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Abstract

Cancer is an increasingly more common disease in both humans and animals and requires several
sets of characteristics to grow and metastasize. To obtain these characteristics, signalling via
cytokines are crucial. The way that cancer manipulates the environment in which it resides to create
a favourable outcome for tumour survival, growth and metastasis is an area of great interest, not
only for development of potential cancer biomarkers, but also new and innovative adjuvant cancer
therapies. Certain subsets of cytokines, such as IL-17 and IL-23, can favour tumour survival by
allowing the tumour to evade immune surveillance, and has been linked to poorer prognosis and
response to treatment in several cancers. Likewise, other subsets of cytokines, such as IL-2 and IL-
12, are related to better disease outcome and treatment response. The recruitment of immune cells,
such as certain populations of T cells, into the tumour tissue alters the tumour microenvironment
towards either a pro- or anti-tumour profile depending on which sets of cytokines are being
produced. In this study, canine patients with lymphoma, mammary tumours and mast-cell tumours
were analysed with regards to the serum levels of IL-12p40, a subset shared between IL-12 and IL-
23. Each group were analysed with ELISA and compared to disease-free controls. The levels of IL-
12p40 were significantly increased in patients with lymphoma compared to the other tumour groups
and controls, but no differences were found amongst the other groups. Since sample size is small,
no definite conclusions could be drawn with regards to the usefulness of IL-12p40 as a biomarker
in canine cancer, apart from a potential use in canine patients with lymphoma. Further studies are
required in all groups, preferably with larger populations and multiple types of cancer, as well as
pre and post treatment measurements to evaluate the potential prognostic value of IL-12p40 in
canine cancer.
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1. Introduction

Development of cancer requires the capacity of normal cells to undergo
transformation into a neoplastic state. These capabilities have been described as
eight “hallmarks of cancer” and can be summarized as the ability of the tumour
cells to communicate, spread, and avoid immune detection and cell death (Hanahan
& Weinberg 2000). Activation and maintenance of inflammatory pathways, or
rather a transformation from an acute to a chronic inflammatory state, is critical for
a tumor to maintain these hallmarks. It is of great importance to understand these
pathways to discover potential biomarkers aimed specifically at detecting, treating,
and monitoring cancer (Demaria et al. 2010). Tumors are known for their ability to
downregulate immune surveillance by inducing a favorable cytokine-environment
and recruiting immunosuppressive cells such as T-regs, facilitating their growth,
progression, and metastasis (Ostrand-Rosenberg & Sinha 2009).

The proteins IL-12 and IL-23 are proinflammatory cytokines that play an important
role in the development and dynamics of several autoimmune disorders as well as
cancer (Croxford et al. 2014:12). The serum levels of 1L-12/IL-23 have not yet been
studied in relation to canine cancer as potential biomarkers, although over-
expression of IL-23 is seen in many types of human cancer, sometimes in con-
currence with low levels of IL-12 (Yan et al. 2018). IL-12 is recognized for its
antitumor-immunity promoting effects. It drives a cell-mediated cytotoxic Thl
response through activation of NK cells and CD8+ T lymphocytes in tumour tissue.
(Tugues et al. 2015) Conversely, IL-23 is known to contribute to a favourable
tumour microenvironment, partly by reducing CD8+ T cell infiltration into tumour
tissue (Langowski et al. 2006). Hence, the IL-12 and IL-23 signalling cascades
seem to regulate the tumour environment antagonistically, although the dynamics
of their interplay seem to vary depending on the type of tumour (Langowski et al.
2006).

The dynamics of the IL-12/IL-23 cytokines have been studied mainly through
experimentally induced tumours in mice. Given that tumours arise spontaneously
in dogs and in humans, studying the balance between these cytokines in dogs might
aid translation of their use for developing treatments and their potential use as
biomarkers in both human and canine patients. (Pavlin et al. 2012)

The purpose of this study is to investigate the serum levels of IL-12 and IL-23 in

canine patients and discuss whether the serum levels of these cytokines may be
useful as potential biomarkers for tumour detection, prognosis, and treatment.
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2. Literature review

2.1 Hallmarks of cancer: enabling characteristics

According to the latest review released by Douglas Hanahan and Bob Weineberg,
the eight hallmarks of cancer, or rather characteristics of cancer, are the following;
sustaining proliferative signalling, evading growth suppressors, resisting cell death,
enabling replicative immortality, inducing/accessing vasculature, activating
invasion and metastasis, reprogramming cellular metabolism and avoiding immune
destruction. To acquire these characteristics, genome instability and inflammation
must be present. These two requirements have been labelled as “enabling charac-
teristics”, that is conditions that allow tumours to take on the above mentioned eight
hallmarks. Another recently discussed enabling characteristic is the microbiome,
and it is primarily the gut microbiome and its role in cancer that has been
recognized. It has been discovered that certain dysbiotic bacteria are present in
excess in patients with colon cancer. They supress the adaptive immune response
by producing immunomodulatory factors that stimulate production of cytokines
that create a favourable environment for acquiring the hallmarks of cancer.
(Hanahan 2022)

2.1.1 Stabilization of the genome

Stabilization of gene expression is important to avoid DNA damage. At the same
time, the ability of the genome to respond and adapt to outside signals is also crucial
for biological processes to function. To avoid responding to signals that are
damaging and increase the risk of developing disease such as cancer, DNA must be
stabilized. By being coiled onto millions of proteins called nucleosomes, that are
in turn organised into chromatin, DNA is protected from genome instability.
Simultaneously, chromatin also provides an important medium through which cues
from cell-signalling pathways and transcription factors can reach the nucleus and
alter gene expression. (Margueron & Reinberg 2010).
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2.1.2 Transcription factors and genome instability

Transcription factors, such as STAT3, are proteins that bind to DNA and alter gene
expression. They are either synthesized or are already present in the cell. When
cytokines bind to their receptors on the cell surface, cell signalling pathways are
activated that induce production of certain transcription factors. Transcription
factors do not only turn on the transcription of certain genes but can also turn them
off. In cancer, certain transcription factors are abnormally activated or synthesized,
leading to destabilization of the genome through activation of oncogenes and
inhibition of anti-oncogenes. Thus, genes that promote production of growth factors
so that normal cells can transform into a neoplastic state, by avoiding cell death and
sustain proliferative signalling, are turned on. Simultaneously, genes that inhibit
those characteristics in normal non-neoplastic cells are turned off. Alterations in the
cytokine-signalling environment, and thereby the activation or suppression of
certain transcription factors, are crucial for developing genome instability that is
required to induce and maintain cancer progression. (Latchman 1993)

2.1.3 The tumour microenvironment

It is acknowledged that a tumour itself operates as a proclaimed organ by creating
its own environment, the tumour microenvironment (TMT). The TMT is
characterized by a state of chronic inflammation, consisting of a constant produc-
tion of inflammatory mediators and chemotaxis of certain immune cells that favour
tumour survival. The TMT enables the tumour to acquire and maintain the
hallmarks presented earlier. Creation of the TMT is largely attributed to normal
non-neoplastic cells. This includes immune cells from the innate immune system,
such as NK cells, and from the adaptive immune system, primarily T-lymphocytes,
as well as pericytes, fibroblasts and endothelial cells that make up the tumor
“stroma”. Additionally, as organs of the body possess their own microbiome, the
constitution of the microbiome also contributes to the TMT. The balance of the
microbiome can either promote or inhibit cancer by triggering immune responses
via stimulation of production of certain subsets of cytokines, that can either be
tumoricidal or tumour-promoting. (Hanahan 2022)

