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Abstract: Interleukin-8 (IL-8 or CXCL8) is a pro-inflammatory and
angiogenic chemokine involved in tumorigenesis. Serum CXCLS is
elevated in various neoplastic diseases, but its potential value as a tumor
marker in veterinary medicine is unknown. Here, we measured serum
CXCLS8 concentrations in dogs with various neoplastic diseases using a
commercially available canine ELISA kit and analyzed its relationship with
patient and disease features. Serum CXCLS8 was detected in significantly
higher concentrations in tumor bearing dogs compared with healthy patients
(p<0.001). Interestingly, serum CXCLS8 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.
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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 CXCLS8 correlated with poor patient prognosis
in a variety of neoplastic processes such as non-
Hodgkin’s lymphoma, melanoma (Niirnberg et al.,
1996), 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 CXCLS8 has already been effective
in murine models and the development of humanized
monoclonal antibodies has enabled several investigations
to determine positive effects when suppressing CXCLS8
signaling in human tumors (Heidemann et al., 2003;
Waugh and Wilson, 2008; Kim ef al., 2014). Even
though most studies assure the involvement of CXCLS8
in tumorigenesis, the extent of its influence remains
controversial (Yao et al., 2007). Some studies report no
correlation to angiogenesis and metastatic potential and
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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).

Although there are few studies on CXCLS8 in dogs,
findings are similar to research in humans and also give
contradictory results. 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
CXCLS 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 CXCLS8 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
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techniques is of great interest to small animal medicine.
Serum CXCL8 could aid to predict tumor presence,
malignancy and the progression of neoplastic diseases 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.

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 Gottingen. 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 (CBC) count and serum chemistry.
Case dependent diagnostic procedures were done to
diagnose and document the neoplastic disease. 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 Gottingen.

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 World Health
Organization (WHO) was taken into consideration
whenever given information and group size allowed.
Four dogs had an uncertain histological result and were
only included in the tests where this information was not
required. For every serum CXCL8 sample 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. Blood samples for CBC were
collected in polypropylene tubes with 1.6 mg EDTA/ml
blood (Fa. Sarstedt AG & Co, Niimbrecht, Germany)
and analyzed with a Cell Dyn 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, Niimbrecht, Germany)
and centrifuged in an Eppendorf centrifuge 5424 (Fa.
Eppendorf AG, Hamburg, Germany) at 3000xg 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.

Table 1. General characteristics of the healthy control dogs and tumor bearing dogs

Tumor bearing patients (n = 66)

Healthy control group (n = 23)

Median =9.6
Range =1.9-15.8
3-7:n=16
>7:n=49

Age (in years)

Gender Female n =41

Neutered females n =11
Male n =25

Neutered males n =9
Mixed n =21

Golden Retriever n =5

Breed

Bavarian Mountain Hound n =4

Teckel n =4
Australian Shepherd n =
Hovawartn =2

2

Median =5.2

Range = 1.5-11.5
<3:n=3

3-7:n=12

>7T:n=4

Femalen=75

Neutered females n =4
Malen=18

Neutered males n =13
Mixed n =20

German Shepherd n =2
Boxern=1

Old German Herding Dogn =2

Bernese Mountain Dog n =2

Cocker Spaniel n=2
German Shepherd n =2
Airdale Terriern =2
Dalmatian n = 2
Labrador Retriever n = 2
Other breeds n = 14
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CXCL8 was measured in serum since preliminary
results showed a higher reliability than plasma values
(data not shown). Serum samples used to determine the
CXCLS8 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 min at 1000xg. Serum was immediately
aliquoted with a Pipetman P100 (Fa. Gilson, Villers Le
Bel, France) and stored at —20°C until required for
analysis. Repeated freeze-thaw cycles were avoided.

Assessment of CXCLS

Serum CXCLS8 levels were measured in triplicate
using a commercially available canine CXCLS
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 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
CXCLS provided in the kit. The CXCL8 concentration
(pg/ml) of each sample was calculated through a data
analysis software (Magellan, Fa. TECAN GmbH,
Grodig, Austria). According to the manufacturer’s
instructions, the assay measures the natural and
recombinant CXCLS8 isoforms of 74 and 79 amino acids
and the minimum detectable dose of CXCLS 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 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 CXCLS 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). CXCLS8 concentrations
were grouped according to goal criteria and the null-
hypothesis that two groups came from the same

204

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 CXCLS8 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

Through the statistical evaluation of the general
characteristics (Table 1) and the documented
information (Table 3) an influence of these features
on serum CXCLS8 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.

