, tumor 

malignancy, and histological neoplastic features, the relation was analyzed by 

generalized linear models (GLM). With log-transformed CXCL8 values an identity link 

function was used and the observation error was assumed to come from a Gaussian 

distribution. This assumption was corroborated with a residual plot of the fit. 

For all statistical tests a p-value below 0.05 was considered statistically significant. 
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4. RESULTS 

 

4.1. Relationship of serum CXCL8 and general characteristics 

 

Previous to the study of serum CXCL8 in diseased dogs the relationship between the 

dogs age, gender and neutering status was discarded using the healthy control group 

consisting of 35 dogs: 

 

4.1.1 Age  

 

Descriptive statistics 

 
n Min Quantile_25 Median Quantile_75 Max 

< 3 Years 10 449 997 1106 1159 2284 

3-7 Years 15 384 736 1054 1741 2213 

>7 Years 10 416 869 909 1020 2507 

 

p-values 

 
< 3 Years 3-7 Years >7 Years 

< 3 Years - 1.000 0.212 

3-7 Years - - 0.677 

>7 Years - - - 

 

4.1.2. Gender  

 

Descriptive statistics 

Intact n Min Quantile_25 Median Quantile_75 Max 

Male 5 416 760 1118 1306 1745 

Female 8 449 1071 1754 2057 2507 
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p-values 

Intact Male Female 

Male - 0.124 

Female - - 

 

Descriptive statistics 

Neutered n Min Quantile_25 Median Quantile_75 Max 

Male 13 384 645 918 1002 1193 

Female 8 489 869 1069 1448 2213 

 

p-values 

Neutered Male Female 

Male - 0.158 

Female - - 

 

4.1.3. Neutering status 

 

Descriptive statistics 

Male n Min Quantile_25 Median Quantile_75 Max 

Intact 13 384 645 918 1002 1193 

Neutered 5 416 760 1118 1306 1745 

 

p-values 

Male Intact Neutered 

Intact - 0.324 

Neutered - - 
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Descriptive statistics 

Female n Min Quantile_25 Median Quantile_75 Max 

Intact 8 489 869 1069 1448 2213 

Neutered 8 449 1071 1754 2057 2507 

 

p-values 

Female Intact Neutered 

Intact - 0.156 

Neutered - - 
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4.2. Serum CXCL8 in various diseases 

 

No statistical significance was found between serum CXCL8 values, the duration of 

the disease previous to sampling and the patients prognosis. The disease dependent 

evaluation of most CBC and serum chemistry parameters was also statistically 

insignificant. Yet, serum CXCL8 concentrations were significantly different among 

some diseases, the patients outcome and some laboratory parameters. 

  

4.2.1. Serum CXCL8 concentrations among healthy and diseased dogs 

 

Descriptive statistics 

 
n Min Quantile_25 Median Quantile_75 Max 

Healthy 35 384 869 1020 1240 2507 

Neoplastic diseases 65 109 1302 1750 2753 7611 

Hepatic diseases 4 1018 1116 1355 2729 3961 

Renal failure 7 483 758 1017 3864 5183 

Allergies 6 495 887 1375 1779 2284 

Respiratory diseases 5 1379 1608 1798 2729 3569 

Infected Wounds 7 865 1119 1830 3866 5123 

Orthopaedic conditions 9 618 869 1156 2346 2786 

Angiogenetic processes 4 960 1477 2888 9137 14491 

Pancreatitis 7 517 791 1117 1421 3515 

Pyometra 23 313 813 1767 2300 5988 

Anemia 4 694 5753 17960 23881 40567 
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p-values 
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Healthy - 0.001 0.110 0.105 0.450 0.007 0.016 0.596 0.028 0.713 0.026 0.005 

Neoplastic 
diseases - - 0.546 0.864 0.176 0.715 0.426 0.095 0.310 0.015 0.485 0.004 

Hepatic 
diseases - - - 1.000 0.749 0.391 0.456 0.350 0.665 0.178 0.915 0.052 

Renal failure - - - - 0.520 0.871 0.830 0.452 0.508 0.330 0.779 0.023 

Allergies - - - - - 0.143 0.173 0.949 0.166 0.411 0.356 0.028 

Respiratory 
diseases - - - - - - 0.784 0.092 0.540 0.012 0.512 0.037 

Infected 
wounds - - - - - - - 0.138 0.749 0.055 0.327 0.028 

Orthopaedic 
conditions - - - - - - - - 0.149 0.421 0.360 0.019 

Angiogenetic 
processes - - - - - - - - - 0.111 0.241 0.112 

Pancreatitis - - - - - - - - - - 0.066 0.037 

Pyometra - - - - - - - - - - - 0.007 

Anemia - - - - - - - - - - - - 

 

4.2.2. Serum CXCL8 and the patients outcome 

 

Descriptive statistics 

 
n Min Quantile_25 Median Quantile_75 Max 

Recovered 53 146 947 1625 2504 17960 

Deceased 8 1251 1873 2831 5248 7000 

Euthanized 35 109 1066 1591 2383 40567 
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p-values 

 
Recovered Deceased Euthanized 

Recovered - 0.039 0.946 

Deceased - - 0.040 

Euthanized - - - 

 

4.2.3. Relationship of serum CXCL8 and laboratory parameters among healthy and 

diseased dogs 

 

4.2.3.1. WBC 

 

Descriptive statistics 

 
n Min Quantile_25 Median Quantile_75 Max 

Healthy 35 384 869 1020 1240 2507 

Decreased 11 511 1409 2507 4470 6506 

Normal (diseased) 86 146 1085 1660 2293 14491 

Moderately increased 41 109 1218 1867 2711 18319 

Severly increased 20 118 582 1080 2464 40567 

 

p-values 

 
Healthy Decreased Normal Moderate Severe 

Healthy 
 

0.020 0.001 0.773 0.001 

Decreased - - 0.138 0.073 0.440 

Normal (diseased) - - - 0.005 0.138 

Moderate increased - - - - 0.012 

Severely increased - - - - - 
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4.2.3.2. Neutrophil count 

 

Descriptive statistics 

 
n Min Quantile_25 Median Quantile_75 Max 

Healthy 35 384 869 1020 1240 2507 

Decreased 14 511 1325 2596 3569 6506 

Normal (diseased) 65 350 1025 1684 2368 14491 

Moderately increased 44 109 1256 1719 2532 7611 

Severely increased 35 118 663 1477 2549 40567 

 

p-values 

 
Healthy Decreased Normal Moderate Severe 

Healthy - 0.001 0.001 0.115 0.001 

Decreased - - 0.084 0.056 0.252 

Normal(diseased) - - - 0.269 0.431 

Moderately increased - - - - 0.166 

Severely increased - - - - - 

 

4.2.3.3. CRP values 

 

Descriptive statistics 

 
n Min Quantile_25 Median Quantile_75 Max 

Healthy 35 384 869 1020 1240 2507 

Normal (diseased) 116 109 1086 1703 2648 40567 

Moderately increased 8 313 999 1823 2550 7000 

Severely increased 32 146 886 1655 2692 18319 
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p-values 

 
Healthy Normal Moderate Severe 

Healthy - 0.001 0.019 0.089 

Normal (diseased) - - 0.663 0.996 

Moderately increased - - - 0.960 

Severely increased - - - - 

 

4.2.3.4. HCT  

 

Descriptive statistics 

 
n Min Quantile_25 Median Quantile_75 Max 

Healthy 35 384 869 1020 1240 2507 

Normal (diseased) 75 146 1034 1651 2183 7000 

Moderately decreased 68 118 1051 1774 3273 14491 

Severely decreased 9 109 2110 3080 18050 40567 

 

p-values 

 
Healthy Normal Moderate Severe 

Healthy - 0.001 0.006 0.001 

Normal (diseased) - - 0.021 0.192 

Moderately decreased - - - 0.054 

Severely decreased - - - - 
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4.3. Serum CXCL8 in canine pyometra and tumor bearing dogs 

 

Regarding dogs with pyometra, no relationship between serum CXCL8 and the 

duration of disease previous to sampling, date of the last estrus, cervical patency and 

the time for recovery after treatment was found.  

In tumor bearing dogs no association between serum CXCL8 and the animal general 

condition, onset of disease in days, amount of tumors, prognosis and outcome was 

found. 

Relevant results of the disease specific analysis of serum CXCL8 in canine pyometra 

and tumor bearing dogs are documented in the following two manuscripts accepted 

for publication: 
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4.3.1 Manuscript I 

 

 

Full paper 

 

TITLE: Canine pyometra: A model for the analysis of serum CXCL8 in 

inflammation 

 

RUNNING HEAD: Serum CXCL8 in Canine Pyometra  

 

AUTHORS. Melanie Haas1), Franz-Josef Kaup2) and Stephan Neumann1) 

 

1) Institute of Veterinary Medicine, Georg August University of Göttingen, 

Burckhardtweg 2, D-37077 Göttingen, Germany (Haas, Neumann); 

2) Pathology Unit, German Primate Center GmbH, Leibniz-Institut for Primate 

Research, Kellnerweg 4, D-37077 Göttingen, Germany (Kaup). 

 

 

Address all correspondence to: Melanie Haas, Tierärztliches Institut Göttingen, 

Burckhardtweg 2 , 37077 Göttingen, Germany; tel: +49 176 70529185; fax: +49 551 

3913919; e-mail: haaster@yahoo.com. 
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ABSTRACT 

 

Interleukin-8 (IL-8 or CXCL8) is a highly selective pro-inflammatory chemokine, that 

is elevated in sera of humans and animals with various inflammatory diseases. 

CXCL8 is possibly involved in uncontrolled inflammation and the development of a 

systemic inflammatory response syndrome (SIRS) and sepsis. Nevertheless, its 

behavior and precise properties in the course of inflammation are not fully 

understood. Thus, we used naturally occurring canine pyometra as a model of 

inflammation, in order to examine the behavior of serum CXCL8 in relation to the 

disease intensity and commonly analyzed inflammatory mediators. Using a 

commercially available canine ELISA kit, a significant increase of CXCL8 was 

determined in the serum of 23 dogs with pyometra compared with 35 healthy dogs. 

Interestingly, serum CXCL8 did not increase in severely diseased patients and 

behaved contrary to white blood cells (WBC), neutrophils and C-reactive protein 

(CRP). The measurement of serum CXCL8 may provide valuable information about 

the extent of ongoing lesions and could be a useful complement for existing 

laboratory tests. 

 

KEY WORDS 

CXCL8, dog, inflammation, pyometra, serum 
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Inflammation is a complex biological response of the innate immune system to 

protect the body from diverse harmful stimuli. However, a massive stimulation or an 

unbalanced immune reaction can lead to SIRS with fatal consequences due to 

generalized tissue destruction and organ dysfunction. The intricate mechanisms of 

this usually well orchestrated process and the cause for an inflammatory overturn are 

not fully understood. Since uncontrolled inflammation leads to a devastating condition 

responsible for most intensive care unit deaths in human and veterinary medicine 

[15], all possibly involved mechanisms are considered important research subjects. 

The chemokine CXCL8 plays a fundamental role in inflammation, as it promotes 

neutrophil migration and activation, inducing the full pattern of responses of these 

cells [3, 6, 31]. A local and systemic elevation of CXCL8 has been found in various 

inflammatory diseases [2, 13, 17, 22, 23, 25] as well as in SIRS [14] and sepsis [7, 

10, 18], but its precise role in the pathomechanism of disease is unclear. Thus, 

knowledge about its behavior during acute and chronic inflammation is of great 

interest in human and veterinary medicine. 

In order to assess this topic, serum CXCL8 was measured in canine pyometra. This 

is a common inflammatory disease of the uterus in intact, sexually mature bitches, 

caused by a secondary bacterial infection [11, 14, 28]. The presence of bacteria 

within the uterus induces the up-regulation of several cytokines and consequently the 

attraction of inflammatory cells. Pyometra is characterized by severe endometrial 

inflammation and accumulation of pus in the uterine lumen, frequently leading to 

endotoxemia and SIRS or sepsis, representing a life threatening condition [12, 24, 

28]. Therefore, an examination of immunological components in dogs with pyometra 
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may provide important insights into general mechanisms operating during diverse 

inflammatory reactions. 

 

MATERIALS AND METHODS 

 

Animals: Twenty-three client-owned female dogs admitted between 2011-2014 to the 

Small Animal Clinic of the University of Goettingen, for diagnosis and subsequent 

surgical treatment (ovariohysterectomy, OHE) of pyometra were included in this 

prospective study. Inclusion criteria were the presence of pyometra without previous 

treatment and the absence of further diseases. Enrolled patients underwent a 

detailed anamnesis, physical examination, complete blood cell count (CBC) and 

serum chemistry. Ultrasonography was performed to determine abnormalities of the 

uterus and their extent. Post-surgical gross evaluation of the uterus was carried out 

to establish the degree of uterine distension, as well as the presence and amount of 

pus in the uterine lumen.  