The interactions between the tumor cells and the stromal cells are necessary for
metastasis and cancer progression (Baghban et al. 2020). The tumor cells use cell-
signaling via cytokines to stimulate the stromal cells to support tumor invasion and
growth, which includes stimulation of endothelial cells to create new tumor
vasculature. Not only is this essential for transportation of nutrients to the cancer
cells so that they can proliferate but is also vital for metastasis as tumour cells must
enter the circulation to migrate to other organs beyond the initial cancer site
(Kartikasari et al. 2021). Thus, the cytokine-signaling in the TMT is an important
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area of investigation, as more than 90% of human fatalities from cancer is due to
metastasis (Grivennikov et al. 2010).

2.1.4 Inflammation in cancer

In the TMT, certain transcription factors are activated that drive the production of
inflammatory mediators, cytokines, that recruit more inflammatory immune cells
into the TMT. The cytokines activate similar transcription factors in an autocrine
fashion in the recruited immune cells and in the stromal cells, to create a chronic
inflammatory environment that facilitates growth and spread of the tumor itself.
(Mantovani et al. 2008)

The tumor selects the type of inflammatory cells to recruit by altering the cytokine
environment. It benefits from immune cells that maintain the chronic inflammatory
state without killing off the tumor cells. Immune cells and cytokines that favor
tumor survival and progression are therefore often present in the TMT, such as an
infiltration of regulatory T cells and higher levels of IL-23. (Grivennikov et al.
2010)

2.2 Immune surveillance in cancer

For tumour cells to be destroyed, they must be recognized by the immune system.
As previously discussed, the immune system can both promote cancer and inhibit
cancer progression depending on the type of immune cells and inflammatory
mediators present (Yan et al. 2018). It is recognized that individuals with cancer
harbour T cells with tumour-specific antigens, that recognize and react to the
tumour cells themselves (Yamaguchi & Sakaguchi 2006). However, their response
is often insufficient in eradicating tumours completely. Moreover, other subsets of
T cells in the TMT can induce a form of “self-tolerance” in which the tumour cells
are no longer recognized as foreign and is therefore able to hide from the immune
system.

2.2.1 Immune checkpoints

Immune checkpoints are regulatory pathways within the immune system itself
responsible for self-tolerance, which prevents the immune system from destroying
tissue that is not harmful or foreign to the body. Tumours can hijack some of these
pathways to induce self-tolerance and thereby hide from the immune system.
Certain immune checkpoints are especially important in cancer, such as cytotoxic
T-lymphocyte associated antigen 4 (CTLA-4) and programmed cell death protein
1 (PD-1). Activation of these checkpoints deactivates cytotoxic T-cell responses
that would normally kill tumour cells, and up-regulates regulatory T cells that
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favour tumour development by down-regulating anti-tumour immunity. Therefore,
many tumour-infiltrating lymphocytes express PD1 and CTLA-4 and their ligands
are upregulated on the tumour cells, which down-regulates immune surveillance.
Blockade of these checkpoints in cancer have proven useful, as it leads to an
activation of the immune cells and thus “reveals” cancer to the host immune system.
PD1 inhibitors seem to induce tumour regression in several tumours, and CTLA-4
blockers induces anti-tumour immunity and has been approved for treatment of
melanoma. (Pardoll 2012)

2.2.2 CD4+ T helper cells

T helper cells, or CD4+ T cells, are naive T cells of the adaptive immune system
that can differentiate into different subsets of T cells with different effector
functions. The effector functions are the specific ways in which the certain subsets
of T cells fight off viral, fungal, bacterial, and parasitic infections, as well as cancer.
Some subsets, such as regulatory T cells (Treg), down-regulate immune sur-
veillance, while other subsets, such as Th1l, stimulates immune surveillance and
cytotoxicity. The differentiation of naive CD4+ T cells is driven by cytokines and
activation of certain transcription factors, and the type of cytokine environment
determines which subset of T helper cells the naive T cells will differentiate into.
(Read et al. 2019)

The role of T helper cells in the tumour microenvironment is complex, and they
may exhibit either pro or anti-tumour immunity depending on the TMT. It is clear
however, that certain cytokines and subsets of T-cells, such as IL-12 and Th1 cells,
are primarily tumoricidal in their effector functions. On the other hand, regulatory
T-cells exhibit pro-tumour immunity properties by allowing tumours to elude the
immune system.

2.2.3 Thl cells

Th1 cells are known for their tumoricidal effects by exposing the tumour to the
immune system via secretion of their effector cytokines, IFN-y and IL-2 (Haabeth
et al. 2011). This initiates a cascade of cytotoxic responses via activation of
macrophages that kill cancer cells directly. In addition, it stimulates secretion of
chemokines by the macrophages that inhibit angiogenesis and thus tumour
progression and metastasis. IL-2 secreted by the Thl cells amplifies CD8+ T cell
and NK cell cytotoxicity and thereby activates the immune system to recognize
cancer cells as foreign (Jiang et al. 2016). The anti-tumour properties of IL-2 are
very well recognized as it is an approved immunotherapy treatment of metastatic
renal cell carcinomas and metastatic melanoma in humans.
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2.2.4 Th17 and Treg cells

In contrast to Thl cells, regulatory T cells are known to down-regulate the
expansion of effector T cells with tumoricidal properties, and thus induces a form
of “self-tolerance” in which the immune-reaction towards tumour cells is inhibited
(Sakaguchi 2004).

Another subset of T-cells, Th17 cells, characterized by their production of IL-17,
are known to be of great importance in several autoimmune disorders and chronic
inflammatory conditions such as psoriasis and inflammatory bowel disease (Korn
et al. 2009). Th17 differentiation is driven by the secretion of IL-23 from dendritic
cells (Aggarwal et al. 2003). The importance of I1L-23 is related to its ability to
stabilize and expand Th17 cell lines (Korn et al. 2009).

In cancer, the role of Th1l7 cells is complex. In human colorectal cancer, the
presence of Thl cells in tumour tissue is correlated with better prognosis (Galon et
al. 2006), whereas a high expression of Th17 was consistent with worse clinical
outcome (Tosolini et al. 2011). Th17 cells can induce immunosuppressive func-
tions, thereby downregulating tumour immune surveillance as well as stimulating
angiogenesis in the TMT which promotes tumour growth and metastasis. In mice,
IL-17 promoted a significant increase in tumour growth and vascularization
(Numasaki et al. 2003). In patients with B cell acute lymphoblastic leukaemia,
increased levels of Thl7 cells and IL-17 were observed and contributed to
proliferation of cancer cells resistant to immunotherapy (Bi et al. 2016). The higher
Th17 cell levels were observed in concurrence with low levels of Th1l cells.

