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ARTICLE INFO ABSTRACT

Non-Hodgkin Lymphoma (NHL) is among the most common neoplasias in dogs and humans. Owing to re-
markable similarities with its human counterpart, the canine lymphoma (cNHL) model has been proposed as a
powerful framework for rapid and clinically relevant translation of novel immunotherapies. However, the es-
tablishment of ¢cNHL as a predictive preclinical model has been hampered by the limited characterization of the
canine immune system. Cytokines are key players of the interaction between tumor and its microenvironment. In
human NHL, multiple cytokines have been linked to the development of lymphoma and are relevant biomarkers
for treatment response and prognosis. In contrast, few studies have investigated cytokines in cNHL. Within this
context, this study aimed to investigate cytokine regulation in cNHL.

A multicentric cNHL biobank was successfully constructed. Cytokine mRNA profiles in tumor tissue and
circulating PBMC were analyzed by qRT-PCR and compared to a healthy control group. Specific primers were
used to evaluate Thl, Th2 and Th17 responses. Systemic cytokine concentrations were measured using a
commercial canine multiplex assay which included IL-2, IL6, IL-10 and TNF-a, and compared to a healthy
control group. Our results demonstrated a dysregulation of cytokine mRNA expression, representative of the
tumor microenvironment and systemic response in cNHL. Intratumoral cytokine response revealed a significant
downregulation of humoral and Th1 responses. The systemic response demonstrated a distinct mRNA pattern,
however immunosuppression also prevailed. Cytokine serum quantification showed a significant increase of IL-
10 concentration in cNHL. Significant differences in hematological parameters were described and a correlation
between IL-6 protein serum levels and neutrophil count was shown. Finally, data analysis demonstrated that
baseline pretreatment IFN-y tissue mRNA levels were correlated to survival outcome, predicting a favorable
response to chemotherapy.

Altogether, these results revealed that cNHL presents a local and systemic dysregulation in cytokine response.
By confirming and extending previous research, our work contributed for the evaluation of potential cytokine
candidates for diagnostic, prognostic purposes and therapeutic intervention, therefore adding value to com-
parative oncology.
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1. Introduction hampered by the limited characterization of the canine immune system.

Several efforts have been made to develop immunotherapeutic ap-

Non-Hodgkin Lymphoma (NHL) is among the most common neo-
plasias in dogs and humans. Owing to remarkable similarities with its
human counterpart, the canine lymphoma (cNHL) model has been
proposed as a powerful framework for rapid and clinically relevant
translation of novel immunotherapies (Park et al., 2016). However, the
establishment of cNHL as a predictive preclinical model has been

proaches for dogs. (Ito et al., 2015; Jain et al., 2016; Marconato et al.,
2015; O’Connor and Wilson-Robles, 2014; Weiskopf et al., 2016). To
date, two mAbs - CD20-positive B cell (Blontress®) and CD52 positive T
cell lymphoma (Tactress®) - have been approved by the US Department
of Agriculture and are commercially available in the USA and Canada
(Regan and Dow, 2015). Nevertheless, the reported therapeutic efficacy
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of these mAbs is suboptimal and substantially inferior to results re-
ported in human patients. These results show that, apart from the im-
portance of developing specific and sophisticated immunotherapies for
veterinary settings in order to surpass the lack of cross-species reactivity
to human immunotherapies, the limited characterization of the immune
system of these animals may also hinder recent efforts to develop novel
therapeutic tools, such as mAbs and CAR-T cells (chimeric antigen re-
ceptor T cells) (Hartley et al., 2018; Maekawa et al., 2017; Panjwani
et al., 2016). Above all, the canine immune system has not been deeply
studied and characterized compared to the human immune system. For
example, relatively little is known about lymphocyte subtypes and ex-
pression and regulation of their receptors, or about canine cytokines
that support their function. This also implies that there are no pre-
dictive tests to assess which patient may benefit from what type of
immunotherapy (Klingemann, 2018).