The control group consisted of 12 healthy client-owned dogs admitted for routine 

health examinations or OHE and 23 healthy dogs from the animal shelter “ETN 

Tierschutzhof Wiesenfeld” in Bad Karlshafen (State of Lower Saxony). The dogs 

were confirmed to be healthy based on their medical history, detailed physical 

examination, CBC and serum chemistry. All samples were acquired with the owner’s 

consent, and the procedure was in accordance with the German “Protection of 

Animals Act” and carried out under the supervision of the animal welfare officer of the 

Faculty of Agriculture, University of Goettingen.  
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Dogs with pyometra had a median age of 8.5 years (range 3-14.6 years), being most 

of them older than 7 years (n = 19). Fifteen different breeds were represented in this 

group. To analyze the behavior of serum CXCL8 in relation to pyometra, the following 

clinical characteristics were taken into consideration: symptomatology, uterine 

distension/filling, time of recovery, WBC, neutrophil count and serum CRP values. 

Dogs were grouped according to the extent of these characteristics, as listed in Table 

1. The grouping of dogs according to the intensity of their symptoms was done using 

the ASA physical status classification system [27]. Dogs without substantive 

functional limitations were considered to have a mild symptomatology, whereas 

patients with severe symptoms showed substantive functional limitations due to 

systemic disease. Yet, it has to be considered that there is no absolute measure of 

severity, as this is a matter of clinical judgment. The classification of the degree of 

uterine distension/filling was based on the diameter of the uterus horns in relation to 

the dogs body weight. For dogs below 15 kg body weight, a uterus horn diameter of 3 

cm was set as limit between the two groups. For dogs above 15 kg body weight, the 

limit was set at 4 cm.  

Healthy dogs had a median age of 4.5 years (range 1.5-11.5 years), being 10 of 

them older than 7 years old. Seventeen dogs were female (8 neutered) and 18 male 

(13 neutered). Seven breeds were represented, but most dogs were of mixed breed 

(n = 25).  

 

Sampling and analysis procedures:  

Blood samples: Blood samples were taken from the cephalic vein previous to 

treatment. Blood samples for CBC were collected in polypropylene tubes with 1.6 mg 
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EDTA/ml blood (Sarstedt AG & Co, Nuembrecht, Germany) and immediately 

analyzed with a CellDyn 3500 Analyzer (Abbott GmbH & Co KG, Wiesbaden, 

Germany). Serum samples required for serum chemistry (including CRP) were 

collected in standard serum tubes (Sarstedt AG & Co) and centrifuged in an 

Eppendorf centrifuge 5424 (Eppendorf AG, Hamburg, Germany) at 3,000 x g for five 

min. Serum was extracted from the tube and analyzed according to standardized 

procedures using a clinical chemistry analyzer (Konelab 20i; Thermo Fischer 

Scientific Inc., Dreieich, Germany) and commercial kits.  

CXCL8 was measured in serum, since preliminary results showed a higher reliability 

than plasma values. Serum samples used to determine the CXCL8 concentrations 

were collected at the same time as the blood for CBC and serum chemistry and were 

then processed following the commercial ELISA kit protocol (R&D Systems, 

Minneapolis, MN, USA). Samples were kept at room temperature for two hr to allow 

clotting and were then centrifuged for 20 min at 1,000 x g. Serum was immediately 

aliquoted with a Pipetman P100 (Gilson, Villers Le Bel, France) and stored at -20°C 

until required for analysis. A storage time of more than three months and repeated 

freeze-thaw cycles were avoided.  

Assessment of CXCL8: Serum CXCL8 levels were measured in triplicate using a 

commercially available canine CXCL8 quantitative ELISA kit (Quantikine, R&D 

Systems) following the manufacturer’s instructions. The optical density of each well 

was determined within 30 min using a TECAN microplate reader at an optical density 

of 450 nm and a wavelength correction of 570 nm. Calibration was performed using a 

standard series of dilutions of recombinant canine CXCL8 provided in the kit. For 

matters of test accuracy a canine CXCL8 control of known concentration was also 
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provided in the kit. The CXCL8 concentration (pg/ml) of each sample was calculated 

through a data analysis software (Magellan, TECAN GmbH, Groedig, Austria). 

According to the manufacturer’s instructions, the assay measures the natural and 

recombinant CXCL8 isoforms of 74 and 79 amino acids, and the minimum detectable 

dose of CXCL8 is 1.26 pg/ml. The assay shows no cross-reactivity with a series of 

cytokines and growth factors. The manufacturer reported mean intra- and inter-assay 

coefficients of variation of 5.6 and 5.3 %, respectively.  

Statistical analysis: Statistical analysis was performed using a commercial software 

(MATLAB and Statistics Toolbox Release 2015b, The Math Works, Inc., Natick, MA, 

U.S.A.). CXCL8 concentrations were grouped according to goal criteria and the null-

hypothesis was tested using a non parametric Mann-Whitney-U-Test. Since clinical 

characteristics are given in ordinal categorical classes, the relation between the 

serum CXCL8 concentration and increase in category was analyzed using 

generalized linear models (GLM). For this, CXCL8 values were analyzed log 

transformed, and both process and observation error were assumed to have 

Gaussian distributions. A p value below 0.05 value was considered statistically 

significant.  

 

RESULTS 

 

No influence of the dogs age, gender and reproductive status on serum CXCL8 

concentrations was found, validating the use of a mixed age and gender control 

group (data not shown). 
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The serum CXCL8 levels of dogs with pyometra ranged from 313.43 pg/ml to 

5987.80 pg/ml, with a median of 1767.4 pg/ml (interquartile range: 813.35-2299.68 

pg/ml). The average serum CXCL8 level in these patients was significantly higher (p 

= 0.026) than in healthy controls (Range: 383.79-2506.50, median: 1019.50 pg/ml, 

and interquartile range: 868.54-1239.0 pg/ml) (Fig.1a). Nevertheless, when analyzing 

serum CXCL8 in relation to the severity of the symptoms, only dogs with mild 

symptoms had significantly higher values than healthy dogs (p = 0.002). Patients with 

severe symptoms had much lower CXCL8 levels than those with mild symptoms (p = 

0.035) and were statistically indistinguishable from the healthy control group (Fig.1b). 

A relationship between the severity of the symptoms and serum CXCL8 was further 

sustained by the use of GLM (p = 0.04). 

Similar results were found for the levels of serum CXCL8 in association to the uterine 

distension due to pus accumulation in the uterine lumen. Dogs with a less filled and 

distended uterus had significantly higher serum CXCL8 values than dogs with a 

massively filled and distended uterus (p = 0.03). Instead, dogs with a massively filled 

uterus had similar values to healthy dogs (Fig.1c). Using GLM, a significant 

association between the symptomatology and the uterus distension was found (p < 

0.001), explaining the similarity of the previous results. Moreover, patients with a 

faster and uncomplicated recovery after surgery had higher initial serum CXCL8 

values than patients with a delayed recovery, but the difference was not significant 

(Data not shown).  

The behavior of WBC and neutrophils was equivalent, since an increase in the WBC 

count during pyometra is mainly caused by a left shift neutrophilia. Given that the 
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function of CXCL8 is almost restricted to neutrophils, only statistical results regarding 

the neutrophil count will be mentioned. An opposed behavior was observed when 

serum CXCL8 values and the neutrophil count were compared. Dogs with pyometra 

and a normal neutrophil count had significantly higher serum CXCL8 values 

compared to healthy dogs (p = 0.01). In the presence of a moderate neutrophilia, 

serum CXCL8 was even higher (p = 0.001), but the values were significantly lower 

when neutrophilia was severe. The serum CXCL8 values of dogs with severe 

neutrophilia were similar to the values of healthy dogs (Fig.2a). Although, the 

neutrophil count tended to be higher in the presence of a more pronounced 

symptomatology, a marked uterine distension and a slow recovery, these 

associations were statistically not significant (Data not shown). 

Similar results were found for CRP. Patients with normal CRP values had 

significantly higher serum CXCL8 concentrations than healthy dogs (p < 0.001) and 

patients with increased CRP levels (p < 0.01), while the last two groups were 

statistically indistinguishable (Fig.2b). Although the neutrophil and CRP levels 

behave in a comparable way, a relationship between both could not be proven. As 

with the neutrophil count, CRP tended to raise with a pronounced symptomatology, a 

marked uterine distension and a slow recovery, but the results were statistically not 

significant (Data not shown). 

A graphical representation of the CXCL8, neutrophil count and CRP values, and their 

association to the symptomatology and the uterine distension remarked the opposed 

behavior of these inflammatory mediators (Fig.3). 
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DISCUSSION 

 

Inflammatory reactions are part of the pathomechanism of multiple diseases, and 

their exacerbation is associated with a high mortality in human and veterinary 

medicine [18]. The inflammatory response is an intricate cross-talk between several 

cytokines, acute phase proteins (APPs) and cells, but many of these ongoing 

interactions remain unclear. The neutrophil chemoattractant CXCL8 is shown to be 

elevated in various inflammatory diseases, but its precise role in the pathophysiology 

of imbalanced inflammatory processes needs to be further clarified [2, 13, 17, 22, 23, 

25]. As a common and well described naturally occurring inflammatory disease, 

canine pyometra represents a good model to study the behavior of serum CXCL8 

and its relation to other inflammatory mediators during inflammation. Since pyometra 

is a disease that affects exclusively females, we first discarded the influence of 

gender on serum CXCL8 by comparing healthy male and female dogs. A difference 

between genders, as well as between neutered and unneutered dogs, was 

statistically discarded. Thus, a mixed gender control group was employed in order to 

increase the groups size and minimize a possible hormonal influence on our results. 

We found that dogs with pyometra have higher serum CXCL8 values than healthy 

dogs. Since CXCL8 is fundamental for the migration and activation of neutrophils, it 

is expected to be elevated in diseased animals [3, 6, 31]. Serum CXCL8 levels in 

dogs with pyometra have seldom been analyzed, but it has been shown that various 

cell types within the uterus produce CXCL8 in response to diverse stimuli, including 

pyometra [5, 11, 16, 30]. The source of CXCL8 measured in sera is unknown and so, 
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a local as well as a systemic secretion has to be taken into consideration. Therefore, 

local and systemic CXCL8 should be compared in future studies. 

When analyzing serum CXCL8 in relation to the severity of the symptoms, only dogs 

with mild symptoms had significantly higher values than healthy dogs. On the other 

hand, the values of healthy dogs and dogs with severe symptoms were alike. Similar 

results were found by Karlsson et al. (2012) in a study about serum CXCL8 canine 

pyometra and by DeClue et al. (2012) who analyzed plasma CXCL8 in septic dogs 

[7, 14]. Both, patients with SIRS or sepsis, had similar values to healthy dogs [7, 14]. 

Nonetheless, dogs without SIRS had lower values than healthy and SIRS positive 

patients [14], being contrary to our results. This can be due to grouping criteria, since 

the clinical signs used to diagnose SIRS are different from the symptoms included in 

our study. Thus, dogs with marked symptoms do not necessarily have SIRS.  

There are various possible reasons for the lacking increase of CXCL8 in the group 

with marked symptoms. First, the raise of serum CXCL8 is transient and can change 

drastically very fast during the course of disease [1, 8, 15]. As the exact moment of 

this dynamic process at sampling time is not known, a physiological decrease cannot 

be discarded. This theory may be supported by the raise of neutrophils and CRP that 

accompanied the CXCL8 decrease, as this may be part of a physiologically 

orchestrated response. Second, low serum CXCL8 values can be due to a poor or 

depleted immune response and thus be related to severe symptoms. Third, 

progesterone is an inhibitor of CXCL8 in uteri and makes this organ more susceptible 

to infection [5, 16, 28, 29, 31]. If the CXCL8 in sera stems from the uterus, its 

decrease may be the result of high progesterone concentrations. Whether 
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progesterone has the same effect on systemically produced CXCL8 has not been 

reported and should be considered for further research. Yet, our analysis regarding 

gender and neutering was statistically irrelevant, making an influence of 

progesterone on circulating CXCL8 unlikely. 

Consistent with the previous results, dogs with a less filled uterus had higher serum 

CXCL8 values than the healthy group and dogs with a massively filled uterus, while 

the last two groups were akin. The similarity to the results regarding the 

symptomatology is not surprising, as the degree of uterus distension and pus 

accumulation within the uterine lumen influences the symptoms intensity. Although, it 

is not known if the lacking serum CXCL8 increase is the cause or the result of a more 

severe disease, it is reasonable that low CXCL8 levels may lead to an impaired 

neutrophil response within the uterus and consequently a worsening of the disease. 