Conversely, Th17 cells are also capable of activating cytotoxic T cells and therefore
also have an anti-tumour effect, depending on the tumour type (Guéry & Hugues
2015). A study has recently shown that higher levels of infiltratory Th17 cells in
human ovarian cancer correlated with improved clinical outcome (Colombe et al.
2022). Hence, it is important to note that Th17 might also play a role in anti-tumour
immunity, and it seems to be highly dependent on the TMT. For example, 1L-23
levels were found negligible in ascites in ovarian cancer and low levels of IL-17
correlated with worse clinical outcome. Therefore, the anti-tumour immunity
effector function of Th17 seem to be related to IL-17 levels, and the pro-tumour
effect may be dependent upon co-stimulation from IL-23.

2.2.5 STAT3/STAT4 in cancer

STATS is a transcription factor known for its tumor promoting properties and is
activated by IL-23 and IL-6 (Rébé & Ghiringhelli 2019). In several types of cancers,
signaling via STAT3 is crucial to obtain many of the cancer hallmarks presented
earlier, including inflammation in the TMT as well as metastasis and angiogenesis.
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STAT3 is important for Th17 cell development which, as discussed earlier, can
either have an anti or pro-tumor effect (Yang et al. 2007). Interestingly, STAT3
seems to be particularly essential for driving the immunosuppressive effects of
Th17 cells in cancer by upregulating certain enzymes (ectonucleotidases) present
in the cell plasma membrane responsible for regulating metabolites important in
inflammation (Chalmin et al. 2012). Thus, signaling via STAT3 helps the tumor in
avoiding detection by the immune system.

Another transcription factor, STAT4, is activated by IL-12 and drives
differentiation of naive CD4+ T-cells into IFN-y producing Thl cells which, as
discussed earlier, increases NK and CTL cell cytotoxicity, and thereby drives anti-
tumor immunity (Ebersbach et al. 2021). This is supported by studies in mice, as a
deficiency in STAT4 lead to impaired differentiation of Th1 cells and a lack in IFN-
v mediated cytotoxicity (Thierfelder et al. 1996). In humans, studies have shown
that a downregulation of STAT4 in hepatocellular carcinoma predicted worse
clinical outcome and increased recurrence after tumor resection, while patients with
a higher STAT4 expression in tumor tissue had both less metastasis and
extrahepatic recurrence of tumor (Wubetu et al. 2014). Similar results were found
in both gastric (Nishi et al. 2017) and ovarian cancer (Wang et al. 2023).

2.3 Tumour biomarkers and targets for
Immunotherapy: comparative oncology

Biomarkers, specific proteins measured in blood and other tissues, are important
tools for identifying and monitoring disease. The ideal biomarker should be easy to
measure and be able to distinguish diseased from healthy individuals. In addition,
especially when it comes to cancer, monitoring progression, metastasis, and
recurrence of disease after treatment are desirable characteristics of potential
biomarkers.

Several biomarkers have been studied in canine cancers (Henry & Hayes 2012).
Some, such as the enzyme serum thymidine kinase 1, have shown to be potentially
useful in identifying different types of cancer, such as lymphoma, leukemia (von
Euler et al. 2006), and hemangiosarcoma (Kusaba et al. 2006). However, many
biomarkers studied in canine patients does not fulfill all the desired criteria for
cancer detection and monitoring described earlier (Colombe et al. 2022). However,
biomarkers that have been proven useful to follow in humans also seem to be of use
in dogs. Thus, studying biomarkers in canine patients might aid in the discovery of
new cancer biomarkers and targets for cancer immunotherapy in humans and vice
versa.
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2.3.1 Cytokines

Cytokines created in the TMT will eventually reach systemic circulation and can
therefore be measured by means of a simple blood sample. As briefly integrated in
the discussions with regards to T helper cells and transcription factors, certain
distinct sets of cytokines seem to be related to either pro- or anti-tumor immunity.
As such, detection of certain subsets of cytokines may help indicate presence of
disease and even predict recurrence and treatment response and may therefore serve
as potential cancer-biomarkers. (Kartikasari et al. 2021)

In human renal cell carcinoma, high serum levels of IL-6 and IL-17, cytokines
associated with pro-tumor immunity as previously discussed in relation to STAT3
signaling, positively correlated with both metastasis and recurrence of tumor after
treatment (Gudbrandsdottir et al. 2021). In human breast cancer, higher serum
levels of IL-6, IL-8 and IL-10 corresponded to severity of disease as well as meta-
stasis, survival and predicted worse response to treatment (Wang & Yang 2017).

Similarly in dogs, a recent study showed that serum levels of IL-8 and TNF- o were
found significantly higher in individuals with malignant mammary tumors (MMT)
compared to controls (Baba et al. 2019). Another study in canine patients showed
a significant increase in serum levels of IL-10 in dogs with malignant melanoma
compared to controls (Hutchison et al. 2019). In addition, significantly higher
serum levels of IL-6 and IL-10 were found in dogs with lymphoma compared to
healthy individuals, which is consistent with findings in human lymphoma patients
(von Euler et al. 2006).

Osteosarcoma (OSA) is the most common primary malignant bone tumor in both
dogs and humans (Irac et al. 2019). Although canine osteosarcoma behaves more
aggressively than human osteosarcoma, the prognosis is still poor in both species.
In particular, the cytokine TGF- 3 correlated with worse clinical outcome and more
aggressive OSA disease in humans. In dogs, blocking TGF- B inhibits proliferation
and migration of OSA cells (Portela et al. 2014). Although the TGF- B levels
specifically were measured not in serum but in the tumour cells, it still proves the
point that altering the cytokine-environment by blocking pro-tumorigenic cytokine
receptors may provide potential additional immunotherapy treatments for cancer.

2.3.2 |IL-12/IL-23 and their role in cancer

The balance between the cytokines IL-12 and IL-23 can contribute to the creation
of an either pro- or anti-tumour microenvironment (Yan et al. 2018). Their
signalling seem to regulate the TMT antagonistically, where IL-12 is known to
promote tumoricidal effects whereas IL-23 can favour tumour development
(Langowski et al. 2006).
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Signalling via IL-12 leads to induction of the STAT4 signalling cascade, which
drives a cell-mediated immune response via differentiation of naive CD4+ T cells
into T helper type 1 cells. The Th1 cells release of IFN-y which drives the cytotoxic
response via activation of NK cells and CD8+ T cells in the tumor (Langowski et
al. 2006). The activated NK cells and cytotoxic T-lymphocytes themselves secrete
IFN-y, as well as perforin and granzyme, rendering them directly toxic to cancer
cells and amplifying the anti-tumour response (Tugues et al. 2015). IFN-y release
induces an upregulation of adhesion factors in tumour vasculature, thereby
facilitating recruitment of immune cells into tumour tissue. In addition, it also
inhibits tumour angiogenesis, and thereby prevents metastasis.