NHL are an heterogeneous group of lymphoproliferative malig-
nancies with variable patterns of behavior and responses to therapy.
NHL development and invasion depend on the dynamic and complex
interplay between tumor cells and non-neoplastic cells and on their
interaction with the surrounding stroma/matrix environment. Such
interactions are usually modulated by several cytokines (Grant and
Bollard, 2017; Malaponte et al., 2016). Immune dysregulation of the
host cytokine environment has been associated with lymphoma pa-
thogenesis in humans. In light of this, the evaluation of cytokine and
immune stimulatory molecules prior to lymphoma diagnosis has pro-
vided insights into the etiology of these cancers and has been exploited
as predictable biomarkers of increased risk of developing lymphoma in
patients with primary and acquired immune deficiencies (Chiu et al.,
2017; Purdue et al., 2013). Furthermore, changes in cytokine signaling
and regulation have also been correlated with disease presentation,
tumor progression, response to therapy and prognosis (Vaidya and
Witzig, 2014). By reflecting cytokine expression of nascent tumors cells
and/or reactive tumor-associated immune cells, these molecules have
also been regarded as potential early biomarkers of human lymphoma
(Vendrame and Martinez-Maza, 2011).

An impaired cellular immunity in dogs with lymphoma has been
evidenced by in vitro lymphocyte blastogenesis, survival of allogeneic
skin grafts, and response to tuberculin challenge exposure after sensi-
tization with Bacille Calmette Guérin (Calvert et al., 1982; Dutta et al.,
1978; Weiden et al., 1974). Furthermore, a dysfunction in humoral
response of dogs with lymphoma was also identified with suppressed
antibody responses to sheep red blood cells and to primary and sec-
ondary immunization with bacteriophage, being reported (Medleau
et al., 1983; Weiden et al., 1974). In fact, serum IgG concentration of
dogs diagnosed with lymphoma were significantly lower when com-
pared with healthy control dogs (Weiden et al., 1974). Moreover, auto-
immune diseases, such as immune-mediated thrombocytopenia, have
been also associated with a higher risk of developing lymphoma in
dogs, compared to a normal population (Keller, 1992). Nevertheless,
the role of the immune system in the pathogenesis of canine lymphoma
and its interactions with the surrounding microenvironment have not
yet been deeply investigated and few studies have addressed cytokine
dysfunction (Bryan, 2016; Calvalido et al., 2016).

Within this context, the present study aimed to gain better under-
standing of the systemic and intratumoral cytokine dysregulation/
dysfunction in canine lymphoma. Considering that high quality basic,
clinical and translational cancer research requires prompt access to
well-preserved biological samples, multiple samples were collected
from dogs diagnosed with lymphoma to establish a biobank. These
samples were used for the relative quantification of Th1/Th2/Th17
cytokine mRNA expression in paired tissue samples of affected lymph
nodes and circulating peripheral blood mononuclear cells (PBMC). Its
comparison with healthy control samples allowed assessing for the first
time cytokine mRNA profiles associated with multicentric canine lym-
phoma. Moreover, the comparison of putative cytokine serum quanti-
fication of dogs diagnosed with lymphoma with those of healthy control
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dogs complemented mRNA expression studies. Systemic immune status
evaluation included blood counts analysis and determined significant
differences compared to healthy controls. These results were further
correlated with serum cytokine levels. Finally, we evaluated whether
intratumoral and systemic cytokine levels might predict a favorable
survival outcome following CHOP protocol. Results demonstrated that
there was a positive correlation between intratumoral immune response
and prognosis.

2. Material and methods
2.1. Biological samples

2.1.1. Animals

Patients with canine multicentric lymphoma were followed at the
oncology unit of the Veterinary Medicine Faculty — University of Lisbon
(FMV/UL)’s -Teaching Hospital where clinical evaluations were con-
ducted. On a preliminary phase, with diagnostic and staging purposes, a
complete history, clinical signs and physical examination were as-
sessed. Complete blood count and biochemistry profile were performed,
as well as abdominal and thoracic imaging exams. Histopathological
evaluation of lymph nodes was performed after node biopsy. This his-
topathological evaluation included a morphologic examination, classi-
fication of Ilymphoma into grade subcategories and im-
munophenotyping to determine the immunophenotype present - B or T.
Immunohistochemistry markers included CD3, CD20, CD79acy and
PAX-5. This clinical and laboratory examination allowed staging the
dogs using the World Health Organization (WHO) system (Owen,
1980).

Inclusion criteria comprised dogs recently diagnosed with multi-
centric lymphoma by clinical examination and cytological examination
of lymph node fine-needle aspirate that have not yet begun therapy.
Exclusion criteria included dogs who have begun chemotherapy and
who have received steroids or other immunotherapeutic agent within
the last eight weeks of study enrollment or dogs who have become
severely ill.

