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Abstract

Objective: To determine whether 2 dog breeds with a high risk for parvoviral enteritis, a disease associated
with sepsis, produce stronger pro-inflammatory cytokine responses to a stimulus than dogs with a lower risk.
Design: Blinded comparison.

Setting: University outpatient clinic.

Animals: Healthy, unrelated, purebred Doberman Pinschers (1 =10) and Rottweilers (1 =9) with age-
matched mixed-breed dogs (n =7).

Interventions: Heparinized, whole-blood samples were collected from each dog and incubated for 6 hours
with lipopolysaccharide. Plasma was collected, and bioassays were used to determine the concentrations of
TNF-o and IL-6. The mean values obtained from the high-risk breeds were compared with the mean obtained
from the mixed-breeds.

Measurements and main results: The mean TNF-o production from dogs with a high risk for parvoviral
enteritis (1321 £ 161 pg/mL; Doberman Pinscher and Rottweiler) was greater (P <0.05) than that from lower
risk, mixed-breed dogs (674 + 186 pg/mL). There were no differences in TNF-o. levels between Doberman
(1128 + 247 pg/mL) and Rottweiler (1563 &= pg/mL) breeds or between any breeds with regard to IL-6
production.

Conclusions: The magnitude of TNF-a production by peripheral blood monocytes was the greatest in the
dogs with breed-related risk for parvoviral enteritis. However, additional studies are needed to prove a causal
relationship between high TNF and predilection for parvoviral enteritis. Regardless, breed appears to be a
predisposing factor for variations in cytokine production that could impact the host response to infection and

other inflammatory insults.
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Introduction

Sepsis is defined as a systemic inflammatory response
to infection." During a systemic response to infection,
TNF-a is an early mediator of the pro-inflammatory
cascade that yields other cytokines including IL-6 and,
eventually, the acute phase proteins.”> This response
then regulates cellular immune functions and, under
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optimum conditions, benefits the host through resolu-
tion of the infection. However, aberrant systemic in-
flammatory responses, in particular overly exuberant
reactions, may be deleterious to the host. In humans
and laboratory animals, studies have shown that in-
creased levels of pro-inflammatory cytokines correlate
with the severity of the septic insult and mortality.” In
clinical veterinary medicine, increasing TNF activity is
predictive of mortality in naturally occurring canine
parvoviral infection.®

A number of intrinsic factors may regulate the inten-
sity of the systemic inflammatory response. In humans
and laboratory animals, these factors include concur-
rent disease, age, and sex."”™'* In addition, experimen-
tal studies have demonstrated that genetic background
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can influence the severity of pro-inflammatory immune
responses including TNF-a production and the suscep-
tibility to infection.'"'* In septic human patients, the
identification of predisposing factors and the potential
response to infection have become important for the
prediction of response to therapy and outcome.' How-
ever, little is known about the factors affecting the sys-
temic inflammatory response and susceptibility to
sepsis in the dog.

Given that genetic background may play a role in
immune responses in other species, breed may impact
the systemic inflammatory response in dogs. Therefore,
in this study, endotoxin-induced production of TNF-o
and a downstream pro-inflammatory cytokine, IL-6, in
whole-blood samples from Doberman Pinschers, Rot-
tweilers, and mixed-breed dogs were investigated. The
selection of breeds was based on the significantly in-
creased risk of parvoviral enteritis in Doberman Pinsc-
hers and Rottweilers compared with mixed-breed
dogs.””"® During the pathogenesis of parvoviral en-
teritis, the disruption of the intestinal barrier is a po-
tential source for endotoxemia, bacteremia, and
subsequent induction of a systemic inflammatory re-
sponse, particularly TNF-a production.®'® Therefore, it
was hypothesized that the magnitude of the pro-in-
flammatory cytokine response to endotoxin would be
greater in dogs with breed-related risk for the devel-
opment of canine parvoviral enteritis, a disease asso-
ciated with sepsis.

Materials and Methods

Study design and animals

Dogs presented to the university general medicine ser-
vice for routine physicals and vaccinations were con-
sidered for the study. After written consent, purebred
adult Doberman Pinschers, Rottweilers, and mixed-
breed dogs were included in the study if they met the
following criteria: an unremarkable history; normal
physical examination; and no familial relationship with
other subjects.