IL-12 down-regulates PD-1, as discussed earlier on immune checkpoints, on CD8+
T cells and is also required for PD-1 inhibitors to enable CD8+ T-cell killing of
tumour cells in immune-checkpoint therapy (Mirlekar & Pylayeva-Gupta 2021).
Although the anti-tumour effects related to IL-12 has been recognized primarily
through driving the Th1 cell response, it also seems to have a local antitumor-effect
through upregulation of leukocyte adhesion molecules in tumour tissue (Eisenring
et al. 2010). In human colorectal cancer, pre-operative serum levels of IL-12 served
as a promising prognostic marker for survival, where patients with higher levels of
IL-12 showed a significant increase in survival (Stanilov et al. 2014). In addition,
levels of circulating IL-12 decreased significantly as the disease progressed.
Therefore, IL-12 may serve as a potential biomarker for both disease prognosis and
progression.

Conversely, IL-23 activates the STAT3 signalling pathway (Floss et al. 2020), a
pro-oncogenic transcription factor related to poorer prognosis in several human
cancers (Kusaba et al. 2006). In contrast to the Th1l response induced by I1L-12, IL-
23 has been shown to induce expansion of Th17 cell lines, leading to a shift toward
an IL-17 profile (Yan et al. 2018). IL-23 is known to promote tumour growth and
metastasis by initiating angiogenesis and activating inflammation by MMP9
(matrix metallopeptidase 9) upregulation (Langowski et al. 2006). It also reduces
infiltration of CD8+ T cell into tumour tissue, thus downregulating immune
surveillance.

In humans, a significant upregulation of IL-23 is seen in many cancer forms, such
as colon, ovarian, lung, breast, head and neck, stomach cancer and melanoma
(Langowski et al. 2006). The overexpression of IL-23 in human cancer is
sometimes seen in concurrence with low levels of IL-12 (Yan et al. 2018). In
advanced colorectal cancer, a significant increase in serum levels of 1L-23 was
observed compared to controls (Stanilov et al. 2010). Thus, IL-23 may serve as a
potential cancer biomarker as it is not only related to presence of disease but may
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also provide prognostic information as it is related to poorer prognosis in several
cancers as mentioner earlier.

2.3.3 Targeting IL-12 and IL-23 in cancer immunotherapy

IL-12 as a monotherapy has shown great results in preclinical studies. However, in
the clinical setting in human medicine, problems like dose toxicity in combination
with insufficient anti-tumour responses in humans has led to disappointing results
(Nguyen et al. 2020). The lack of efficacy is thought to occur because it is not
systemic but rather local administration of IL-12 in the TMT that provides effective
tumoricidal effects without systemic dose-toxicity. In veterinary medicine
however, 1L-12 has shown to be quite effective for treating several types of tumour
in both large and small animals (Pavlin et al. 2012).

In mice with experimentally induced melanoma, administering CD8+ T lympho-
cytes that have been primed ex vivo with I1L-12 resulted in tumour regression as
well as creation of persisting memory T-cells directed toward tumour antigen
(Diaz-Montero et al. 2011). Another study in mice with B cell-lymphoma, CAR T
cells, T cells engineered with a receptor specific for tumour-antigen intended to
target tumour cells specifically, that were modified to express IL-12 lead to eradica-
tion of tumour (Kueberuwa et al. 2017). Similar results with increased survival and
improved anti-tumour cytotoxicity in preclinical mice-models were seen in both
ovarian (Koneru et al. 2015) and hepatocellular carcinoma (Liu et al. 2019).

In a clinical study in humans with glioblastoma where the resection cavity was
treated locally with IL-12, a local increase of IFN-y producing T lymphocytes was
observed, switching the TMT from a pro to an anti-tumorigenic profile (Chiocca et
al. 2019). Thus, IL-12 has shown potential as an alternative immunotherapy,
especially in combination with other immunotherapies. However, further studies
are required to improve the safety of IL-12 to avoid adverse effects, mainly by
invention of techniques that enable a local delivery directly into the TMT rather
than systemically (Mirlekar & Pylayeva-Gupta 2021).

In animal models, mice with transplanted tumours that were depleted of IL-23
showed a restriction in tumour growth. In addition, by depleting IL-23 through
administration of antibodies, an increase in tumour-infiltrating cytotoxic T
lymphocytes was observed. In mice with melanoma, injection with IL-23 lead to a
decrease in infiltration of CD8+ T lymphocytes. Conversely, injection with 1L-12
increased cytotoxic activity in tumour, consistent with results from studies
discussed earlier. This suggests that IL-23 also plays a role as a target for
immunotherapy since blockage of IL-23 signalling seem to alter the TMT to
promote anti-tumour immunity. (Langowski et al. 2006)
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3. Materials and method

3.1 Patient groups

The recruitment of controls were done using already collected samples from
individuals that could be defined as healthy based on normal serum biochemistry
and hematology, which is why blood donors were used as controls. Since analysis
of these parameters were performed, dogs with normal values and no clinical
symptoms that were deemed suitable blood donors were considered appropriate
candidates as controls in this study. For patients with lymphoma, mast cell tumours
and mammary tumours, the requirement to participate was a definite clinical
diagnosis of the disease for each patient, which varied from case to case. In the
lymphoma croup, FNA of palpable lymph nodes or FNA with ultrasonographic
guidance of affected organs were a common method of diagnoses. In the mast cell
tumour group, FNA was a common diagnostic tool including ultrasonographic
diagnosis from one patient in this group. In mammary tumours, surgical removal
and histopathological examination was the standard mode of diagnosis of disease.

3.2 Sample collection

Appropriate candidates, canine patients of all ages and breeds, were assessed upon
presentation of suspected lesions or other symptoms. Before sampling appropriate
candidates, owners signed a consent form agreeing on the participation of their dogs
in the study. This was aligned with ethical permission according to C103/10, C2/12,
C12/15, and 5.8.18-04682/2020. Blood samples were collected in serum and EDTA
tubes using a closed vacutainer system. The area was clipped and sterilized before
sampling. Serum samples were centrifuged 30 minutes after sampling. The serum
was then transferred into separate tubes. Blood samples that required transportation
were transported with freeze clamps. All samples were then stored in the canine
biobank at SLU Small Animal University Hospital until analysis.

Fine needle aspiration was performed from suspected lesions to confirm malignant
neoplasia and sort out patients with benign processes. This was done using a 22G
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needle and syringe. The sample was then transferred onto microscopic slides. Intra-
abdominal lesions were sampled using ultrasound-guided technique. Cutaneous
lesions were sampled directly. The slides were fixed and dyed routinely. In patients
that underwent surgical removal of suspected tumours where tissue was sent for
pathological-anatomical diagnosis (PAD), only the consent-form and blood
sampling was required. The PAD lab-result was then noted to confirm the diagnosis
as it arrived in the medical chart from each patient. On some of the patients where
lymphoma was suspected, PCR for Antigen Receptor Rearrangements (PARR) was
performed as well.

Sampling from appropriate canine patients was undertaken in Ostersunds Small
Animal Hospital, and at the Oncology Devision at the Small Animal University
Hospital (UDS). Healthy individuals used as a control-group were collected from
the canine biobank at SLU Small Animal University Hospital, consisting mainly of
blood donors. New sampling took place from March 2023 until November 2023.
Older samples in which malignant neoplasia was previously confirmed were used
to achieve sufficient data for analysis, as some newly sampled patients appeared to
have benign lesions upon PAD analysis or cytology. When choosing appropriate
samples for analysis, three different tumour groups were analysed: lymphomas,
mammary tumours and mast cell tumours.