2.1.2. Establishment of a canine multicentric lymphoma biobank

All sample collection was conducted with written pet owner consent
in accordance with the principles and procedures outlined in the NIH
Guide for the Care and Use of Animals and approved by the Animal
Care and Use Committee of FMV/UL. Blood samples allowed the iso-
lation of plasma and serum, as well as the extraction of DNA (DNeasy
Blood & Tissue, Qiagen, Hilden, Germany) and mRNA (RNeasy Protect
Animal Blood System, Qiagen), that were stored at -80 °C. Additionally,
PBMC were isolated by Ficoll gradient method (Biocoll Separating
Solution, BioChrom®, Fisher Scientific, New Hampshire, USA) and fol-
lowing cell viability assessment, aliquots of 5 X 10° cells were sus-
pended in 90% Fetal Bovine Serum (FBS) (Gibco, Life Technologies,
Paisley, UK) and 10% dimethyl sulfoxide (DMSO) (Sigma-Aldrich,
Missouri, USA) and kept in liquid nitrogen. Sterile biopsy lymph nodes
samples were divided, 1/3 was fined cut and stored at -80°C in
RNAlater® (Invitrogen, Life Technologies, Paisley, UK), 1/3 was for-
malin-fixed and 1/3 stored in liquid nitrogen after lymphoma cell iso-
lation. Briefly, solid tissue was cut, passed through a cell strainer (Cell
Strainer, BD Falcon®), suspended in Roswell Park Memorial
Institute-1640 (RPMI-1640) medium (Gibco) supplemented with 20%
FBS and penicillin 100 U/ml plus streptomycin 0.1 mg/ml (Gibco), and
isolated through Ficoll gradient method (Biocoll Separating Solution,
BioChrom®). Cell viability were assessed and for storage, aliquots of
5 x 10° cells were suspended in 90% FBS and 10% DMSO and kept in
liquid nitrogen. Clinical follow-up information about all cases was
gathered from electronic medical records. All dogs that participated in
this study were client-owned animals which joined the study during
their diagnostic assessment. All sampled animals stayed with their
owners after sample collection.
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2.1.3. Control groups

Whole blood samples were collected from 9 canine healthy donors
and processed for serum, plasma and PBMC isolation and storage, as
previously mentioned. All animals were submitted to clinical ex-
amination at FMV/UL’s-Teaching Hospital and their health status was
screened through the execution of hematological and biochemistry
profile and blood-borne parasites serology. Inclusion criteria included
dogs aged between two and seven years, with a normal clinical ex-
amination and normal blood parameters. Exclusion criteria comprised
dogs diagnosed with chronic diseases, such as heart disease, chronic
kidney disease, endocrine disease or cancer, or whom have fall acutely
ill and/or subjected to medications within the last 60 days. All sample
collection was conducted with written pet owner consent in accordance
with the principles and procedures outlined in the NIH Guide for the
Care and Use of Animals and approved by the Animal Care and Use
Committee of FMV/UL. All dogs that participated in this study were
client-owned animals which joined the study voluntarily. All sampled
animals stayed with their owners after sample collection. Due to ethical
concerns raised by the collection of lymph nodes from healthy animals
without medical indication, sterile biopsy lymph nodes samples were
collected from a healthy control group of 8 dogs housed at the animal
facility of Faculty of Veterinary Medicine - Universiteit Utrecht. All
sample collection was performed after donors were sacrificed by in-
travenous administration of 65mg/kg sodium pentobarbital. Lymph
node samples were fined cut and stored at -80 °C in RNAlater®.