Furthermore, CXCL8 is strongly involved in cervix ripening [5, 16, 30], allowing the 

expulsion of uterus content. Thus, decreased CXCL8 can lead to an impairment of 

this mechanism favoring the accumulation of pus in the uterine lumen [28]. On the 

other hand, if the CXCL8 measured in sera is produced in uteri, an increasingly 

damaged uterus tissue may lead to a decreased CXCL8 production. 

In this study, serum CXCL8 was not increased in dogs with severe leucocytosis and 

neutrophilia when compared to dogs with normal and moderately elevated values. 

Although CXCL8 has a strong effect on neutrophils, this is a dynamic process and 

their concentrations do not change simultaneously and proportionally [1, 8, 9, 21]. 

The raise of CXCL8 is transient, whereas WBCs and neutrophils may stay elevated 

for a longer period of time. In the presence of pyometra, apoptotic 
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polymorphonuclear (PMN) rates are much lower, prolonging PMN survival. 

Interestingly, this is partly enhanced by CXCL8 [24]. Furthermore, a feedback 

mechanism is likely, so that when high levels of neutrophils are reached, a CXCL8 

decrease is induced. Moreover, CXCL8 stimulates neutrophil migration into the 

tissue, causing a decrease in the amount of circulating cells. Thus, an opposed 

behavior of the CXCL8 and neutrophil concentrations in blood is reasonable.  

When comparing CRP and serum CXCL8, contrary concentrations were found. CRP 

has been found to be elevated along with CXCL8 in severe or complicated cases of 

various diseases [4, 8, 20]. However, although the production of CRP and CXCL8 is 

partly regulated by the same cytokines, namely tumor necrosis factor (TNF) and 

interleukin-1 (IL-1), the stimulation and response of each protein vary depending on 

the stimulus, the activation pathway and if it is an acute or chronic inflammation. 

Distinct to CXCL8, CRP is mainly induced by IL-6, and this may determine how CRP 

behaves in relation to CXCL8.[8, 19, 26]. Contrary to CXCL8, CRP leads to an 

inhibition of chemotaxis and modulation of neutrophil function and may therefore be 

stimulated at a different point of the disease. Furthermore, some of the common 

APPs have recently been shown to share the ability to down-regulate the pro-

inflammatory cytokine production and activity in monocytic cells [19]. Since 

monocytes represent an important source of CXCL8, low values may be caused by a 

CRP peak as part of a regulatory mechanism. The opposite behavior of these two 

parameters may also be explained by the location of their production. While CXCL8 

may be produced in uteri and be therefore synthesized very early in the course of the 
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disease, CRP is mainly produced in the liver and may require stronger or systemic 

changes to be stimulated. 

        In conclusion, serum CXCL8 is elevated in dogs with moderate pyometra 

compared to dogs in a severe state of the disease. Low concentrations of serum 

CXCL8 may be part of a well-orchestrated inflammatory response or the 

consequence of a depleted immune system. As it is elevated in dogs with moderate 

pyometra compared to dogs in a severe state of the disease, it is possible that 

CXCL8 plays a protective role in this disease. However, establishing through blood 

tests the exact role of this chemokine in the physiopathology of pyometra and 

inflammation is difficult. Its presence in serum can be due to multiple stimuli, and its 

source and exact functions are unclear. Furthermore, the concentrations of serum 

CXCL8 can change rapidly, and the timing of the assessment is unknown. Still, the 

analysis of serum CXCL8 canine pyometra gives an insight into its behavior in 

inflammation and its interaction with other components of the immune system. 

CXCL8 showed to be a good predictor for the clinical characteristics of pyometra, 

and could be a useful complement for existing laboratory tests, such as the WBC, 

neutrophil and CRP levels. Due to its relatively short half life in serum and a high 

response in diseased animals, serum CXCL8 constitutes a possible indicator of a 

systemic reaction to a stimulus. Nonetheless, CXCL8 is only a small part of the 

complex cross-talk between several cell types and cytokines during inflammation. Its 

analysis is not suitable for establishing a specific diagnosis, but can provide valuable 

information about the physiopathology and extent of ongoing lesions in individual 

animals. 
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Characteristic Clinical features Groups n= 23

Symptomatology Apathy Mild 15

Lethargy Severe 8

Polyuria

Polydipsia

Inappetance

Emesis

Diarrhea

Abdominal pain

Abdominal distension

Vaginal discharge

Uterine distension  Intrauterine pus amount Moderate filled uterus 10

Massively filled uterus 13

Time for recovery Days of hospitalization < 2 Days 14

> 2 Days 9

WBC count 6,000-12,000/µl Normal 6

12,000-25,000/µl Moderate 9

> 25,000/µl Severe 8

Neutrophil count 3,000-9,000/µl Normal 7

9,000-17,000/µl Moderate 5

> 17,000/µl Severe 11

Serum CRP < 15 mg/l Normal 8

 > 15 mg/l Elevated 15

Table 1. Clinical characteristics and grouping of dogs with pyometra
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Fig.1. Dogs with pyometra have higher serum CXCL8 values than healthy patients 

and patients with severe disease. a) Comparison of the serum CXCL8 levels among 

the healthy control group and dogs with pyometra. b) Serum CXCL8 concentrations 

of healthy dogs and dogs with mild and severe symptoms due to pyometra. c) Serum 

CXCL8 concentrations of healthy dogs and dogs with a moderate and severe uterine 

distension. 

* p value < 0.05 

** p value < 0.01 
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Fig.2. Serum CXCL8 values behave oppositely to the neutrophil and CRP values. a) 

Serum CXCL8 concentrations in healthy dogs and dogs with different neutrophil 

counts. b) Comparison of serum CXCL8 among healthy dogs and dogs with normal 

and increased CRP values. 

* p value < 0.05 

** p value < 0.01 
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Fig.3. Serum CXCL8 has an opposed behavior to that of neutrophils and CRP. a) 

Normalized values of serum CXCL8, neutrophils and CRP in each patient. b) 

Normalized values of serum CXCL8, neutrophils and CRP in relationship to the 

symptoms intensity. c) Normalized values of serum CXCL8, neutrophils and CRP in 

relationship to the uterine distension. 
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Abstract 

 

Interleukin-8 (IL-8 or CXCL8) is a pro-inflammatory and angiogenic chemokine 

involved in tumorigenesis. Serum CXCL8 is elevated in various neoplastic diseases, 

but its potential clinical value in veterinary medicine is unknown. Here, we measured 

serum CXCL8 concentrations in 66 dogs with various neoplastic diseases using a 

commercially available canine ELISA kit and analyzed its relationship with patient 

and disease features. Serum CXCL8 was detected in significantly higher 

concentrations in tumor bearing dogs compared with healthy patients (p < 0.001). 
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Interestingly, serum CXCL8 increased with augmenting tumor size while it decreased 

with raising malignancy (p = 0.01 and p < 0.001, respectively). We found no 

correlation with the tumor type, tissue origin and histological features such as 

vascularization, necrosis or infiltrating cells. Some of the associations between 

CXCL8 and neoplastic features stated in human research were corroborated in this 

study, suggesting the need for investigating its relevance in tumor bearing dogs. 

 

      Key words: CXCL8; Dog; Serum; Tumor 

 

Introduction 

 

The prevalence of cancer in dogs is rising and remains a major cause of morbidity 

and mortality (Withrow et al., 2013). Currently available minimally-invasive methods 

are insufficient to determine the precise course of disease, making research on blood 

tumor markers a subject of great importance in veterinary medicine.  

In humans it is shown that increased blood and tumoral CXCL8 correlated with poor 

patient prognosis in a variety of neoplastic processes such as non-Hodgkin´s 

lymphoma, melanoma (Nürnberg et al., 1999), breast (Yokoe et al., 1996), colon 

(Ueda et al., 1994), prostate (Veltri et al., 1999) and ovarian cancer (Yuan et al., 

2005) among others. Blocking the angiogenic activity of CXCL8 has already been 

effective in murine models and the development of humanized monoclonal antibodies 

has enabled several investigations to determine positive effects when suppressing 

CXCL8 signaling in human tumors (Heidemann et al., 2003; Waugh and Wilson, 

2008; Kim et al., 2014). Even though most studies assure the involvement of CXCL8 
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in tumorigenesis, the extent of its influence remains controversial (Yao et al., 2007). 

Some studies report no correlation to angiogenesis and metastatic potential and 

even attribute CXCL8 a positive role in controlling tumor growth (Yuan et al., 2005; 

De Larco et al., 2004; Zuccari et al., 2011; Le et al., 2000). 

There are only few studies on CXCL8 in dogs and these have contradictory results, 

like it happens in human research. An initial study by Zuccari et al. (2011) suggested 

that CXCL8 plays a protective role in canine mammary cancer since its over-

expression was associated with higher survival rates and the absence of metastasis 

(Zuccari et al., 2011). A later study by the same group had opposite results showing 

a positive correlation between high serum CXCL8 values and tumor progression, 

lymph node involvement, metastasis, recurrence and death (Gelaleti et al., 2012). 

Similarly, a more recent study by De Andrés et al. (2013) supported this finding by 

assessing local and serum CXCL8 in benign and malignant mammary gland tumors 

(De Andrés et al., 2013). A study by Kim et al. (2014) on local CXCL8 expression in 

canine hemangiosarcoma suggested that the effect of CXCL8 is mostly indirect and 

that its production is part of an adaptive mechanism used by tumor cells to modulate 

their microenvironment (Kim et al., 2014).      

The need to understand tumorigenesis and to improve currently available minimally-

invasive diagnostic techniques is of great interest to small animal medicine. Serum 

CXCL8 could be a good complement to assess tumor features in dogs. Given this, 

the aim of this study was to determine the potential clinical utility of serum CXCL8 

among prevalent neoplastic diseases in dogs by analyzing its behavior in relation to 

important neoplastic features. 
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Materials and methods 

 

Animals  

 

In this prospective study 66 client-owned dogs were included from dogs presented 

between 2011-2014 for clinical evaluation or therapy at the Small Animal Clinic of the 

University of Göttingen. Inclusion criteria were the presence of a neoplastic disease 

of any kind and the absence of further tumor unrelated conditions. Enrolled patients 

underwent a detailed physical examination, complete blood cell count (CBC) and 

serum chemistry. Case dependent diagnostic procedures were done to diagnose and 

document the neoplastic disease. Cytological or histological examination of the 

neoplastic tissue was performed to establish a concrete diagnosis. As a control 

group, 23 healthy dogs from the animal shelter “ETN Tierschutzhof Wiesenfeld” in 

Bad Karlshafen (State of Lower Saxony) were enrolled. Blood samples were taken as 

part of a routine health examination. The dogs were confirmed to be healthy based 

on their medical history, detailed physical examination, CBC and serum chemistry. 

All samples were acquired with the owner’s consent and the procedure was in 

accordance with the German “Protection of Animals Act” and carried out under the 

supervision of the Commissioner for “Animal Welfare”, Faculty of Agriculture, 

University of Göttingen.  

General, epidemiological and clinical characteristics of the dogs included in this study 

are listed in table 1 and 2. The TNM system (size, lymph node involvement, 

metastasis) established by the WHO (World Health Organization) was taken into 

consideration whenever given information and group size allowed. Four dogs had an 
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uncertain histological result and were only included in the tests where this information 

was not required. For every patient the information listed in table 3 was documented 

and included in the statistical analysis.  

 

Sampling and analysis procedures  

 

Blood samples 

 

Blood samples were collected from the cephalic vein previous to any treatment. 

Plasma samples for CBC were collected in polypropylene tubes with 1.6 mg 

EDTA/ml blood (Fa. Sarstedt AG & Co, Nümbrecht, Germany) and analyzed with a 

CellDyn 3500 Analyzer (Fa. Abbott GmbH & Co KG, Wiesbaden, Germany). Serum 

samples required for serum chemistry were collected in standard serum tubes (Fa. 

Sarstedt AG & Co, Nümbrecht, Germany) and centrifuged in an Eppendorf centrifuge 

5424 (Fa. Eppendorf AG, Hamburg, Germany) at 3000 x g for five minutes. Serum 

was extracted from the tube and analyzed according to standardized procedures 

using a clinical chemistry analyzer (Konelab 20i; Fa. Thermo Fischer Scientific Inc., 

Dreieich, Germany) and commercial kits.  

CXCL8 was measured in serum since preliminary results showed a higher reliability 

than plasma values (data not shown). Serum samples used to determine the CXCL8 

concentrations were processed following the R&D Systems protocol. Samples were 

kept at room temperature for two hours to allow clotting and were then centrifuged for 

20 minutes at 1000 x g. Serum was immediately aliquoted with a Pipetman P100 (Fa. 
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Gilson, Villers Le Bel, France) and stored at -20°C until required for analysis. 

Repeated freeze-thaw cycles were avoided.  