A total of 7mL of blood was drawn from each dog.
Two milliliters was immediately placed in a tube with
EDTA for a complete blood count.” The remaining 5mL
of blood was mixed with 100 pL of heparin (1000 USP
units/mL)® for the whole-blood assay.

Whole-blood assay

The whole-blood assay was performed as described
elsewhere.'”'® Briefly, the heparin anti-coagulated
blood from each dog was divided into 1mL aliquots
in 1.5 cc Eppendorf tubes. One tube of blood served as a
control and was immediately centrifuged at 600 x g for
5 minutes. The plasma was collected and stored at
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—20°C for later analysis. Lipopolysaccharide (LPS;
10ng, Escherichia coli O111:B4)° was added to the second
tube of blood, and an equal volume of Roswell Park
Memorial Institute media (RPMI)? was added to the
third tube of blood. These tubes were placed on a ro-
tator at 37 °C for 6 hours. The tubes were then centri-
fuged, and the plasma was collected as described for
the control tube.

Cytokine bioassays

Bioassays were used to detect biologically active
cytokines in this study. These assays have been used
to detect canine TNF-o and IL-6."

TNF measurement

TNF was measured using the WEHI 164 subclone 13
fibrosarcoma cell line bioassay.20 In a flat-bottomed, 96-
well microtiter plate,® a standard curve of recombinant
human TNF' and samples were serially diluted in RPMI
with 1% fetal calf serum (FCS)® and 1 mM L-glutamine.®
WEHI cells were suspended at a concentration of
5 x 10° cells/mL in RPMI 1640 containing 10% FCS,
1mMm L-glutamine, 30 pg/mL gentamicin, and 0.5pg/
mL actinomycin D." The suspension was added to the
plate (100 uL/well) and incubated overnight in a hu-
midified incubator (37 °C and 5% CO,). At least 18
hours later, Cell Proliferation Reagent WST-1' was add-
ed to the plates (10 pL/well). The absorbance was read
24 hours later on a biokinetics plate reader at 465nm
with a reference wavelength at 630 nm. The results were
calculated using standard software.

IL-6 measurement

IL-6 was measured with a B-9 cell line bioassay fol-
lowing previously described methods.”' In a 96-well
microtiter plate,® a standard curve of human recombi-
nant IL-6* and samples were serially diluted in Iscove’s
modified Dulbecco’s medium?® containing 5% FCS,
1mMm L-glutamine,® 100U/mL penicillin, and 100U/
mL streptomycin.® The B9 cells were washed twice and
then re-suspended at a concentration of 5 x 10° cells/
mL in the same media supplemented with 0.05mm 2-
mercaptoethanol.” The cells were added to the plate
(100 uL/well), and the plates were incubated for 3 days
in a humidified chamber (37 °C and 5% CO,). Cell pro-
liferation reagent WST-1 was then added to the plates
(10 uL/well). The absorbance was read 7 and 24 hours
later on a biokinetics plate reader at 465 nm with a ref-
erence wavelength at 630 nm.

Statistics

Age, total white blood cell (WBC) count, monocyte
count, and plasma levels of TNF-o and IL-6 were com-
pared among the 3 breeds (Doberman, Rottweiler,
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mixed-breed) by one-way ANOVAs. Post-hoc compari-
sons were made of the orthogonal contrasts of: (1) Do-
berman and Rottweiler (high-risk breeds) versus mixed
and (2) Doberman versus Rottweiler. Data were pre-
sented as the mean + standard error of the mean. A P
value of <0.05 was considered significant.

Results

A total of 26 dogs were entered in the study (Doberman
Pinscher n =10, Rottweiler n =9, mixed-breed n =7).
All subjects were healthy according to their histories
and physical examinations. There was no significant
difference in the mean age of the Doberman Pinscher,
Rottweiler, or mixed-breed groups (5.6 £ 0.9, 6.5 + 0.9,
and 4.8 £ 1.3 years, respectively). The gender distribu-
tion was as follows: Doberman Pinscher, 9 females (8
spayed, 1 intact) and 1 neutered male; Rottweiler, 3
spayed females and 6 males (4 neutered and 2 intact);
and mixed-breed, 2 spayed females and 5 neutered
males.