3.3 Analysis of serum samples

3.3.1 Canine IL-12p40 ELISA

The 1L-12 family of cytokines in which IL-12 and IL-23 are included, share several
subunits. IL-12 consists of subunits p40 and p35, whereas 1L-23 consists of subunits
p40 and p19 (Mondal et al. 2020). The analysis used in this study measures the level
of 1L-12p40 in serum, the subunit shared between both cytokines, using enzyme-
linked immunosorbent assay (RayBio® Canine I1L-12 p40 ELISA Kit, Atlanta,
USA). Each sample from each patient was analysed in duplicates.

Reagents and samples were brought to room temperature before analysis. Blood
serum was diluted 1-3 fold with 1X Assay Dilutent from the kit. The 1X Assay
Dilutent was diluted 5 fold with distilled water before use. The kit contains 96 wells
coated with canine IL-12p40 antibody, to which samples and standards were added
and then washed. Any 1L-12p40 present in samples bound to their complementary
antibodies in the wells. After the first round of washing, biotinylated anti-Canine
IL-12p40 antibody was added. The plates were washed again to remove any
unbound anti-Canine 1L-12 p40 antibody. HRP-conjugated streptavidin was then
added to produce a transition in colour from blue to green in those wells that IL-12
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p40 was present. The degree of colour-transition corresponded to the concentration
of IL-12 p40 in the sample and was assessed at 450 nm. Each sample from each
individual was analysed twice.

3.3.2 CRP

C-reactive protein was analyzed in the majority of patients. One patient in each
group did not have their serum CRP measured and were therefore not included in
the data anlysis of this parameter. CRP in serum was measured at the Clinical
Chemistry Laboratory at the SLU Small Animal University Hospital. When
calculating average CRP values, patients with values <7 was set equal to 0.

3.4 Staging of tumours

3.4.1 Lymphoma

Staging of lymphoma was performed according to the WHO staging of canine
multicentric lymphoma, as seen in table 1. The number of dogs within each stage
is also presented. Staging was performed based on clinical examination and
diagnosis via FNA and imaging diagnostic tools with appropriate sampling from
affected organs.

Table 1: Staging of canine lymphoma patients. A total of 14 patients with lymphoma were analyzed
and staged.

Stage Number of dogs
1 - single lymph node involvement 0
2 - enlarged lymph nodes on one side of the diaphragm 4
3 - involvement of lymph nodes both sides of the diaphragm 5
4 - liver and/or spleen involvement 2
5 — involvement of bone marrow, CNS or other distant sites 3

3.4.2 Mast cell tumours

Mast cell tumours were staged on a scale of 1-4 explained in table 2, based on the
number of tumours present, if lymph nodes are involved and if there are distant
metastases present. The number of dogs within each stage are also represented.
Staging was based on clinical examination, histopathological examination of
specimen upon surgical removal and imaging diagnostic tools and appropriate
sampling when metastases were suspected.
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Table 2: Staging of canine patients with mast-cell tumours. A total of 5 dogs were diagnosed and
staged.

Stage Number of dogs
1 - one tumor on the skin with no involvement of lymph nodes 1
2 - skin tumour and lymph node involvement 2

3 - correspond to multiple skin tumors with or without lymph node 1
involvement

4 - distant metastasis 1

3.4.3 Mammary tumours

Mammary tumours were staged according to the TNM system of staging, presented
in table 3. A total of 4 dogs were analyzed and staged. The number of dogs within
each stage are represented. Staging was based on clinical evaluation of tumors and
histopathological examination of specimens after surgical removal, including
imaging diagnostic tools when appropriate.

Table 3: Staging of canine patients with mammary tumours.

Stage Number of dogs
1 —one solid tumour <3 cm 1

2 — one tumour 3-5 cm in size 1

3 —tumour >5 cm in size

4- tumour with lymph node involvement 1

5 — distant metastasis 1

3.5 Data analyses

Results from ELISA were retrieved in excel. The mean absorbance was read and a
standard curve was plotted. The y-axis represented absorbance and the
corresponding serum concentration of 1L-12p40 was presented on the x-axis. Thus,
the serum concentration of IL-12p40 could be determined using the known
absorbance and the curve. Since each sample was analysed in duplicates, the mean
serum concentration of 1L-12p40 from each individual was also retrieved from
which the inferential statistical analyses were performed. The data presented in the
box plots and calculation of mean, median, maximum, and minimum values were
performed using the two separate measurements from each individual. Hence, more
accurate values could be retrieved as the sample size was generally small for each
group, especially in the mammary tumour and mast-cell tumour groups. T-tests
were performed in each group and compared to controls, and between tumour
groups. A statistically significant difference was defined as a p value <0.05.
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Difference in CRP between tumour groups were analyzed, and a p value of <0.05
was considered statistically significant. The correlation between CRP and seum IL-
12p40 levels in each group were also analyzed with respect to the same p value.
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4. Results

4.1 Physical parameters in tumour groups and controls

4.1.1 Age

Ages at sampling in the lymphoma ranged from 3 to 11 years old, with a mean age
of 7.2 years old. In the mammary-tumour group, one patient was 10 years old, two
9 years old and one patient was one year old, with a mean age of 7.25. In patients
with mast-cell tumours age at sampling ranged from 3 to 13 years old with an
average age of 7-8 years. As the control group was generally made up of blood
donors, the individuals were younger with an average age of 2.6 years old, and a
range from 1 to 5 years in the group.

Table 4: Mean age in years at sampling in controls and patients with tumours. 13 controls, 14
patients with lymphoma, 4 patients with mammary tumours and 5 patients with mast cell tumours
were studied.

Controls Lymphoma MMT Mast cell
Mean age 2.2 7.2 7.3 7.8
(years)
4.1.2 Breed

A total of 21 breeds were included in the study, counting both controls and patients
with tumours. The most common breeds were mixed breed and Flatcoated
Retriever, followed by Boxer. One patient from the lymphoma and mammary
tumour groups were of unknown breed and are not included in the table.
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Table 5: Breed distribution in each group of patients including controls. N represents the number
of dogs in each group wher breed could be identified.

Breed Controls Lymphoma MMT Mast cell
Mixed 1 3

Boxer 2

Boerboel 1

Border Collie 1

Briard 1
Collie 1

English Setter 1

Flatcoated 3 1
Retriever

German 1

Shepherd

Golden 1

retriever

Greenlanddog 1

Labrador 1 1

retriever

Malamute 1

Mastiff

Nova Scotia 1 1
Duck Tolling

Retriever

Perro de Agua 1
Rhodesian 1

Ridgeback

Rottweiler 1 1
Staffordshire 1

Bullterrier

Saluki

Wachtel

White Swiss 1

Shepherd
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4.1.3 Gender

Table 6: Gender distribution in each tumour group and controls

Sex Controls Lymphoma MMT Mast cell
Male 10 8 0 2
Female 3 6 4 3

n=13 n=14 n=4 n=5

A total of 10 males and 13 females were analyzed in the tumour groups. In the
control group, only 3 out of 10 dogs were females.