 

Assessment of CXCL8  

 

Serum CXCL8 levels were measured in triplicate using a commercially available 

canine CXCL8 quantitative ELISA kit (Quantikine, R&D Systems, Minneapolis, MN, 

USA) following the manufacturer’s instructions. The optical density of each well was 

determined within 30 minutes using a TECAN microplate reader at an optical density 

of 450 nm and a wavelength correction of 570 nm. Calibration was performed using a 

standard series of dilutions of recombinant canine CXCL8 provided in the kit. The 

CXCL8 concentration (pg/ml) of each sample was calculated through a data analysis 

software (Magellan, Fa. TECAN GmbH, Grödig, Austria). According to the 

manufacturer’s instructions, the assay measures the natural and recombinant CXCL8 

isoforms of 74 and 79 amino acids, and the minimum detectable dose of CXCL8 is 

1.26 pg/ml. The assay shows no cross-reactivity with a series of cytokines and 

growth factors. The manufacturer reported mean intra- and inter-assay coefficients of 

variation of 5.6 and 5.3%, respectively.  

 

Histology 

 

Histological samples were obtained through surgical tumor excision or Tru-Cut 

biopsies. Samples were fixed in 10% buffered formalin, routinely embedded in 

paraffin and stained with hematoxylin and eosin. Histopathological examinations 
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were performed by a board-certified pathologist (European College of Veterinary 

Pathologists, ECVP) and classified according to the WHO histological classification. 

Information on the involvement of inflammatory cells, vascularization, bleedings, 

necrosis and infiltration of adjoining tissue was used to estimate the tumor 

malignancy and documented for statistical analysis on its correlation with serum 

CXCL8 values. 

 

Statistical analysis 

 

Statistical analysis was performed using a commercial software (MATLAB and 

Statistics Toolbox Release 2014a, The Math Works, Inc., Natick, Massachusetts, 

United States). CXCL8 concentrations were grouped according to goal criteria and 

the null-hypothesis that two groups came from the same population was tested with a 

non parametric Mann-Whitney-U-Test. Additionally a link between CXCL8 and 

numeric parameters (age, blood values and onset of disease) was determined by the 

Pearson´s correlation coefficient and Spearman´s rank correlation coefficient. To find 

a threshold serum CXCL8 value that maximizes the discrimination power between 

two groups a receiver operating characteristic analysis (ROC) was used. Since 

epidemiological and clinical characteristics are given in ordinal categorical classes, 

the relation between the serum CXCL8 concentration and increase in category was 

analyzed using generalized linear models (GLM). For this, CXCL8 values were 

analyzed log transformed and both process and observation error were assumed to 

have Gaussian distributions. A p value below 0.05 value was considered statistically 

significant.  
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Results 

 

Through the statistical evaluation of the general characteristics of the control group 

(Table 1) and the documented information (Table 3) an influence of these features on 

serum CXCL8 concentrations was ruled out. This allowed as a first approach to join 

the patients into groups according to epidemiological and clinical characteristics 

(Table 2) without taking general information into account.  

The serum CXCL8 levels of tumor bearing dogs ranged from 109 pg/ml to 7611.2 

pg/ml, with a median of 1750.4 pg/ml (interquartile range: 1307.1 – 2748.8 pg/ml). 

The average level in these patients was significantly higher (p < 0.001) than that of 

healthy controls (Range: 383.79 – 2213.3, median: 946.91 pg/ml, interquartile range: 

671.67 – 1131.6 pg/ml) (Fig. 1a). This difference was significant regardless of the 

size of the tumor (< 2 cm p = 0.007, > 2 cm p < 0.001) or if the tumor was benign (p = 

0.007) or malignant (p < 0.001) (Fig. 1c-d). A CXCL8 cut-off value to discriminate 

healthy from tumor bearing dogs was calculated using a ROC analysis. A value of 

1196.8 pg/ml optimized specificity at 91% and sensitivity at 78% (AUC = 0.8154) 

(Fig. 1b).  

 

Patients with tumors larger than 4 cm had significantly higher values than those with 

tumors of less than 2 cm (p = 0.047) (Fig. 2a). Small (< 2 cm) and medium (2 – 4 cm) 

sized tumors could not be statistically distinguished from each other (p = 0.90), but a 

GLM showed an association between an increase in the size category and a serum 

CXCL8 raise (p = 0.01) (Fig. 2b). 
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The median measurement of serum CXCL8 was lower in tumors of higher 

malignancy, but the categories were not statistically different from each other 

(benign-low p = 0.67, benign-malignant p = 0.52, benign-high p = 0.18, low-malignant 

p = 0.67, low-high p = 0.11, malignant-high p = 0.09) (Fig. 3a). Interestingly, highly 

malignant tumors were indistinguishable from healthy dogs (p = 0.96) (Fig. 3b). 

Based on this trend a GLM relating serum CXCL8 with tumor malignancy was 

employed without a significant result (p = 0.1). Since healthy controls were 

indistinguishable from dogs with highly malignant tumors, this group was included as 

an additional malignancy category. In this case a GLM showed an association 

between an increase in the malignancy category (benign > low > malignant > highly > 

healthy) and a decrease of serum CXCL8 (p < 0.001) (Fig. 3c).  

Serum CXCL8 concentrations were not predictive of the tumor type and a distinction 

was still not possible when size and malignancy were taken into account by using 

GLM (data not shown). Only carcinomas and lymphomas appeared to be significantly 

different from each other (p = 0.03) (Fig. 4a). To test if this difference was caused by 

the tumor size, since there was an increased number of large lymphomas, 

carcinomas were split into two groups according to the tumor size (< 4 cm (n = 9) and 

> 4 cm (n = 9)). This analysis showed that only carcinomas < 4 cm were significantly 

different from lymphomas (< 4 cm p = 0.02, > 4 cm p = 0.23) (Fig. 4b).  

Serum CXCL8 concentrations were not predictive of the tissue origin (epithelial-

mesenchymal p = 0.56, epithelial-lymphocytic p = 0.07, mesenchymal-lymphocytic p 

= 0.13). This distinction was also not possible when size and malignancy information 

was taken into account by using GLM (Data not shown). 
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Finally, serum CXCL8 was statistically unrelated to local neoplastic properties such 

as presence and grade of inflammatory cells, necrosis, vascularization, and 

bleedings (Data not shown). 

 

Discussion 

 

Tumor development is a complex process dependent on multiple factors and 

interactions. Several studies affirm that the highly selective pro-inflammatory and 

angiogenic chemokine Interleukin-8 (IL-8 or CXCL8) is involved in this process and 

therefore, could be a potential tumor marker (Yuan et al., 2005; Kim et al., 2014; 

Raman et al., 2007; Strieter et al., 2004; Koch et al., 1992; Baggiolini et al., 1989; 

Addison et al., 2000). However, research into CXCL8 in veterinary medicine is 

scarce. 

We found that tumor bearing patients have higher serum CXCL8 values than healthy 

dogs. Although the major production of CXCL8 occurs locally as an adaptive 

response of cancer cells to withstand environmental or chemical stresses (Kim et al., 

2014; Raman et al., 2007; Desbaillets et al., 1997; Shi et al., 2001), its concentration 

has been found to be also elevated in the blood of human and canine cancer patients 

(Yokoe et al., 1996; Ueda et al., 1994; Veltri et al. 1999; Gelaleti et al., 2012; De 

Andrés et al. 2013; Konno et al., 2003; Ugurel et al. 2001; Ren et al., 2003; Benoy et 

al., 2004; Lokshin et al., 2006). On the one hand, cells within the tumor tissue are 

known to secrete CXCL8 that may partly escape the tumor environment and reach 

the bloodstream through the vast amount of blood vessels that usually nourish a 

tumor. On the other hand, in healthy individuals and in patients with autoimmune or 
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inflammatory diseases, CXCL8 is produced systemically by inflammatory cells and 

cannot be excluded in tumor bearing patients as an attempt to fight the abnormal 

neoplastic tissue. Yet, serum CXCL8 seems to reflect local neoplastic changes.  

In this study a significant correlation between augmented serum CXCL8 

concentrations and an increasing tumor size was found, being consistent with 

previous studies in humans (Konno et al., 2003; Ren et al., 2003; Ahmed et al., 

2006). Locally, CXCL8 is known to moderate tumor growth and survival through 

neovascularization, as well as autocrine and paracrine mechanisms, but the exact 

reason for its raise in peripheral blood is unknown (Yuan et al., 2005; De Larco et al., 

2004; Raman et al., 2007; Balkwill, 2003). A possible explanation is that large tumors 

are comprised of more cells that secrete CXCL8. Moreover, large tumors commonly 

have a higher inflammatory, hemorrhagic and necrotic component which elicits a 

stronger local CXCL8 expression (Raman et al., 2007). Since larger tumors also 

have a more pronounced vasculature this would facilitate CXCL8 to enter the 

bloodstream. Still, an augmented systemic production of CXCL8 in response to the 

progressing tumor growth and inflammation cannot be discarded. 

Our study revealed that even though tumor bearing patients have higher values than 

healthy patients, serum CXCL8 tended to be lower with increasing malignancy. A 

clear statistical distinction of the stages of malignancy could not be made but a 

negative relation was observable through GLM. Higher malignancy would be rather 

expected to be associated with an increase of CXCL8 in peripheral blood due to its 

mechanisms of action that create a favorable environment for tumor development 

(Heidemann et al., 2003; Raman et al., 2007; Addison et al. 2000; Schruefer et al. 

2005). Nevertheless, previous research on CXCL8 in peripheral blood has been 
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controversial. Studies in humans and dogs have shown, that elevated CXCL8 in sera 

was associated with higher malignancy and an advanced stage of disease in 

breast/mammary gland cancer (Yokoe et al., 1996; Benoy et al., 2004, Gelaleti et al., 

2012; De Andrés et al., 2013), melanoma (Ugurel et al., 2005), hepatocellular 

carcinoma (Ren et al., 2003) and soft tissue sarcoma (Rutkowski et al., 2002). Other 

studies did not find any correlation or suggested that CXCL8 could play a protective 

role in cancer as it was diminished in highly malignant tumors (Yuan et al., 2005; De 

Larco et al., 2004; Zuccari et al., 2011; Le et al., 2000; Derin et al., 2007). However, 

in contrast to our study the relationship between CXCL8 and tumor malignancy has 

mostly been analyzed in specific tumor types. A comparative evaluation of CXCL8 

among different tumor types including benign masses has rarely been done. Thus, 

these are novel results that should be further investigated. 

Interestingly, the results of our study showed that patients with benign masses had 

the highest serum CXCL8 values among all malignancy groups and were therefore 

significantly different from healthy dogs. It has been reported that serum CXCL8 

values are also increased in benign masses, but these levels have not been 

compared to that of malignant tumors (Tamura et al., 2013). Although it is known that 

most tumor cells produce CXCL8, the ability of these cells to express and release 

CXCL8 depends on a proper stimulus that might not be given with increasing 

malignancy (Baggiolini et al., 1989). Another possible reason is that the malignancy-

related local CXCL8 increase leads to a blockage of its systemic production through 

a negative feedback mechanism. So far, such a mechanism has not been described. 

Additionally, serum CXCL8 is susceptible to changes in its concentration due to 

dilution and its reliability to predict local changes should therefore be questioned. 
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Although some studies showed a congruent increase in local and systemic CXCL8 

values (De Andrés et al., 2013; Tamura et al., 2013) a study by Konno et al. (2003) 

found a relationship between CXCL8 and a variety of tumor parameters in drainage 

veins of gastric cancer, whereas no significant relationship in peripheral veins was 

found (Konno et al., 2003). Moreover, the producing cells as well as the function of 

local and systemic CXCL8 may differ so that both should be included and compared 

in future studies.  

In our study serum CXCL8 concentrations were not predictive of the tumor type or 

the tissue origin and was similarly altered regardless of the tumor vascularization, 

tumor necrosis and leucocytes infiltrating the tumor tissue. CXCL8 is predominantly 

produced by leucocytes and endothelial cells (Raman et al., 2007; Strieter et al., 

2004; Baggiolini et al., 1989), and therefore controls leukocyte infiltrate, tumor 

immune response and neovascularization. Yet, serum CXCL8 has only been studied 

separately in various tumor types and information about its correlation with these 

characteristics is limited (Konno et al., 2003; Ugurel et al., 2001; Ren et al., 2003; 

Benoy et al., 2004; Lokshin et al., 2006; Ahmed et al., 2006; Balkwill, 2003; 

Schruefer et al., 2005; Rutkowski et al., 2002; Derin et al., 2007; Tamura et al., 2013; 

Scheibenbogen et al., 1995).  

The lack of statistical significance of certain comparisons may be due to the low 

sample size of some categories and thus larger investigations are warranted. 