There were no significant differences in the mean to-
tal WBC counts of the Doberman Pinscher, Rottweiler,
and mixed-breed groups (10.5+ 0.71, 10.9 + 1.0, and
9.0 + 0.9 x 103 cells/ pL, respectively). Likewise, the
monocyte counts of Doberman Pinscher, Rottweiler,
and mixed-breed groups did not differ significantly
(0.42 4+ 0.05,0.53 + 0.12, and 0.40 + 0.05 x 10°cells/ uL,
respectively).

Bioassays for TNF-o. and IL-6 were run on the 3
plasma samples obtained from each dog. The control,
non-incubated samples showed no detectable levels of
either TNF-o (assay lower limit of detection = 150 pg/
mL) or IL-6 (assay lower limit of detection = 14 pg/mL)
in any of the dogs. Likewise, none of the incubated
control samples contained detectable levels of the pro-
inflammatory cytokines. These findings confirmed that
there was no recent in vivo stimulation of systemic in-
flammation in the study subjects and that incubation
alone did not induce cytokine production. In samples
stimulated with LPS and incubated for 6 hours, the pro-
inflammatory cytokines were readily detectable. The
TNF-o and IL-6 levels obtained from the whole blood of
1 dog in the Rottweiler group were greater than the
mean + 30 SD and mean + 4 SD (respectively) of the
remaining dogs in that group. Therefore, this dog was
considered an outlier and removed from the study. The
mean TNF-o concentration produced in the in vitro
system was greater (P <0.05) in the group considered to
be at high risk for parvoviral enteritis (Doberman
Pinscher and Rottweiler, 1321 + 161 pg/mL) as com-
pared with the mixed-breed group (674 + 186 pg/mL)
(Figure 1). The difference in TNF-o. concentration
between the Doberman (1128 +247pg/mL) and
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Figure 1: TNF-o production in whole blood. Whole-blood sam-
ples from Doberman Pinscher (7 =10) and Rottweiler (1 =9)
dogs were stimulated with lipopolysaccharide for 6 hours. TNF-
o was measured in plasma via WEHI bioassay. Compared with
similarly treated samples from mixed-breed dogs (n =7), TNF-a
concentrations were significantly increased. Results are ex-
pressed as mean =+ standard error of the mean. *P <0.05.

Rottweiler (1563 + 240 pg/mL) groups was not sig-
nificant (P>0.05). There was no difference in IL-6
production in whole-blood samples between the
Doberman Pinscher (16,543 + 2557 pg/mL), Rottweiler
(24,076 + 1742 pg/mL), and mixed-breed groups
(23,178 + 5224 pg/mL) (Figure 2).

Discussion

To examine the inflammatory response to LPS for
different breeds of dogs, a whole-blood assay was used.
Whole-blood assays similar to the one used in this
study have been used to study cytokine responses in a
number of species including humans, wildlife, and ro-
dents.'”'®% Essentially, this assay assesses the cytokine
production of peripheral mononuclear cells. Although
the function of peripheral mononuclear cells may not
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Figure2: IL-6 production in whole blood. Whole-blood samples
from Doberman Pinscher (n=10), Rottweiler (n=9), and
mixed-breed dogs (n =7) were stimulated with lipopolysaccha-
ride for 6 hours. IL-6 was measured in plasma via B-9 cell bio-
assay. Results are expressed as mean =+ standard error of the
mean.
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always be representative of tissue-fixed macrophage
populations,” the whole-blood assay does have a num-
ber of advantages. Most notably, the assay allows the
study of cytokine production in clinical patients with-
out risk to the individuals. The cells may then be stud-
ied in an environment that is more representative of the
in vivo situation than with cell separation and culture.
In addition, identical samples of whole blood may be
exposed to a number of different stimuli to examine the
contribution of various cellular pathways in the in-
flammatory response. In this case, endotoxin is consid-
ered to play a role in the pathogenesis of parvoviral
disease; therefore, LPS was chosen as the stimulus for
the whole blood. It is important to note that the mono-
nuclear cell counts of the blood samples drawn from
the different breeds of dogs were not significantly
different, establishing that any detected differences in
cytokine levels would have been the result of differ-
ences in mononuclear cell function.