2.2. Relative quantification of cytokine expression by real-time quantitative
polymerase chain reaction

For total RNA extraction, lymph node samples stored in RNAlater®
and PBMC samples were thawed and processed using RNeasy Mini Kit
(Qiagen), according to the manufacturer’s instruction. To eliminate
possible contaminant DNA, total RNA samples were subjected to DNAse
treatment, using RNase-free DNase Set (Promega; Wood Hollow road,
Madison, USA), following the manufacturer’s instructions. Thereafter,
cDNA was synthesized using Transcriptor High Fidelity (Roche, Basel,
Switzerland) following the manufacturer’s instructions and used as a
template for Real-Time quantitative Polymerase Chain Reaction (qRT-
PCR). Total RNA and cDNA purity were assessed by 1% agarose gel
electrophoresis. The primers used for each gene were published in the
literature and the respective authors and sequences are presented in
Table 1. Despite the DNAse treatment, and to preclude genomic DNA
amplification, primers covered putative exon—exon junctions. Optimi-
zation experiments for each amplification system were previously per-
formed (data not shown). All qPCR amplification efficiencies exceeded
90%. Primers were obtained from a commercial manufacturer (Meta-
bion International AG, Germany). The mRNA transcription of the Ri-
bosomal protein L27 gene (RPL27) had no significant statistical dif-
ferences (p > 0.05) regarding cNHL and control groups, therefore this
gene was considered a suitable housekeeping gene (Table 1). qRT-PCR
was performed in duplicate wells on StepOne Plus realtime analyzer
(Applied Biosystems, Foster City, CA, USA). The PCR assays comprised,
in each reaction, 2l of each primer (final concentration of 100 nM),
2l of cDNA (1ng), 4l of sterile water and 10 pul of SYBr (Applied
Biosystems, Warrington, UK) in a total volume of 20 ul per reaction.
Thermocycling conditions consisted of an initial denaturation of 10 min
at 95°C, followed by 40 cycles of amplification (95°C for 15s and
annealing at 60 °C for 1 min). A final melting curve stage consisted of
95 °C for 155, 60 °C for 1 min followed by a ramp rate and heating of
samples until 95 °C with a 0.3 °C/s ramp rate. The melting curves ob-
tained were used to verify the specificity of each amplicon and finally
PCR products were sequenced. Expression of target genes was nor-
malized against that of the housekeeping gene. The 2—“2°T method
was used as described by Perkin-Elmer Applied Biosystems to assess
relative mRNA expression quantification between lymphoma group and
control group experiments (Livak and Schmittgen, 2001).

Veterinary Immunology and Immunopathology 218 (2019) 109940

2.3. Multiplex cytokine immunoassay

Milliplex® MAP magnetic bead panel based on Luminex® xMAP®
technology (CCYTOMAG-90 K, Millipore GmbH, Am Kronberger Hang
5, 65824 Schwalbach/Ts., Germany) was used to measure the final
product from four different cytokines in canine serum: IL-2, IL-6, IL-10
and TNF-a. The cytokine panel selection was based on previous works
(Axiak-Bechtel et al., 2014; Calvalido et al., 2016) and on our cytokine
mRNA panel assortment. The method was performed according to the
manufacturer's instructions. All samples were analyzed in duplicates.
The data were analyzed using the Bio-Plex Manager 4.0 software (Bio-
Rad, Hercules, CA). The observed concentration of each analyte for
each sample was calculated using a standard curve generated from the
seven standards and a blank provided by the manufacturer. If a sample
concentration was extrapolated outside the standard curve and desig-
nated as “Value extrapolated beyond standard range” by the software,
that sample concentration was accepted as the calculated value (Levin
et al., 2014). The minimum detectable concentrations for the four cy-
tokines according to the manufacturer was 12.2 pg/ml. Significance of
differences of the mean value of each serum cytokine concentration
between cNHL group and control group was analyzed.

2.4. Statistical analysis

All the statistical analyses were carried out using R-software.
Normality test was performed using Shapiro-Wilk test. The distribution
of all cytokine concentrations and most clinical variables did not pass
the normality test and groups were therefore compared using the
Mann-Whitney U-test. Parameters that demonstrated normal distribu-
tion within both the lymphoma group and the control group were
analyzed with unpaired t-tests. Correlations of variables were evaluated
using Spearman rank correlation. To avoid treatment related bias,
survival correlation included animals submitted to CHOP protocol,
excluding three non-treated animals and one animal that is currently
alive. The significance level was set at 5%.

3. Results
3.1. Establishment of a canine multicentric lymphoma biobank

High quality clinical and basic cancer research, as well as the de-
velopment of novel prevention, early diagnostics and treatment ap-
proaches, relies on prompt access to biological samples. Tumor samples
are usually restricted to formalin-fixed paraffin-embedded tissues,
which cannot meet the requirement of current research. In fact, most
RNA and protein studies require samples to be cryopreserved. Thus, we
have been successfully constructing a canine multicentric lymphoma
biobank (Table 2). Canine lymphoma is an heterogeneous malignancy
with several presentation forms, however multicentric lymphoma is the
most diagnosed form (Ettinger, 2003), accounting for = 75% of the
cases. Considering its high prevalence, we focused on constructing a
naive multicentric canine lymphoma. Twenty-two dogs were included
in the multicentric lymphoma biobank consisting on thirteen males and
nine females with the median age of 9.1 + 3.4 years (range 3-17). The
breeds represented were mixed-breed, Labrador retriever and other
breeds. Eight male dogs were enrolled in the tissue sample control
group and nine dogs (four males and five females) were included in the
PBMC control group. The samples collected will be used for current
studies and are an important source for proposed and future research
works. There was no significant difference between the lymphoma
group and control group regarding age, sex, and weight (p > 0.05).
Based on staging evaluation, 45% (10/22) of the animals presented
clinical stage V and 55% (12/22) presented clinical stage IV. All cases
were classified into B and T cell subtypes as designated in the WHO
classification system. Results are presented in Table 2.
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Table 1
Detailed primers and conditions used for real-time PCR assays.