Moreover, it is important to analyze which cells are responsible for the serum CXCL8 

increase in tumor bearing dogs to allow detailed research that clarifies the true 

influence and predictive potential of serum CXCL8 in tumorigenesis. 
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Conclusion 

 

The secretion of CXCL8 seems not to be characteristic of a determined neoplastic 

disease but a common event in most tumor patients. Augmented serum CXCL8 

concentrations are dependent on the tumor size and probably its malignancy. 

Although the predictive value of serum CXCL8 in neoplastic diseases was 

insufficient, this study supports that CXCL8 is involved in the pathogenesis of 

neoplastic diseases in dogs. Thus, the extent of its involvement, as well as the exact 

mechanisms and functions of this chemokine in tumorigenesis, should be further 

analyzed in veterinary medicine.  

 

Acknowledgments 

 

We thank Juan Daniel Flórez Weidinger (Max Planck Institute for  Dynamics and 

Self-Organisation) for support on statistical analyses. We thank Rafael Polania, Silvia 

Hennecke and Carmen Murall for discussions. 

 

Funding Information 

 

This research was funded by the Tierärztliches Institut Göttingen, Germany 

 

Author´s contributions 

 

Each of the authors contributed to the research design and the preparation and 



Results 

108 
 

publication of the manuscript. Sampling procedures and data analysis were 

performed by Melanie Haas.  

 

Ethics 

 

The authors declare no conflict of interest. 

 

References 

 

1. Addison C.L., Daniel T.O., Burdick M.D., et al. 2000. The CXC chemokine 

receptor 2, CXCR2, is the putative receptor for ELR+ CXC chemokine-induced 

angiogenic activity. The Journal of  Immunology, 165(9):5269–77.  

DOI: 10.4049/jimmunol.165.9.5269. 

2. Ahmed O., Adel A., Diab D., Gobran N. 2006. Prognostic value of serum level of 

interleukin-6 and interleukin-8 in metastatic breast cancer patients. The Egyptian  

Journal of Immunology, 13(2):61-68. 

http://www.ncbi.nlm.nih.gov/pubmed/18689272. 

3. Baggiolini M., Walz A., Kunkel S.L. 1989. Neutrophil-activating peptide-

1/interleukin 8, a novel cytokine that activates neutrophils. The Journal of Clinical 

Investigation, 84(4):1045–9. DOI:10.1172/JCI114265. 

4. Balkwill F. 2003. Chemokine biology in cancer. Seminars in Immunology, 

15(1):49–55. DOI: 10.1016/S1044-5323(02)00127-6. 

http://dx.doi.org/10.1172%2FJCI114265


Results 

109 
 

5. Benoy I.H., Salgado R., Dam P.V. et al. 2004. Increased Serum Interleukin-8 in 

Patients with Early and Metastatic Breast Cancer Correlates with Early 

Dissemination and Survival. Clinical Cancer Research, 10(21):7157–62.  

DOI: 10.1158/1078-0432.CCR-04-0812. 

6. De Andrés P.J., Illera J.C., Cáceres S., Díez L., Pérez-Alenza M.D., Peña L. 

2013. Increased levels of interleukins 8 and 10 as findings of canine inflammatory 

mammary cancer. Veterinary Immunology and Immunopathology, 152(3–4):245–

51. DOI:10.1016/j.vetimm.2012.12.010. 

7. De Larco J.E., Wuertz B.R., Furcht L.T. 2004. The potential role of neutrophils in 

promoting the metastatic phenotype of tumors releasing interleukin-8. Clinical 

Cancer Research, 10(15):4895–900. DOI: 10.1158/1078-0432.CCR-03-0760. 

8. Derin D., Soydinc H.O., Guney N. et.al.2007. Serum IL-8 and IL-12 levels in 

breast cancer. Medical Oncology, 24(2):163–8.  DOI: 10.1007/BF02698035. 

9. Desbaillets I., de Tribolet N., Hamou M-F., Van Meir E.G. 1997. Upregulation of 

interleukin 8 by oxygen-deprived cells in glioblastoma suggests a role in leukocyte 

activation, chemotaxis, and angiogenesis. The Journal of  Experimental Medicine, 

186(8):1201–12. DOI: 10.1084/jem.186.8.1201. 

10. Gelaleti G.B., Jardim B.V., Leonel C., Moschetta M.G., Zuccari D. 2012. 

Interleukin-8 as a prognostic serum marker in canine mammary gland neoplasias. 

Veterinary Immunology and Immunopathology, 146(2):106–12.  

DOI: 10.1016/j.vetimm.2012.02.005. 

11. Green A.R., Green V.L., White M.C., Speirs V. 1997. Expression of cytokine 

messenger RNA in normal and neoplastic human breast tissue: Identification of 

http://dx.doi.org/10.1016/j.vetimm.2012.12.010


Results 

110 
 

interleukin-8 as a potential regulatory factor in breast tumours. International 

Journal of Cancer , 72(6):937–41. DOI: 10.1002/(SICI)1097-0215(19970917)72 

12. Heidemann J., Ogawa H., Dwinell M.B., et al. 2003. Angiogenic effects of 

interleukin 8 (CXCL8) in human intestinal microvascular endothelial cells are 

mediated by CXCR2. Journal of Biological Chemistry, 278(10):8508–15.  

DOI: 10.1074/jbc.M208231200. 

13. Kim J-H., Frantz A.M., Anderson K.L., et al. 2014. Interleukin-8 promotes canine 

hemangiosarcoma growth by regulating the tumor microenvironment. 

Experimental Cell Research, 323(1):155–64. DOI:10.1016/j.yexcr.2014.02.020. 

14. Koch A.E., Polverini P.J., Kunkel S.L., et al. 1992. Interleukin-8 as a macrophage-

derived mediator of angiogenesis. Science, 258(5089):1798–801.  

DOI: 10.1126/science.1281554. 

15. Konno H., Ohta M., Baba M., Suzuki S., Nakamura S. 2003. The role of 

circulating IL-8 and VEGF protein in the progression of gastric cancer. Cancer 

Science, 94(8):735–40. DOI: 10.1111/j.1349-7006.2003.tb01511.x. 

16. Le X., Shi Q., Wang B., et al. 2000. Molecular regulation of constitutive 

expression of interleukin-8 in human pancreatic adenocarcinoma. Journal of 

Interferon & Cytokine Research, 20(11):935–46.  

DOI: 10.1089/10799900050198372. 

17. Lokshin A.E., Winans M., Landsittel D., Marrangoni A.M., Velikokhatnaya L., 

Modugno F., et al. 2006. Circulating IL-8 and anti-IL-8 autoantibody in patients 

with ovarian cancer. Gynecologic Oncology, 102(2):244–51. 

DOI:10.1016/j.ygyno.2005.12.011. 

http://dx.doi.org/10.1016/j.yexcr.2014.02.020


Results 

111 
 

18. Nürnberg W., Tobias D., Otto F., Henz B.M., Schadendorf D. 1996. Expression of 

interleukin-8 detected by in situ hybridization correlates with worse prognosis in 

primary cutaneous melanoma. The Journal of Pathology, 189(4):546–51.  

DOI: 10.1002/(SICI)1096-9896(199912)189. 

19. Raman D., Baugher P.J., Thu Y.M., Richmond A. 2007. Role of chemokines in 

tumor growth. Cancer Letters, 256(2):137–65. DOI:10.1016/j.canlet.2007.05.013. 

20. Ren Y., Poon R.T., Tsui H. et al. 2003. Interleukin-8 serum levels in patients with 

hepatocellular carcinoma correlations with clinicopathological features and 

prognosis. Clinical Cancer Research, 9(16):5996–6001. 

http://clincancerres.aacrjournals.org/content/9/16/5996. 

21. Rutkowski P., Kaminska J., Kowalska M., Ruka W., Steffen J. 2002. Cytokine 

serum levels in soft tissue sarcoma patients: Correlations with clinico-pathological 

features and prognosis. International  Journal of Cancer, 100(4):463–71.  

DOI: 10.1002/ijc.10496. 

22. Scheibenbogen C., Möhler T., Haefele J., Hunstein W., Keilholz U. 1995. Serum 

interleukin-8 (IL- 8) is elevated in patients with metastatic melanoma and 

correlates with tumor load. Melanoma Research, 5(3):139-195. 

http://www.ncbi.nlm.nih.gov/pubmed/7640519. 

23. Schruefer R., Lutze N., Schymeinsky J., Walzog B. 2005. Human neutrophils 

promote angiogenesis by a paracrine feedforward mechanism involving 

endothelial interleukin-8. American Journal of Physiology-Heart and Circulatory 

Physiology, 288(3):H1186–1192.  DOI: 10.1152/ajpheart.00237.2004. 

http://dx.doi.org/10.1016/j.canlet.2007.05.013


Results 

112 
 

24. Shi Q., Xiong Q., Le X., Xie K. 2001. Regulation of interleukin-8 expression by 

tumor-associated stress factors. Journal of Interferon and Cytokine Research, 

21(8):553–66. DOI:10.1089/10799900152547812. 

25. Strieter R.M., Belperio J.A., Phillips R.J., Keane M.P. 2004. CXC chemokines in 

angiogenesis of cancer. Seminars in Cancer Biology, 14(3):195–200. 

DOI:10.1016/j.semcancer.2003.10.006. 

26. Tamura Y., Ohta H., Torisu S. et al. 2013. Markedly increased expression of 

interleukin-8 in the colorectal mucosa of inflammatory colorectal polyps in 

miniature dachshunds.Veterinary Immunology and Immunopathology, 156(1–

2):32–42. DOI: 10.1016/j.vetimm.2013.09.017. 

27. Ueda T., Shimada E., Urakawa T. 1994. Serum levels of cytokines in patients with 

colorectal cancer: possible involvement of interleukin-6 and interleukin-8 in 

hematogenous metastasis. Journal of  Gastroenterology, 29(4):423–9. 

http://link.springer.com/article/10.1007/BF02361238. 

28. Ugurel S., Rappl G., Tilgen W., Reinhold U. 2001. Increased serum concentration 

of angiogenic factors in malignant melanoma patients correlates with tumor 

progression and survival. Journal of Clinical Oncology, 19(2):577–83. 

http://jco.ascopubs.org/content/19/2/577. 

29. Veltri R.W., Miller M.C., Zhao G., et al. 1999. Interleukin-8 serum levels in patients 

with benign prostatic hyperplasia and prostate cancer. Urology, 53(1):139–47. 

http://dx.doi.org/10.1016/S0090-4295(98)00455-5. 

30. Waugh D.J., Wilson C. 2008. The interleukin-8 pathway in cancer. Clinical Cancer 

Research, 14(21):6735–41. DOI: 10.1158/1078-0432.CCR-07-4843. 

http://dx.doi.org/10.1016/j.semcancer.2003.10.006
http://link.springer.com/article/10.1007/BF02361238


Results 

113 
 

31. Withrow S.J., Vail D.M., Page R. 2013. Withrow and MacEwen’s small animal 

clinical oncology, 5th ed. St.Louis, USA. Elsevier Health Sciences.  

ISBN: 978-1-4377-2362-5, pp: 1-2.  

32. Yao C., Lin Y., Chua M-S., et al. 2007. Interleukin-8 modulates growth and 

invasiveness of estrogen receptor-negative breast cancer cells. International  

Journal of  Cancer, 121(9):1949–57. DOI: 10.1002/ijc.22930. 

33. Yokoe T., Iino Y., Takei H., et al. 1996. Changes of cytokines and thyroid function 

in patients with recurrent breast cancer. Anticancer Research, 17(1B):695–9. 

http://europepmc.org/abstract/med/9066604. 

34. Yuan A., Chen J.J., Yao P-L., Yang P-C., et al. 2005. The role of interleukin-8 in 

cancer cells and microenvironment interaction. Frontiers in Bioscience, 10:853–

65. http://dx.doi.org/10.2741/. 

35. Zuccari D., Castro R., Gelaleti G.B., Mancini U.M. 2011. Interleukin-8 expression 

associated with canine mammary tumors. Genetics and  Molecular Research, 

10(3):1522–32. DOI: 10.4238/vol10-3gmr1145. 