Using the whole-blood assay, an attempt was made
to determine whether cytokine production in response
to endotoxin would vary among breeds of dogs. In this
study, the mean TNF-a production was greater in
whole blood from the Rottweilers and Dobermans than
mixed-breed dogs. However, IL-6 production was not
different among the groups. This finding could simply
be due to the sample timing. IL-6 production generally
lags behind TNF-a production and therefore the peak
values may not have been achieved at the time the
samples were harvested. These findings illustrate 2 in-
teresting points. First, pro-inflammatory cytokine pro-
duction, specifically TNF-0, may vary among breeds.
Second, this breed-related variation in cytokine pro-
duction may be associated with predilection to a known
cause of sepsis, parvoviral enteritis. Of course, the con-
nection between TNF-o. and parvoviral enteritis is spec-
ulative and little is known about the responses of these
breeds to other inflammatory conditions. However, the
effect of genetics on the inflammatory response to in-
fection has been documented in other species. An ex-
perimental study demonstrated that the production of
TNF-o. and IL-6 will influence the manifestation of
pneumonia in mice exposed to Myobacterium pulmonis
and is dependent upon the genetic background of the
test subjects.'’ Strain also played a role in the TNF-o
responses to trauma and hemorrhage in a mouse mod-
el.'> Therefore, the results of this study suggest that
further evaluation of breed as a pre-morbid factor
affecting canine sepsis is warranted.

The contribution of breed predisposition to TNF-o
and IL-6 production cannot be completely defined until
several concurrent factors have been evaluated. Sex
hormones modulate inflammatory responses in murine
models of trauma, followed by hemorrhage and sep-
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sis.”® Estradiol appears to have beneficial effects and
reduces mortality in these conditions. Similarly, with
naturally occurring parvoviral enteritis in dogs over 6
months of age, intact males are twice as likely as fe-
males to develop disease.'* In the present study, spayed
females were over-represented in the Doberman Pinsc-
her group in comparison with the other 2 groups, and
the impact of this difference must be considered. How-
ever, recent trauma and sepsis experiments indicate
that, unlike tissue macrophages, peripheral monocytes
may not demonstrate sex-related differences of TNF-o
and IL-6 in in vitro systems.” Those studies and the fact
that the majority of subjects in this study were spayed
or neutered suggest that sex hormones were not a factor
in determining the cytokine responses. In addition, age
must be considered when evaluating inflammatory re-
sponses. Experimental studies have shown that TNF-o
and IL-6 production in response to inflammatory in-
sults will increase with age.”'® As there was no sig-
nificant difference in age between the breed groups in
this study, age did not contribute to the differences in
cytokine levels.

Although the evaluation of predisposing and pre-
morbid factors appears to be quite complex, this con-
sideration is an important step in understanding sepsis.
In human medicine, the intricacies of diagnosing and
treating sepsis prompted the development of the PIRO
staging system.' This system classifies patients accord-
ing to predisposing conditions, infection, response of
the host, and organ dysfunction. The patient population
can then be stratified to define complex host—pathogen
interactions that impact treatment and eventual out-
come. Although initially daunting, a similar approach
in clinical veterinary medicine would provide a wealth
of information concerning sepsis in the dog.

In summary, this study used a non-invasive whole-
blood assay to assess the pro-inflammatory cytokine
response to endotoxin in hospital populations of adult
Doberman Pinscher, Rottweiler, and mixed-breed dogs.
The results demonstrated no differences in peripheral
cell counts or IL-6 production but did show increases in
TNF-o production in the purebred dogs, particularly in
the Rottweilers. Although the increased TNF-o produc-
tion was documented in 2 dog breeds with a known
predilection for parvoviral enteritis, it is important to
note that the cytokine production and development of
disease cannot be directly linked at this time. Further
studies are needed to evaluate factors affecting the sys-
temic inflammatory response and susceptibility to sep-
sis in the dog. Of specific interest is how genetic
background (breed) may influence the severity of the
pro-inflammatory immune response, including TNF-o
production, following exposure to and infection with
canine pathogens such as canine parvovirus. Continued
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evaluation of predisposing factors and the host re-
sponse to infection in the dog will provide an important
insight into the complex diagnosis and treatment of
sepsis.
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