4.1.4 Weight
Table 7: Average weight distribution between groups
Controls Lymphoma MMT Mast Cell
Average 33.4 34.3 26.7 25.8
weight (kg)
n=13 n=14 n=4 n=>5

Average weight in the control group and lymphoma group appeared very similar.
The MMT group and Mast-cell tumour group displayed similar average weight but
lower than that of the other two groups.

4.2 Serum concentration of IL-12p40 in canine patients
with lymphoma

A total of 13 patients diagnosed with high grade lymphoma and one patient
diagnosed with leukemia were analyzed as one tumour-group and compared to a
control group consisting of 13 patients. All lymphoma patients were staged
according to the WHO staging of canine multicentric lymphoma. Tumour stages in
patients in this study ranged from stage 2-5 with an average stage of 3.

The average serum concentration of IL-12p40 in dogs with lymphoma was
significantly higher than in controls (p = 0.0013), with an average of 1013.67 pg/mL
compared to 334.47 pg/mL in the control group. Half of the patients in the
lymphoma-group displayed values >1000 pg/mL, whereas only one dog in the
control group had a value >1000 pg/mL. Apart from this outlier and two other
individuals, the remaining 10 dogs in the control group all displayed values <300
pg/mL compared to the lymphoma group where all patients displayed values >300
pg/mL. The median, minimum and maximum values in dogs with lymphoma dogs
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were 1037.99, 311.57 and 1891.02 pg/mL respectively. In controls, the median,
minimum and maximum values were 209.4, 109.02 and 1478 pg/ml respectively.
Two outliers were identified in the control group, one individual with the maximum
value of 1478.4 and another with a value of 636.39. The first individual had
leukocytosis of unknown cause, and the other displayed eosinophilia. Both
individuals were clinically healthy and, after another sample, still deemed suitable
as blood donors.

group
B Contro
* —
1800 - ] Lymphoma

1600

1200

1000

i112p40 pg/mL

600

400

200 °*a3* | i

Control Lymphoma

Figure 1: Box plot presentation of serum concentration of IL-12p40 in control group and patients
with lymphoma. Data is presented using two separate measurements for each individual as sample
size is small. A total of 14 dogs with lymphoma were analyze and compared to 13 controls.

4.3 Serum concentration of IL-12p40 in canine patients
with mast cell tumours

Only 5 patients with mast cell tumors were analyzed and compared to the same
control group. The tumors were graded on a scale of 1-4 as described in the section
on materials and method. Tumours in this group scoped all stages, with a mean
stage of 2.4.

The average serum concentration of I1L-12p40 in this group was 171.7 pg/mL, and

therefore lower than that of controls. No statistically significant difference was
found between the groups (p = 0.145). All samples in the mast cell tumor group
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displayed values <300 pg/mL. Interestingly, the only patient with stage 4 disease
had the lowest serum concentration of 1L-12p40 of in the group (96.1pg/mL). The
median, minimum and maximum values for mast cell tumours were 138.05, 95.2
and 289.5 pg/mL respectively. Thus, it is generally lower than that of controls.
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Figure 2: Box plot presentation of serum concentration of 1L-12p40 in control group and patients
with mast cell tumours. Data is presented using two separate measurements for each individual as
sample size is small. A total of 5 dogs with mast cell tumours were analyzed and compared to 13
controls.

4.4 Serum concentration of IL-12p40 in canine patients
with mammary tumours

A total of 4 patients with mammary carcinomas were analyzed. The patients were
staged according to the TNM system as described in the section on materials and
method. The mean stage was 3, as only four patients were analyzed and displayed
stage 1, 2, 4 and 5 respectively.

The average serum concentration of I1L-12p40 in the mammary tumour group was
227.6, and no statistically significant difference was found when compared to
controls (p = 0.442). The median, minimum and maximum values in dogs with
mammary tumours were 193.0, 72.7 and 455.1 pg/mL respectively.
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Figure 3: Box plot presentation of serum concentration of IL-12p40 in control group and patients
with mammary tumours. Data is presented using two separate measurements for each individual as
sample size is small. A total o 4 dogs with mast cell tumours were analyzed and compared to 13
controls.

4.5 Difference in IL-12p40 between tumour groups

There was a statistically significant difference between the lymphoma group
compared to the other two groups respectively. The concentration of 1L-12p40 in
dogs with lymphoma was markedly increased compared to mammary tumours (p =
0.0005) and mast-cell tumours (p = 0.0001). No significant difference was found
when comparing mammary tumours to mast-cell tumours (p = 0.6).
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Figure 4: Box plot comparing representing the difference in concentration of IL-12p40 in all groups.
Data is presented using two separate measurements for each individual as sample size is small. A
total of 23 dogs with cancer were analyzed and compared to 13 controls.

4.6 Association between serum concentration of IL-
12p40, C-reactive protein and tumour stage

4.6.1 C-reactive protein

All but one patient in the lymphoma group also had a blood-test result for their
serum C-reactive protein (CRP), 3 out of 4 in the mammary tumour group and 4
out of 5 patients in the mast-cell tumour group. An average CRP value of 53.8 was
found in the lymphoma group, compared to 3.7 in mammary tumours and 23.5 in
mast cell tumours respectively. There was a statistically significant difference in
the CRP value in the lymphoma group compared to the mammary tumour group (p
= 0.008). There were no statistically significant differences in CRP between
lymphoma and mast-cell tumours (p = 0.1) or mammary tumours and mast cell
tumours (p = 0.05).

No statistically significant correlation between CRP and serum concentration of IL-
12p40 were found in the lymphoma group, with an R? value of 0.02 (p = 0.6). The
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same was true for mast-cell tumours, with an even lower R-value of 0.007 (p =0.9).
On the contrary, an R? value of 1.0 was found in the mammary tumour group, with
a statistically significant correlation between serum level of IL-12p40 and CRP (p
=0.03).
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Figure 5: Bubble diagram representing correlation between serum IL-12p40 and serum CRP levels
with lines of best fit for each tumour group. Size of the bubble represents tumour stage,, the larger
the size the higher the stage.

4.6.2 Tumour stage

As described earlier, every patient was staged in relation to tumour burden
according to each type of tumour. Analysis of correlation between tumour stage and
serum concentration of I1L-12p40 revealed similar results as that of the correlation
between CRP and 1L-12p40.