  



Results 

114 
 

Table 1. General characteristics of the healthy control dogs and tumor bearing 
dogs 

      

 
Tumor bearing patients (n = 66) Healthy control group (n = 23) 

      

Age (in years) Median = 9,6  Median = 5,2 

 
Range = 1,9-15,8 Range = 1,5-11,5 

 
3-7: n = 16 < 3: n = 3 

 
>7: n = 49 3-7: n = 12 

  
>7: n = 4 

      

Gender  Female n = 41 Female n = 5 

 
Neutered females n = 11 Neutered females n = 4 

 
Male n = 25 Male n = 18 

 
Neutered males n = 9 Neutered males n = 13 

      

Breed Mixed n = 21 Mixed n = 20 

 
Golden Retriever n = 5 German Shepherd n = 2 

 
Bavarian Mountain Hound n = 4 Boxer n = 1 

 
Teckel n = 4 

 

 
Australian Shepherd n = 2 

 

 
Hovawart n = 2 

 

 
Old German Herding Dog n = 2 

 

 
Bernese Mountain Dog n = 2 

 

 
Cocker Spaniel n = 2 

 

 
German Shepherd n = 2 

 

 
Airdale Terrier n = 2 

 

 
Dalmatian n = 2 

 

 
Labrador Retriever n = 2 

 

 
Other breeds n = 14 
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Table 2. Epidemiological and clinical characteristics of tumor bearing 
dogs 

        

  
n = 66 % 

        

Malignancy Benign 10 15,15 

 
Low malignant 10 15,15 

 
Malignant 35 53,03 

 
Highly malignant 7 10,61 

 
Unknown 4 6,06 

        

Tumor type Carcinoma 20 30,30 

 
Sarcoma 8 12,12 

 
Lymphoma 5 7,58 

 
Mastocytoma 5 7,58 

 
Malignant Histiocytosis 1 1,52 

 
Mixed Tumors 3 4,55 

 
Benign Tumors 12 18,18 

 
Other tumor types 13 19,70 

        

Tissue of origin Epithelial 26 39,39 

 
Mesenchymal 17 25,76 

 
Lymphocytic 5 7,58 

 
Other tissues of origin 18 27,27 

        

Affected organ Mammary gland 27 40,91 

 
Skin 6 9,09 

 
Spleen 6 9,09 

 
Liver 7 10,61 

 
Other organs 20 30,30 

        

Tumor size < 2 cm 14 21,21 

 
2-4 cm 14 21,21 

 
> 4 cm 30 45,45 

 
Diffuse 3 4,55 

        

     

  



Results 

116 
 

Table 3. Documented information 
      

Animals general condition Good 
 

 
Moderate 

 

 
Poor 

       

CBC and serum chemistry  Numeric values 
 

 
Groups Low 

  
Normal 

  
Mildly increased 

  
Highly increased 

      

 Onset of disease In days 
       

 Amount of tumors Numeric values 
       

Histological characteristics  
 Inflammatory 
cells Lymphoplasmatic 

(of the tumor) 
 

Mononuclear 

  
Mixed 

 
Vascularization  No 

  
Low-moderate 

  
High 

 
Bleedings No 

  
Low-moderate 

  
High 

 
Necrosis No 

  
Low-moderate 

  
High 

 
Tissue invasion 

Lymphatic 
vessels 

  
Conective tissue 

  
Intraductal 

  
Adipose tissue 

  
Blood vessels 

  
Multiple 

         

Prognosis  Good 
 

 
Guarded 

 

 
Poor 
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Outcome Remission 
 

 
No change 

 

 
Recurrence 

 

 
Death-euthanasia 
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Fig. 1. Tumor bearing patients have higher serum CXCL8 values than healthy dogs. 

a) Comparison of  the serum CXCL8 levels among the healthy control group and 

tumor bearing patients showing a significant difference (p < 0.001). b) Receiver 

operating characteristic analysis of the healthy control group and tumor bearing 

patients. A discrimination of the groups can be made at a CXCL8 cutoff value of 

1196.8 pg/ml with a specificity of 91% and a sensitivity of 78% (AUC = 0.8154). c-d) 

Comparison of the healthy control group and tumor bearing dogs grouped in tumor 

size < 2 cm and > 2 cm (c) and benign and malignant tumors (d), showing that the 

difference between healthy and tumor bearing patients is significantly independent of 

tumor size and malignancy. 
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Fig. 2. An increase in tumor size is associated with rising concentrations of CXCL8 in 

serum. a) Comparison of serum CXCL8 concentrations among different tumor sizes. 

b) Generalized linear model log(CXCL8) ~ 1+tumor size shows a significant positive 

relationship. 
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Fig. 3. An increase in tumor malignancy is associated with a decrease in serum 

CXCL8 levels. a) Comparison of serum CXCL8 among  the different categories of 

malignancy with no significant difference between the groups. b) Comparison of 

serum CXCL8  between the healthy control group, highly malignant and a group 

consisting of categories lower than highly malignant tumors. Highly malignant tumors 

are not significantly different from healthy patients c) Generalized linear model  log 

(CXCL8) ~ 1+malignancy (including the healthy control groups as a malignancy 

category) shows a significant negative relationship. 
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Fig. 4. Serum CXCL8 concentrations were not predictive of the tumor type. a) 

Comparison of serum CXCL8 among the most common tumor types of the sample 

set. Only carcinoma and lymphoma were statistically different from each other (p = 

0.03) b) Comparison of lymphoma and carcinomas grouped in tumor size < 4 cm and 

> 4 cm. A significant difference between carcinoma and lymphoma is size dependent. 
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5. GENERAL DISCUSSION  

 

The pro-inflammatory and angiogenic chemokine CXCL8 appears to be strongly 

involved in the pathogenesis of acute and chronic inflammatory diseases as well as 

in tumorigenesis. Although it is a widely studied chemokine in human medicine, its 

precise link to several diseases remains unclear. The evaluation of CXCL8 in 

peripheral blood is useful to broaden the knowledge about its behavior and its 

possible clinical use in human and veterinary medicine. 

For the evaluation of circulating CXCL8 in dogs, some studies have used canine 

multiplex analyses (KARLSSON et al. 2012) or human sandwich chemiluminiscent 

immunoassays (DE ANDRÉS et al., 2013). Nevertheless, the quantitative 

determination of plasma or serum CXCL8 has mostly been accomplished using a 

commercially available canine CXCL8 ELISA (DECLUE et al., 2012; GELALETI et 

al., 2012; TAMURA et al., 2013; FOSTER et al., 2014). As ELISA is an established 

procedure that is easy to carry out, the determination of canine CXCL8 could be 

established as a routine laboratory procedure if it is confirmed to be a useful tool for 

clinicians. 

 

The initial aim of this dissertation was to determine through the use of a canine 

CXCL8 ELISA, possible differences in serum CXCL8 values among dogs with 

commonly occurring diseases and herewith detect possible CXCL8-linked processes. 

Later on, the analysis was focused on the behavior of CXCL8 in canine pyometra 

and tumor bearing dogs in order to determine its association with disease 

characteristics and severity. Furthermore, the relation between serum CXCL8 and 

routine laboratory inflammation parameters such as WBC, neutrophil count and CRP 

values was examined. 

 

As a first approach it was important to determine if CXCL8 concentrations would vary 

in relation to determined animal characteristics like age, gender and neutering status, 
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since this could have had an influence on further study results. No relationship 

between serum CXCL8 and the dogs age, gender and neutering status was found 

coinciding with previous findings (TIMMONS et al., 2006; ARICAN et al., 2005). This 

allowed the analysis of serum CXCL8 among diverse conditions without taking into 

consideration these general aspects. 

Dogs with a variety of diseases were sampled in order to analyze the influence of 

pathologic processes and specific hematological changes on serum CXCL8 levels. 

Most of the analyzed diseases presented significantly higher serum CXCL8 values 

than healthy dogs similar to the results of studies into concrete diseases (ABE et al., 

1993; RAGHUPATHY et al., 1998; POLYAK et al., 2001; OSMAN et al., 2002; 

SIMMONS et al., 2004; ARICAN et al., 2005; HAGMAN, 2012). Serum CXCL8 levels 

were similarly increased in all the diseases examined in this study allowing to 

conclude that it is not possible to distinguish the presence of a specific disease 

based on the blood levels of this chemokine. Interestingly, anemic patients had the 

highest CXCL8 values among all evaluated diseases and were therefore significantly 

different from most of them. When examining the HCT values it was observable that 

CXCL8 was highest when the HCT was severely decreased. A possible explanation 

herefore is that red blood cells express a Duffy antigen receptor for chemokines 

(DARC) that serves as a sink for excess chemokine in the body (KASHIWAZAKI et 

al., 2003; RAMAN et al., 2007; VANDERCAPPELLEN et al., 2008). Although DARC 

is also expressed by epithelial, endothelial and tumor cells (KASHIWAZAKI et al., 

2003; VANDERCAPPELLEN et al., 2008), a lack of red blood cells may lead to a 

considerable decrease of DARC and a reduced decoy effect, allowing chemokine 

levels to raise abnormally. Due to a reduced group size a more profound evaluation 

into this topic was not possible, making it an interesting field for future research.  

Higher serum CXCL8 values were also associated with the patients outcome when 

analyzed among all diseases. Serum CXCL8 values were higher in patients that died 

compared to the ones that recovered. Surprisingly, in euthanized dogs values were 

similar to those of dogs that recovered. Although similar results have been found in 

studies into concrete diseases in humans and animals (POLYAK et al., 2001; 

OSMAN et al., 2002; SIMMONS et al., 2004; GELALETI et al., 2012), these findings 
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contradict some of our results that suggest that low serum CXCL8 values are related 

to a worse clinical condition. Furthermore, when evaluating more homogeneous 

groups such as pyometra and neoplasias, serum CXCL8 was lower in patients with a 

bad outcome although the difference was not significant.  

The behavior of serum CXCL8 in relation to the WBC, neutrophil count and CRP 

values was similar in all cases. Dogs with leucopenia, neutropenia or normal CRP 

values had the highest serum CXCL8 concentrations, while dogs with severely 

elevated WBC, neutrophil counts and CRP values had the lowest levels. Although in 

this analysis the results did not reach statistical significance, the findings are 

congruent to the evaluation of these associations in dogs with pyometra and will be 

discussed further on.  

No statistical significance was found between serum CXCL8 values, the duration of 

the disease previous to sampling and the patients prognosis.  

The lack of statistical significance of the mentioned analyses may be the result of the 

great group heterogeneity. The magnitude and the possible consequences, and 

herewith the prognosis and outcome, of a pathological process is very different in 

each disease. Therefore, the results of these comparisons within a heterogeneous 

group of diseases should be questioned. However, due to reduced group sizes a 

disease specific evaluation of these findings was not possible and requires further 

research. 

 

Pyometra was selected as a model to analyze the behavior and clinical value of 

serum CXCL8 in inflammation since it is a common and well-characterized 

inflammatory disease in dogs. 

A massive stimulation or an unbalanced immune reaction is the cause of several 

diseases and can lead to a SIRS with fatal consequences. Due to its functions an 

involvement of CXCL8 in uncontrolled inflammation and sepsis is suspected and has 

been found to be elevated in the sera of humans and some animals with various 

inflammatory diseases (HACK et al., 1992; KANEKO et al., 2000; POLYAK et al., 

2001; OSMAN et al., 2002; SILVESTRI et al., 2006; ARICAN et al., 2005; DECLUE 

et al., 2012; KARLSSON et al., 2012). Thus, the focus of the first study was to 
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evaluate the behavior and clinical value of serum CXCL8 in inflammation by 

measuring it in dogs with different stages of pyometra and comparing it with 

commonly measured inflammatory mediators.  

In dogs, pyometra is a common naturally occurring inflammatory disease with a fatal 

outcome when left untreated. Although not all involved processes are fully 

understood, it is a well-described disease and therefore a good model of 

inflammation for the analysis of canine serum CXCL8.  

In the present study, dogs with severe pyometra showed similar serum CXCL8 

concentrations than healthy dogs, whereas dogs with mild symptoms and a less filled 

uterus had significantly higher serum CXCL8 values than the previous two groups. 

So far, serum CXCL8 levels in dogs with pyometra have only been analyzed once 

(KARLSSON et al., 2012). In this study it was reported that dogs with SIRS due to 

pyometra had similar serum CXCL8 values than healthy patients, but SIRS negative 

dogs with pyometra had much lower values than healthy and SIRS positive patients 

(KARLSSON et al., 2012). Similar results were found by DECLUE et al. (2012) in 

septic dogs (DECLUE et al., 2012). A possible reason for this discrepancy may be 

the grouping criteria, since the clinical signs used to diagnose SIRS and sepsis are 

different from the symptoms included in this study. Thus, dogs with marked 

symptoms and a pronounced uterine distension do not necessarily have a SIRS or 

septicemia. Furthermore, as both previously mentioned studies did a single sampling, 

the sampling point may differ from the one in my study. However, there are various 

plausible explanations for our findings. First, the raise of serum CXCL8 is transitory 

and can change rapidly during the course of disease (MARTICH et al., 1991; ABE et 

al., 1993; ENGEL et al., 1999). A physiological decrease is possible as the precise 

state of this dynamic process at sampling time is unknown. This theory is supported 

by the raise of neutrophils and CRP that accompanied the CXCL8 decrease, pointing 

to a physiologically orchestrated response. Second, the extent of pyometra and the 

severity of the symptoms may be related to the duration it has been developing. 