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 4091
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
Unknown/Diffuse 3 4.55
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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. la). 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 CXCLS 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 CXCLS raise (p = 0.01) (Fig. 2b).

The median measurement of serum CXCLS8
decreased with increasing tumor malignancy, but the
categories were not statistically different from each other
(benign-low p = 0.67, benign-malignant p = 0.52,

Table 3. Documented information

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 CXCLS
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 CXCLS8 (p<0.001) (Fig. 3c).

Serum CXCLS8 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).

Animals general condition Good
Moderate poor
CBC and serum chemistry Numeric values 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
Outcome Remission
No change
Recurrence

Death-euthanasia
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Fig. 1. Tumor bearing patients have higher serum CXCLS8 values than healthy dogs. (a) Comparison of the serum CXCLS 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 c¢m (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 CXCLS8
concentrations among different tumor sizes. (b) Generalized linear model log (CXCLS8) ~ 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 CXCLS 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

a b

10

i
L

w=
]

ey

B
T

Bt |

Fud

CXCLE [1000 pgiml]
o
.
CXCLE llﬂﬂ%m!mll

Fig. 4. Serum CXCLS 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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Serum CXCLS8 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).

Finally, serum CXCLS8 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 CXCLS) is involved in
this process and therefore, is 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
CXCLS in veterinary medicine is scarce.

We found that tumor bearing patients have higher
serum CXCL8 values than healthy dogs. Although the
major production of CXCLS8 occurs locally as an
adaptive response of cancer cells to withstand
environmental or chemical stresses (Kim et al., 2014;
Raman et al., 2007; Desbalillets 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 CXCLS 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
inflammatory diseases, CXCLS 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 (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
mechanism 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
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and necrotic component which elicits a stronger
CXCLS8 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 CXCLS8 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
CXCLS8 decreased 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 CXCLS 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 CXCLS in peripheral blood has been controversial.
Many studies have shown, that elevated CXCLS8 in sera
was associated with higher malignancy and an advanced
stage of disease in breast cancer (Yokoe et al., 1996;
Benoy et al., 2004), melanoma (Ugurel et al., 2001),
hepatocellular carcinoma (Ren et al., 2003) and soft
tissue sarcoma (Rutkowski et al., 2002). Other studies
did not find any correlation or suggested that CXCLS8
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
CXCLS values among all malignancy groups and were
therefore significantly different from healthy dogs. It has
been reported that serum CXCL8 wvalues are also
increased in benign masses, but these levels have not
been compared to that of malignant tumors (Tamura ef al.,
2013). Although it is known that most tumor cells produce
CXCLS, the ability of these cells to express and release
CXCLS 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 CXCLS8 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 CXCLS is susceptible to
changes in its concentration due to dilution and its reliability
to predict local changes should therefore be questioned.
Although some studies showed a congruent increase in
local and systemic CXCLS8 values (De Andrés et al.,
2013; Tamura et al., 2013) a study by Konno et al.
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(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 (Konno et al., 2003). Moreover, the producing
cells as well as the function of local and systemic
CXCLS8 may differ so that both should be included and
compared in future studies.

In our study serum CXCLS8 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.
CXCLS8 is predominantly produced by leucocytes and
endothelial cells (Raman et al., 2007; Strieter et al., 2004,
Baggiolini e 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 ef 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 CXCLS8 increase in
tumor bearing dogs to allow detailed research that
clarifies the true influence and predictive potential of
serum CXCLS in tumorigenesis.

Conclusion

The secretion of CXCLS8 seems not be characteristic of
a determined neoplastic disease but a common event in
most tumor patients. Augmented serum CXCLS
concentrations are dependent on the tumor size and its
malignancy. Although the predictive value of serum
CXCLS in neoplastic diseases was insufficient, this study
supports that CXCLS 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.
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