No significant correlations between stage of tumour and IL-12p40 were found in
the lymphoma or mast-cell tumour patients, with an R? value of 0.09 (p = 0.3) and
0.02 (p = 0.9) respectively. In the mammary tumour group however, statistically
significant correlation between stage and 1L-12p40 was found, with an R? value of
0.9 (p = 0.04). The data with the line of best fit for each group is plotted in figure
X. The size of the circles represent CRP value, the larger the circle the higher the
CRP. Patients with CRP <7 or where values were missing, which was the case for
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one patient in each group, the values were set to 6 so that they would appear on the
graph. This is because all tumours were staged, and the plot represents correlation
between serum levels of IL-12p40 and tumour stage.
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Figure 6: Bubble diagram representing correlation between serum IL-12p40 and tumour stage with
lines of best fit for each tumour group. Size of the bubble represents CRP value, the larger the size
the higher the CRP. Dogs with CRP <7 was set equal to 6 so that they would appear on the graph,
and the same was done for dogs with no values.
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5. Discussion

5.1 Differences in IL-12p40 levels among tumour
groups and controls

In this study, a statistically significant increase in serum concentration of 1L-12p40
was found in patients with lymphoma compared to controls as well as the other two
tumour groups. There may be several potential explanations for this, depending on
if the assumption is that there may be elevated levels of either IL-12 or IL-23, or
potentially both. Because IL-12p40 is not only a component of IL-12, but also
combines with the subunit p19 to form the IL-23 cytokine, measurement of IL-
12p40 cannot distinguish between the two cytokines. Hence, it is not clear whether
the patients in this study with elevated serum concentrations of IL-12p40 harboured
predominantly high levels of IL-12 or high levels of 1L-23.

The reason why a significant difference in the serum IL-12p40 levels in the
lymphoma- group may be due to the larger sample size compared to the two small
groups of mammary and mast cell tumours. The reason why the lymphoma-group
was generally larger may be because lymphoma is the most common type of
neoplasia currently diagnosed in canine patients (M 2016). A potential explanation
for the increased serum-levels of IL-12p40 in these patients, regardless of group-
size, may be that it is an aggressive type of cancer. Patients with intermediate- to
high-grade lymphoma, such as those in this study, that do not receive treatment,
will succumb to their disease within 4-6 weeks from diagnosis (Vail et al. 2019).
When compared to the group with mammary carcinomas, even when these tumours
are particularly aggressive, the median survival time is 11 months after surgical
removal (Chocteau et al. 2021). Similarly with regards to mast cell tumours, a study
on subcutaneous mast-cell tumours, which all of the patients in this group had in
this study, the minimum mean survival time after surgery with incomplete excision
in 66% of cases and metastasis in 6% of cases was reported as being around 3 years
(Newman et al. 2007). Thus, both mammary and mast-cell tumours are generally
considered less aggressive when compared to lymphoma.
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On a prognostic perspective, chemotherapy, the standard line of treatment of high-
grade lymphoma in dogs, lead to complete remission in 60-90% of cases with a
median survival of 6-12 months (Vail et al. 2019). This is generally lower than the
expected survival after surgical treatment of mammary and mast-cell tumours, or
in some instances similar to very aggressive mammary carcinomas. Although
survival time is definitively prolonged upon treatment of lymphoma, cures are rare
and the disease is considered generally fatal. This again supports the claim that
high-grade lymphoma is generally considered to be a more aggressive type of
cancer in comparison to mammary tumours and mast cell tumours. This may
provide some explanation as to why the concentration of 1L-12p40 differs was
significantly higher in lymphoma patients compared to the other tumour groups. It
also suggests that serum IL-12p40 may play a role as a potential prognostic
biomarker in canine cancer.

As discussed in the literature review, circulating levels of IL-12 in human colorectal
cancer greatly decreased with disease progression. It may therefore be discussed
that the increase in IL-12p40 in patients with lymphoma may represent an increase
in IL-23 which has been shown to be overexpressed in several types of cancers in
humans. To confirm this, following the patients and performing repeated measure-
ments, preferably of IL-12 and IL-23 specifically, could be useful. Overall, the
sample sizes in patients with mammary tumours and mast cell tumours were very
small, and investigation of the levels of I1L-12p40 in larger groups could provide
more accurate data.

In summary, the results show that IL-12p40 may serve a role as a potential
biomarker for canine lymphoma, as the levels were significantly higher in this
group than that of controls. Even though two outliers were identified in the control
group, possible reasons for this were found (with one patient having leucocytosis
and the other eosinophilia). Thus, the values in the control-group was generally
significantly lower than those in the lymphoma group. This suggests that serum IL-
12p40 in lymphoma patients differ from that of the clinically healthy canine
population, although larger groups of controls would be useful to draw further
conclusions.

5.2 Correlation of serum IL-12p40 levels and C-
reactive protein

No statistically significant correlations between serum CRP and IL-12p40 were
found in the lymphoma group. The same was true for mast-cell tumours. In the
mammary tumour group however, a significant correlation was found, which shall
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be interpreted with caution since the sample size is very small. Despite the lack of
linear correlation with IL-12p40 in the lymphoma group, the average serum CRP
value was generally higher in this group, and when compared to mammary tumours
it was significantly higher (p <0.05). Therefore, it cannot be ruled out that the
increase in 1L-12p40 in this group may represent a systemic inflammation which
may be attributed to a dysregulation of the immune system caused by the cancer
itself. However, as in the study by von Euler et al. 2006, the levels of IL-6 in dogs
with lymphoma are usually significantly higher. As IL-6 is well known to induce
CRP production, the reason for the elevated CRP levels in the lymphoma group can
most likely be attributed to IL-6 rather than elevated levels of IL-12 and/or IL-23.

Since tumours are striving to create a favorable TMT by shifting the cytokine-
profile to one that promotes tumour survival, there may be higher levels of IL-23
in serum present. This may not cause such a significant increase in CRP, as the
systemic inflammation is not as pronounced as if there were higher circulating
levels of IL-12 - which is logical since the tumour attempts to avoid immune
detection. This may explain why no definite correlation between IL-12p40 and CRP
could be seen in the lymphoma or mast-cell tumour group, since the immune system
becomes dysregulated to favor tumour-survival. This also touches on the difficulty
to interpret the levels of 1L-12p40 as either an increase in IL-12 or IL-23 or both.
To investigate this phenomenon further, apart from repeating analysis with larger
sample sizes, evaluating the correlation between CRP levels and IL-12 levels in
serum could be useful.

5.3 Correlation of serum IL-12p40 levels and stage of
disease/metastasis

Like the analysis of CRP, no statistically significant correlations between tumour
stage in lymphoma or mast cell tumours and IL-12p40 were found. The lack of
correlation may thus argue against its potential use as a prognostic marker in cancer.
On the contrary, a strong correlation between 1L-12p40 and stage of mammary
tumour suggests that it may be useful in some cancers. However, it is important to
note that the sample size is generally small throughout all groups, and definite
conclusions cannot be drawn without analysing larger groups of patients as well as
patients with other types of cancer.

Early studies have shown that IL-12p40 acts in a negative-feedback manner by
down-regulating the effector functions of IL-12 through competitive binding to the
IL-12Rp1 receptor, the receptor subunit common to both IL-12 and IL-23 (Mattner
etal. 1997). Because it binds to the shared receptor subunit, the action of IL-12 and
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IL-23 on their respective receptors is limited and it is therefore considered having
an antagonistic role. For example in mice, tumours engineered to produce 1L-12p40
repressed IL-12 anti-tumour mediated immune response, as well as the anti-tumour
specific I1L-23 mediated responses in splenocytes (Shimozato et al. 2006). This
might provide a possible explanation as to why patients in the lymphoma and
mammary tumour groups, with more widespread/higher staged disease, also
displayed higher serum levels of IL-12p40 - as it may represent a dysregulation of
the immune system in these patients.