Given that CXCL8 is mainly a mediator of acute inflammation, its decrease may be 

the product of a certain disease chronicity. Third, low serum CXCL8 values may be 

the result of a poor or depleted immune response, thus consequently be related to 
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severe symptoms. Fourth, progesterone is an inhibitor of CXCL8 in uteri and makes 

this organ more susceptible to infection (CHWALISZ et al., 1994;  MITCHELL et al., 

2002; SUGIURA et al., 2004; SMITH, 2006; TAMADA et al., 2012). If the CXCL8 in 

sera stems from the uterus, its decrease could be the result of high progesterone 

concentrations.  

When comparing serum CXCL8 with the neutrophil counts and CRP levels we found 

that they had opposite behavior. Similar results were found when comparing these 

laboratory parameters in the total number of dogs analyzed for this dissertation, 

supporting this finding and indicating that it is not exclusive for pyometra. According 

to literature, inflammation is a dynamic process and the concentrations of 

inflammatory mediators do not necessarily correlate as they are induced through 

diverse pathways and at different points of a pathological process (ABE et al., 1993; 

ENGEL et al. 1999; FIBBE et al., 1999; PIETRZAK et al., 2000). Chemokines are 

part of the innate immune response and are secreted in high amounts right at the 

beginning of disease, partly even before a cell-mediated response has started. 

Nevertheless, their raise is only transient as their clearance is fast (SCHWIEBERT, 

2005). Instead, neutrophils increase in the bloodstream later on and can be elevated 

for a longer period of time due to low apoptotic rates and a prolonged survival (SANO 

et al., 2004). It is also likely that CXCL8 decreases as soon as high levels of 

neutrophils are reached. Additionally, CXCL8 induces neutrophil migration into the 

tissue, causing a decrease in circulating cells while CXCL8 keeps elevated in blood. 

Regarding CRP, this APP leads to an inhibition of chemotaxis and modulation of 

neutrophil function and often correlates with the neutrophil count (CERÓN et al., 

2005). Although, the production of CRP and CXCL8 is partly regulated by the same 

cytokines, namely TNF and IL-1, the stimulation and response of each protein 

depends on the stimulus and the phase of the disease (ENGEL et al., 1999; 

PETERSEN et al., 2004; SIMMONS et al., 2004). Furthermore, some of the common 

APPs have recently been shown to share the ability to down-regulate the pro-

inflammatory cytokine production and activity in monocytic cells (PETERSEN et al., 

2004). Since monocytes represent an important source of CXCL8 (YOSHIMURA et 
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al., 1987a), low values may be caused by a CRP peak as part of a regulatory 

mechanism.  

Serum CXCL8 showed to correlate with the examined clinical characteristics of 

pyometra, supporting a possible involvement of this chemokine in the occurrence and 

severity of the disease. Due to its relatively short half-life in serum and a high 

response in diseased animals, serum CXCL8 constitutes a possible additional 

indicator for local and systemic reactions. 

 

Regarding neoplastic diseases, there is a great need to understand tumorigenesis 

and to improve currently available diagnostic techniques in human and veterinary 

medicine. CXCL8 is an important topic in cancer research due to its pro-inflammatory 

and angiogenic effect. Although the precise role and clinical utility of CXCL8 in 

cancer remains controversial, the involvement of CXCL8 in tumorigenesis seems 

undeniable. Thus, the aim of the second study was to assess the behavior of serum 

CXCL8 among the most prevalent neoplastic diseases in dogs and determine its 

relation to important tumor characteristics. Neoplasias share many features, allowing 

the inclusion of a variety of tumorous diseases for the examination of the relationship 

of serum CXCL8 and important neoplastic characteristics such as malignancy, size, 

tumor vascularization, tissue necrosis and intratumoral cell infiltration.  

In humans, local and systemic CXCL8 is elevated in multiple neoplastic diseases like 

melanoma (NÜRNBERG et al., 1999), breast (YOKOE et al., 1996), colon (UEDA et 

al., 1994), prostate (VELTRI et. al., 1999) and ovarian cancer (YUAN et al., 2005) 

among others. Although the prevalence of cancer in dogs is rising and remains a 

major cause of morbidity and mortality, the analysis of CXCL8 in canine 

tumorigenesis is scarce. A study by ZUCCARI et al. (2011) suggested that CXCL8 

plays a protective role in canine mammary cancer, as its local over-expression 

correlated with higher survival rates and the absence of metastasis (ZUCCARI et al., 

2011). Nevertheless, a later study by the same group on serum CXCL8 had contrary 

results. In this case, high serum CXCL8 values were associated to a fast tumor 

progression, lymph node involvement, metastasis, tumor recurrence and death 
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(GELALETI et al., 2012). DE ANDRÉS et al. (2013) supported the last findings by 

assessing local and serum CXCL8 in benign and malignant mammary gland tumors 

(DE ANDRÉS et al., 2013). According to a study by KIM et al. (2014) on canine 

hemangiosarcoma, the effect of CXCL8 on tumors is mostly indirect and its 

production is part of an adaptive mechanism used by tumor cells to modulate their 

microenvironment (KIM et al., 2014).  

In the present study, tumor bearing patients showed significantly higher serum 

CXCL8 concentrations than healthy patients, coinciding with previous findings 

(GELALETI et al., 2012; DE ANDRÉS et al., 2013; KIM et al., 2014). The source of 

CXCL8 measured in serum is unknown, but it seems to reflect local neoplastic 

changes. Thus, it is likely that the CXCL8 known to be secreted by tumor cells 

escapes the tumor environment, reaching the bloodstream through the vast amount 

of blood vessels that usually nourish a tumor. Yet, a systemic production by 

inflammatory cells cannot be discarded.  

Consistent with other studies, a significant association between augmented serum 

CXCL8 concentrations and an increasing tumor size was found (KONNO et al., 2003; 

REN et al., 2003; AHMED et al., 2006). CXCL8 is known to be locally increased and 

to moderate tumor growth and survival through neovascularization, as well as 

autocrine and paracrine mechanisms (BALKWILL, 2003; DE LARCO et al., 2004; 

RAMAN et al., 2007; YUAN et al., 2005). The reason for its systemic increase is 

unclear, but large tumors possibly secrete larger amounts of CXCL8 as they are 

comprised of more cells. Large tumors commonly also have a higher inflammatory, 

hemorrhagic and necrotic component. According to literature this elicits a stronger 

CXCL8 expression (RAMAN et al., 2007), but could not be confirmed in our study. 

Since larger tumors also have a more pronounced vasculature this may favor CXCL8 

to enter the bloodstream. Alternatively, progressing tumor growth probably elicits a 

stronger systemic immune response and herewith a systemic CXCL8 elevation.  

Surprisingly, serum CXCL8 was lower in increased malignancy. Patients with benign 

masses had the highest serum CXCL8 values among all malignancy groups and 

were therefore significantly different from healthy dogs, while highly malignant tumors 

were not. Although a clear statistical distinction of the stages of malignancy could not 
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be made, a negative trend was observable. Higher malignancy would be expected to 

be linked to augmented CXCL8 in peripheral blood, because it is known to create a 

favorable environment for tumor development (ADDISON et al., 2000; HEIDEMANN 

et al., 2003; SCHRUEFER et al., 2005; RAMAN et al., 2007). Nevertheless, previous 

research on circulating CXCL8 has shown controversial results. On one hand 

research in various neoplastic diseases has yielded a correlation between elevated 

serum CXCL8, a higher malignancy and an advanced stage of disease (YOKOE et 

al., 1996; UGUREL et al., 2001; RUTKOWSKI et al., 2002; BENOY et al., 2004; REN 

et al., 2003). On the other hand other studies did not find any correlation or even 

suggested that CXCL8 could play a protective role in cancer (KONNO et al., 2003; 

DE LARCO et al., 2004; YUAN et al. 2005; DERIN et al., 2007; ZUCCARI et al., 

2011). In contrast to this study, the relationship between CXCL8 and tumor 

malignancy has mostly been measured in specific tumor types. Although increased 

serum CXCL8 values have also been reported for benign masses (TAMURA et al., 

2013), a comparative evaluation of CXCL8 among different tumor types has seldom 

been done. Thus, it is unclear if the ability of cells to express and release CXCL8 

changes with increasing malignancy, or if a malignancy-related local CXCL8 increase 

may lead to a blockage of its systemic production through a negative feedback 

mechanism.  

Serum CXCL8 concentrations did not differ according to the tumor type or the tissue 

origin and were similarly altered regardless of the tumor vascularization, tumor 

necrosis and leucocytes infiltrating the tumor tissue. As all groups showed a similar 

CXCL8 distribution, the secretion of CXCL8 does not seem to be characteristic of a 

determined neoplastic disease but a common event in most tumor patients. Serum 

CXCL8 has only been studied separately in various tumor types and information 

about its behavior among diverse neoplasias and their characteristics is unknown.  

In this study the lack of statistical significance of certain associations was probably 

due to the low sample size of some categories and thus larger investigations are 

needed. However, this study shows that augmented serum CXCL8 concentrations 

are common in tumor bearing dogs and are mainly dependent on the tumor size. 

Although based on our results a negative correlation to tumor malignancy is 
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suspected larger studies are warranted to confirm this. The presence of elevated 

serum CXCL8 values in tumor bearing dogs suggests a role of this chemokine in 

neoplastic diseases, stressing the importance of further research on this topic. 

 

In conclusion, the analysis of CXCL8 in blood is not suitable for establishing a 

specific diagnosis as it is elevated in diverse inflammatory and neoplastic diseases. 

The correlation of serum CXCL8 and determined disease features suggests an 

involvement of this chemokine in the physiopathology of various diseases. Yet, 

determining its exact physiopathological role based on circulating CXCL8 is 

problematic, as its presence in blood can be the result of its secretion by several cell 

types and multiple stimuli. The mechanism of secretion, amount and half-life of local 

and systemic CXCL8 may also differ, so both should be taken into consideration 

(KONNO et al., 2003). Additionally, serum CXCL8 is susceptible to changes in its 

concentration due to dilution, storage in tissue and degradation, thus its reliability to 

predict local changes have to be questioned (ARICAN et al., 2005). Moreover, 

cytokine production is dynamic in nature and it is feasible that the peak production is 

missed by a single sampling point. Therefore, a serial evaluation of CXCL8 is 

recommended to gather more precise information. However, circulating CXCL8 was 

always within the measureable range and showed significant fluctuations depending 

on disease characteristics, suggesting that it could be a useful tool for the estimation 

of the course and severity of diseases. When evaluated together with other 

parameters, serum CXCL8 could improve the knowledge about ongoing processes. 

For this purpose the establishment of sampling protocols and exact reference values 

are warranted.  
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6. SUMMARY 

 

Melanie Haas 

 

Evaluation of the behavior and clinical utility of serum CXCL8 (Interleukin-8) in 

canine pyometra and tumor bearing dogs 

 

CXCL8 is a pro-inflammatory and angiogenic chemokine that is produced by multiple 

cell types in response to diverse stimuli. Its local and systemic increase has been 

found in several inflammatory and neoplastic diseases in humans and some animal 

species and is therefore considered a potential diagnostic and prognostic marker, as 

well as a possible therapeutic tool. Yet, research into circulating CXCL8 in dogs is 

limited. 

The initial aim of this dissertation was to determine possible differences of serum 

CXCL8 values among dogs with commonly occurring diseases and herewith detect 

possible CXCL8-linked processes. Later on, the analysis was focused on the 

behavior of CXCL8 in canine pyometra and tumor bearing dogs in order to determine 

its association with disease characteristics and severity. Furthermore, the relation 

between serum CXCL8 and routine laboratory inflammation parameters such as 

WBC, neutrophil count and CRP values was examined. 

A single point measurement of serum CXCL8 was performed in 158 dogs with 

neoplasias, hepatic diseases renal failure, allergies, respiratory diseases, infected 

wounds, orthopedic conditions, angiogenic processes, pancreatitis, pyometra and 

anemia. 23 dogs with different stages of pyometra and 66 dogs with diverse 

neoplastic diseases served for the single point measurement of serum CXCL8 within 

these concrete processes. 23 clinically healthy dogs were used as a control group for 

the evaluation of tumor bearing dogs. For the analysis of diverse diseases and 

canine pyometra 12 healthy dogs were additionally added. This group of 35 dogs 

was also used to discard an influence of age, gender and neutering status on 

CXCL8.  

The quantitative determination of circulating serum CXCL8 was assessed through a 

commercially available canine ELISA-Kit that recognizes the 74 and 79 amino acid 

variants of natural and recombinant canine CXCL8. WBC and neutrophil counts were 
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analyzed with a CellDyn 3500 automated hematology analyzer, whereas CRP values 

were determined using a Konelab 20i automated biochemical analyzer and 

commercial kits. For each of the studies patients were grouped according to the 

disease dependent features and the laboratory parameters and then analyzed 

through descriptive statistics, non parametric Mann-Whitney-U-Test, ROC and GLM. 

All analyzed diseases had a higher serum CXCL8 median value than healthy dogs (> 

1020 pg/ml), being most of them significantly different from the control group (p < 

0.05). In particular, anemic patients had the highest median CXCL8 values (17 960 

pg/ml) among all groups showing also a significant difference to other diseases (p < 

0.05). Higher values were also associated with the patients natural death regardless 

of the disease, being significantly different from patients that recovered (p = 0.039). 

Yet, serum CXCL8 levels were not significantly different between most examined 

diseases, making it impossible to identify the presence of a specific disease based on 

the blood levels of this chemokine.  

Regarding the laboratory parameters, serum CXCL8 was highest in the presence of 

leucopenia, neutropenia and normal CRP values and was low when leucocytosis, 

neutrophilia and a CRP increase were severe. The difference however was 

statistically not significant. It was interesting to find that low HCT values were 

accompanied by significantly high serum CXCL8 levels (moderate: p = 0.006 and 

severe: p = 0.001). Unfortunately, a more profound evaluation of these findings was 

not possible due to reduced group sizes, making it an interesting field for future 

research. 

In the analysis of pyometra, dogs with this condition had significantly higher serum 

CXCL8 values than healthy dogs (p = 0.026). However, increased values were only 

observed in patients with mild symptoms (0.002) and a moderate uterine distension 

(p = 0.03), while severely affected patients had similar values as healthy dogs. As 

well as in the initial evaluation in diverse diseases, serum CXCL8 concentrations 

were higher in dogs with moderate neutrophilia (p = 0.001) and normal CRP levels (p 

< 0.001) than in dogs with severely increased values. Serum CXCL8 showed to 

reflect the degree of ongoing pyometra although it is unclear whether the changing 

CXCL8 concentrations are part of the cause or a consequence of the disease.  

Serum CXCL8 was detected in significantly higher concentrations in tumor bearing 

dogs compared with healthy dogs (p < 0.001) and was higher in dogs with tumors 

larger than 4 cm than in tumors below 2 cm size (p = 0.04). Although serum CXCL8 
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did not differ significantly among the different degrees of malignancy, values tended 

to be lower with increasing malignancy. Whereas benign tumors had the highest 

median value and were statistically different from healthy patients (p = 0.007), highly 

malignant tumors were indistinguishable from the healthy group. No statistically 

significant correlation was found in regard to the tumor type, tissue origin and 

histological features such as tumor vascularization, tissue necrosis or tumor 

infiltrating cells. These results show that serum CXCL8 concentrations in tumor 

bearing dogs are mostly dependent on the tumor size rather than on the tumor type 

and its histological characteristics. Even though serum CXCL8 is suspected to 

decrease with increasing malignancy further studies are warranted to confirm this.  

In conclusion, serum CXCL8 is an unspecific inflammation marker that is increased in 

diverse inflammatory and neoplastic diseases. The correlation of serum CXCL8 and 

determined disease features suggests an involvement of this chemokine in the 

physiopathology of various diseases but the extent and precise mechanisms remain 

to be clarified. Serum CXCL8 could be a useful tool for the estimation of the course 

and severity of diseases due to its well measureable fluctuations and short half-life. 

Yet, further studies are warranted to determine exact reference values and be able to 

establish CXCL8 as a standardized laboratory parameter. 

Some of the results of this research are documented in two manuscripts accepted for 

publication. 
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7. ZUSAMMENFASSUNG  

 

Melanie Haas 

 

Untersuchungen zur Analytik und zum klinischen Nutzen von Serum CXCL8 

(Interleukin-8) bei Hunden mit Pyometra und neoplastischen Erkrankungen 

 

CXCL8 ist ein pro-inflammatorisches und angiogenetisches Chemokin, welches von 

einer Vielzahl von Zellen, inklusive Tumorzellen, sezerniert werden kann. Ein 

CXCL8-Anstieg wurde bereits bei vielen entzündlichen und tumorösen Erkrankungen 

beim Mensch und einigen Tierarten nachgewiesen und wird deshalb als potenzielles 

diagnostisches, prognostisches und therapeutisches Hilfsmittel anerkannt. Beim 

Hund gibt es nur wenige Untersuchungen zu zirkulierendem CXCL8.  

Ziele dieser Dissertation waren die Analyse von möglichen krankheitsabhängigen 

unterschiede der CXCL8-Konzentrationen und die Untersuchung von 

Zusammenhängen zwischen Serum-CXCL8 und krankheitsspezifischen Merkmalen 

bei Hunden mit Pyometra und unterschiedlichen Neoplasien. Zusätzlich sollte das 

Verhalten von Serum-CXCL8 in Bezug auf gängige Labor-Entzündungsparameter, 

wie die Leukozyten-, Neutrophilen- und CRP-Werten, determiniert werden. 

Serum-CXCL8 wurde einmalig vor Therapiebeginn, bei einer Gesamtzahl von 158 

Hunden mit Neoplasien, Allergien, Pankreatitiden, entzündeten Wunden, 

Angiogenese-assoziierten Prozessen, Anämien, Pyometren, Nieren-, Leber-, 

Lungen-, und orthopädischen Erkrankungen untersucht. 23 Hündinnen mit 

unterschiedlichem Schweregrad einer Pyometra und 66 Hunde mit diversen 

Neoplasien wurden einmalig auf Serum-CXCL8 beprobt um weiterführende 

Untersuchungen innerhalb dieser Prozesse durchzuführen. 23 klinisch gesunde 

Hunde dienten als Kontrollgruppe für die Untersuchungen bei Hunden mit 

Tumorerkrankungen. Für die vergleichende Analyse der unterschiedlichen 

Erkrankungen und für die Hündinnen mit Pyometra wurden 12 weitere gesunde 

Hunde in die Kontrollgruppe mit einbezogen. Zusätzlich wurden anhand dieser 

letzten Kontrollgruppe Einflüsse des Alters, Geschlechts und Kastrationsstatus auf 

die Serum-CXCL8 Konzentrationen ausgeschlossen.  
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Die quantitative Bestimmung von zirkulierendem CXCL8 im Serum wurde anhand 

eines kommerziell erhältlichen caninen ELISA (Fa. R&D Systems, Minneapolis) 

durchgeführt, welcher die 74 und 79 Aminosäuren-Sequenzen des natürlichen und 

rekombinanten caninen CXCL8 erkennt. Die Leukozyten- und Neutrophilenzahlen 

wurden anhand eines CellDyn 3500 automatisierten Hämatologie-Analysegerätes 

aus Vollblutproben bestimmt. CRP wurde im Serum, mit einem Konelab 20i 

automatisierten Biochemie-Analysegerät und die entsprechenden kommerziell 

erhältlichen Kits für die klinische Chemie, gemessen. Für jeden Studienabschnitt 

wurden die Patienten in Bezug auf spezifische Erkrankungsmerkmale und Labor-

Entzündungsparameter in Gruppen unterteilt und mit Hilfe von deskriptiver Statistik, 

Mann-Whitney-U-Test, ROC und GLM analysiert. 

Alle untersuchten Erkrankungen zeigten höhere Serum-CXCL8 Medianwerte als die 

Gesundproben und waren somit meistens signifikant höher als bei der gesunden 

Kontrollgruppe (1020 pg/ml). Von allen erkrankten Patienten hatten die Anämie-

Patienten die höchsten Serum-CXCL8 Werte (Median = 17960 pg/ml) und diese 

waren oft auch in Bezug auf die anderen Erkrankungen signifikant erhöht (p < 0,05). 

Hunde, die aufgrund der untersuchten Erkrankungen verstarben, wiesen deutlich 

höhere Serum-CXCL8 Werte auf, als genesene Hunde (p = 0,039). Da kein 

signifikanter Unterschied zwischen den Serum-CXCL8 Konzentrationen bei diversen 

Erkrankungen festgestellt werden konnte, ist die Diagnose einer spezifischen 

Erkrankung anhand dieses Chemokins nicht möglich. 

Hinsichtlich der Laborparameter war Serum-CXCL8 bei Leukopenie, Neutropenie 

und normalem CRP am höchsten, während bei einem hochgradigen Leukozyten-, 

Neutrophilen- und CRP Anstieg keine CXCL8 Erhöhung festgestellt wurde. Diese 

Unterschiede waren jedoch statistisch nicht signifikant. Abgesehen von den 

Entzündungsparametern wurde ein Zusammenhang zwischen dem Hämatokrit und 

Serum-CXCL8 festgestellt. Hier zeigten Patienten mit einem niedrigen Hämatokrit 

signifikant hohe Serum CXCL8 Werte (mittelgradig: p = 0,006 und hochgradig: p = 

0,001). Aufgrund der geringen Gruppengröße konnten leider keine weiterführenden 

Untersuchungen in dieser Hinsicht durchgeführt werden. Jedoch bieten diese 

Befunde einen Anlass für zukünftige Studien. 

Bei der Untersuchung von Hündinnen mit Pyometra zeigten diese signifikant höhere 

Serum-CXCL8 Werte als gesunde Hunde (p = 0,026). Jedoch hatten nur Hunde mit 

milder Symptomatik und einer mittelgradigen Uterusfüllung deutlich erhöhte Serum-
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CXCL8-Konzentrationen (jeweils p = 0,002 und p = 0,03), während Hunde mit 

hochgradiger Pyometra und schwerwiegender Symptomatik nicht von den gesunden 

Hunden unterschieden werden konnten. Die Untersuchung der 

Entzündungsparameter in der Pyometra-Gruppe ergab ähnliche Ergebnisse wie bei 

der Untersuchung der anderen Erkrankungen. Serum-CXCL8 war bei moderater 

Neutrophilie (p = 0,001) und normalen CRP-Werten (p < 0,001) signifikant erhöht, 

während bei einem hochgradigen Neutrophilen- und CRP-Anstieg keine erhöhten 

Serum-CXCL8-Konzentrationen nachgewiesen wurden. Obwohl Serum-CXCL8 das 

Ausmaß einer Pyometra teilweise wiederspiegelt, ist unklar, ob die Serum-CXCL8 

Schwankungen die Ursache, oder eine Folge der Erkrankung sind. 

Hunde mit Tumoren zeigten signifikant höhere Serum-CXCL8-Konzentrationen im 

Vergleich zu gesunden Hunden (p < 0,001). Zusätzlich waren die Werte bei Hunden 

mit Tumoren über 4 cm Größe signifikant höher als bei Tumoren unter 2 cm (p = 

0,04). Obwohl kein signifikanter Unterschied zwischen Serum-CXCL8 und den 

unterschiedlichen Malignitätsgruppen nachgewiesen werden konnte, gab es eine 

Tendenz zu niedrigeren CXCL8-Werten bei höherer Malignität. Hunde mit benignen 

Tumoren hatten den höchsten Serum-CXCL8-Medianwert und dieser war signifikant 

höher als bei der Kontrollgruppe (p = 0,007). Dagegen konnten Patienten mit 

hochmalignen Tumoren nicht von gesunden Hunden unterschieden werden. Weitere 

Tumoreigenschaften, wie die Tumorart, das Ausgangsgewebe, die 

Tumorvaskularisation, die Tumornekrose und die Tumor infiltrierenden Zellen, 

konnten anhand von Serum-CXCL8-Konzentrationen nicht festgelegt werden. Diese 

Analyse bestätigt, dass neoplastische Erkrankungen beim Hund mit einer Erhöhung 

von Serum-CXCL8 einhergehen und, dass diese hauptsächlich mit der Tumorgröße 

in Verbindung steht. Obwohl anhand der Ergebnisse ein Zusammenhang zur 

Tumormalignität vermutet wird, muss dies durch weitere Studien belegt werden. 

Die Ergebnisse dieser Studie lassen darauf schließen, dass Serum-CXCL8 ein 

unspezifischer Entzündungsparameter ist, der sowohl bei diversen 

inflammatorischen, wie auch neoplastischen Prozessen erhöht ist. Der 

Zusammenhang zwischen Serum-CXCL8-Konzentrationen und bestimmten 

Erkrankungsmerkmalen lässt eine Beteiligung dieses Chemokins in der Pathogenese 

von verschiedenen Erkrankungen vermuten, jedoch bleiben das Ausmaß und die 

genauen Mechanismen ungeklärt. Aufgrund der gut messbaren Serum-CXCL8 

Schwankungen und der kurzen Halbwertszeit könnte CXCL8 von klinischem Nutzen 
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sein, um den Verlauf und Schweregrad von Erkrankungen einzuschätzen. Allerdings 

sind weitere Untersuchungen erforderlich, um genaue Referenzwerte festzulegen 

und CXCL8 als standardisierten Laborparameter etablieren zu können. 

Ergebnisse dieser Studie sind in zwei zur Veröffentlichung angenommenen 

Publikationen dokumentiert.  
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