A possible reason for the lack of association between stage of tumour and IL-12p40
in these groups may be an imbalance between the levels of IL-12 and IL-23. This
balance can differ between tumour types as explained in the literature, since it is
not always that high levels of IL-23 is found in concurrence with low levels of IL-
12. Since we cannot distinguish between IL-12 and IL-23 in this study, it is difficult
to determine the exact reason for this.

5.4 Potential independent role of IL-12p40

Recent studies have proposed that IL-12p40 may have an independent agonistic
role in initiating an early immune response, in contrast to the generally accepted
concept of its antagonistic function on the IL-12RpB1 receptor subunit (Cooper &
Khader 2007). Interestingly, early data has shown that IL-12p40 is secreted in a
wide range of inflammatory conditions and is present in excess in both Th1l and
Th2 type responses in both mice and humans (Abdi 2002). It was suggested that
IL-12p40 secreted from APCs may dimerize with other molecules in the local
inflammatory environment, or as in the case of cancer in the TMT. These dimers
then communicate with T cells to drive the appropriate immune response depending
on the condition, for example which pathogen the host is infected with or if there is
an ongoing autoimmune response.

Thus, as discussed previously, this may explain why many of the patients in this
study with concurrently elevated CRP levels displayed higher serum levels of IL-
12p40 independent of tumour type. Regardless of whether the IL-12p40 levels
represented either an abundance IL-12 or IL-23, it is rather the inflammation itself
in cancer and the dysregulation of the immune response that may be the reason for
the excess serum levels of 1L-12p40.
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5.5 Role of IL-12 in lymphoma

Although the anti-tumour immunity effect of IL-12 is well established, studies have
shown that the role of IL-12 in lymphoma may deviate from that of other types of
tumour (Charbonneau et al. 2012; Yang et al. 2012). In human follicular lymphoma,
an extended exposure to IL-12 led to an exhaustion of T cells leading to poorer
prognosis. This is a dysfunction T-cells due to expression of receptors coding for
inhibitory signals and down-regulated effector function, which is seen not only in
cancer but also in in infections (Wherry 2011). This leads to a suboptimal immune
response and prevents the immune system from gaining control over tumours and
cancer cells. Therefore, there is also a possibility that the elevated levels of IL-
12p40 in dogs with lymphoma in this study could represent an increase in IL-12.

It should be noted that the mechanism by which long term 1L-12 exposure induces
T-cell exhaustion in lymphoma is not through IFN- y production, but seem to occur
independently through a STAT4 mediated mechanism (Yang et al. 2012). This is
important because, as discussed, IFN- vy is strongly correlated to anti-tumour
immunity regardless of tumour type and is an important component in the otherwise
tumoricidal effect of IL-12. However, in canine large B-cell lymphoma, factors
within the TMT inhibited the tumoricidal effect of CD8+ cytotoxic T lymphocytes
via secretion of immunosuppressive cytokines such as IL-10 (Weng et al. 2023).
Thus, the effector function of T-cells in lymphoma seems to be down-regulated in
both human and canine patients. However, the long-term exposure of IL-12 in
canine patients with lymphoma remains to be investigated.
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6. Conclusion

A statistically significant increase in serum levels of 1L-12p40 was found in patients
with lymphoma compared to controls, which may suggest it could be of potential
use as a biomarker for lymphoma. However, measuring the serum levels of IL-
12p40 both before and after initiating for lymphoma-treatment protocols may be
useful to evaluate the prognostic value of this marker, and thus no conclusion could
be drawn in this regard. Since a great overlap in levels of 1L-12p40 was observed
between controls, mammary tumours and mast cell tumours, no conclusion can be
drawn in this study as to if the levels may differ between these groups. Therefore,
evaluation of its potential use as a biomarker for disease detection, prognosis and
treatment remains unclear.
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Popular science summary

Cancer is a widespread disease characterized by uncontrollable cell-division, it
affects not only humans, but also our companion animals. For cancer to grow and
spread to different parts of the body, it must avoid being detected and destroyed by
the immune system. To do this, cancer cells can manipulate the nearby environment
in the body to its advantage by creating a state of chronic inflammation that favours
tumour survival.

For all cells to communicate, regardless of if they are cancer cells, immune cells or
simply normal cells that constitute our organs, they need substances that carry
information. These substances are usually proteins. One of the most common
signalling substances in our body are called cytokines, generally referred to as
“interleukins”. The interleukins are usually assigned different numbers depending
on their function, what cells they are produced by, and which type of cells they
communicate with. Different cytokines convey different types of information and
alters the physiological environment differently. As an example, some cytokines
alert the immune system when we are infected by a pathogen to stimulate an
immune response that eliminates the intruder, such as a virus. Some cytokines alert
the body to know that it is time to stop attacking an infection once the virus or
bacteria are defeated, and thus down-regulates the immune systems response.

By manipulating the nearby environment, cancer can hijack the immune system in
its favour. It does so by stimulating the production of cytokines that attract immune
cells that maintain inflammation, which is necessary for cancer to grow, but does
not kill off the cancer cells. Studies have shown that certain cytokines, primarily
those that down-regulate the immune system, are associated with worse outcome in
patients with different types of cancer. Similarly, cytokines that are associated with
stimulation of the immune system to recognize and kill cancer cells are linked to
better outcome, and in some cases also better response to cancer treatment.

By recognizing cytokines that favour tumour development and those that stimulate
tumour eradication, potential for developing new cancer treatments arise. Some
cytokines, such as Interleukin-2, are already approved for treatment of kidney
cancer and melanoma, a type of skin cancer, in humans.

49



In this study the levels of a certain subset of cytokines termed Interleukin-12 (IL-
12) and Interleukin-23 (IL-23) were investigated. The purpose was to see whether
the levels of these cytokines may be useful for detecting the presence of disease and
if they differ between different types of cancer. Generally, several studies have
indicated that IL-12 stimulates the recognition and killing of cancer cells while IL-
23 can allow the tumour to hide from the immune system and is correlated with
worse outcome.

Analysis of blood samples from dogs with lymphoma, mammary tumours and mast
cell tumours were performed using ELISA, a type of analysis that utilize antibodies
to detect proteins, such as cytokines. Analysis of healthy dogs, termed the control
group were also performed, and the groups were compared to one another. Since
the analysis was done measuring a protein that is a building block in both IL-12 and
IL-23, it is uncertain whether the results indicate that 1L-12, IL-23 or both cytokines
are present.

This study concluded that the levels of these cytokines were significantly higher in
dogs with lymphoma compared to the other groups. However, no definite
conclusions could be drawn regarding the remaining groups as the number of
patients in these groups were very small. Further studies, preferably with larger
groups and multiple types of cancer, are required to investigate the usefulness of
measuring these cytokines. For example, investigating if certain levels of these
cytokines correlate with better or worse prognosis and treatment response could be
useful to monitor cancer in both humans and animals.
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