Gene Accession number Sequence (5’-3") Amplicon size (bp) Source

IL-13 NM_001037971 FW-GAAGAAGCCCTGCCCACA 104 Henriques et al. (2016) *
RV-AATTATCCGCATCTGTTTTGCAG

IL-2 NM_001003305 FW-TTGTCGCAAACAGTGCACCTA 131 Henriques et al. (2016) *
RV-CCTGGAGAGTTGGGGGTTCT

IL-4 NM_001003159 FW- CTCACCAGCACCTTTGTCCA 107 Henriques et al. (2016) *
RV- GTCAGCTCCATGCACGAGTC

IL-6 NM_001003301 FW-CTGGCAGGAGATTCCAAGGAT 167 Henriques et al. (2016) *
RV-TCTGCCAGTGCCTCTTTGC

IL-8 NM_001003200 FW-TTGCTCTCTTGGCAGCTTTTG 122 Henriques et al. (2016) *
RV-TTTGGGATGGAAAGGTGTGG

IL-10 NM_001003077 FW-ACATCAAGAACCACGTGAACTCC 177 Henriques et al. (2016) *
RV-ACTCACTCATGGCTTTGTAGACACC

IL-12p40 AF091134.1 FW-CAGCAGAGAGGGTCAGAGTGG 109 Peters et al. (2005)"
RV-ACGACCTCGATGGGTAGGC

IL-17A NM 001165878.1 FW-CACTCCTTCCGGCTAGAGAA 72 Schmitz et al. (2012)¢
RV-CACATGGCGAACAATAGGG

TNF-a NM_001003244 FW-CTGCCTCAGCCTCTTCTCCTT 133 Henriques et al. (2016) *
RV-CTGGGCAAGAGGGCTGATTA

TGF-f1 NM_001003309 FW-AGCCCGAGGCGGACTACTAC 130 Henriques et al. (2016) #
RV-CGGAGCTCTGATGTGTTGAAGA

IFN-y NM_001003174 FW-GCTGTAACTGTCAGGCCATGTTT 140 Henriques et al. (2016) *
RV-TGTTTTGTCACTCTCCTCTCTCCA

RPL27 NM_001003102 FW-TCGTCAACAAGGATGTCTTCAGAG 96 Henriques et al. (2016) *

RV-TCTTGCCAGTCTTGTACCTCTCCT

2 (Henriques et al., 2016).
b (Peters et al., 2005).
¢ (Schmitz et al., 2012).

3.2. Blood cell counts analysis

To assess the immune status of lymphoma diagnosed dogs and to
better understand the relationship between cytokine expression and
hematological parameters, comparison of red and white cell counts
between cNHL and control group was conducted. This analysis de-
monstrated that cNHL patients presented a significant lower he-
moglobin and hematocrit (p < 0.01) compared to the control group.
All anemias were classified as non-regenerative, normocytic and nor-
mochromic, compatible with anemia related to inflammatory/chronic
disease. Furthermore, cNHL group demonstrated a significant higher

Table 2

cNHL patient clinical characteristics and corresponding tissue and blood samples.

count of total leucocytes (p < 0.05) and monocytes (p < 0.05); and a
significant lower count of eosinophils (p < 0.01). There was no sig-
nificant difference in lymphocytes, neutrophils and platelets counts
between groups (Fig. 1).

3.3. Transcriptional profile of cytokines expression in Lymph nodes of cNHL
patients

To assess the immune changes of affected lymph nodes of cNHL
patients, relative quantification of cytokine expression by qRT-PCR was
performed. The analysis demonstrated a clear immune imbalance of

Patient (n = 22) Age (Years) Sex* Breed WHO Classification Tumor sample® PBMC sample®* Serum sample® CHOP protocol?
1 12 M Schnauzer DLBCL + + +

2 15 M Mixed-breed PTCL + + -
3 8 M Labrador DLBCL + + + +
4 12 M Golden Retriever Blastic NK Lymphoma + + + +
5 6 M Rottweiller DLBCL + + + +
6 6 F Basset Hound DLBCL + + + +
7 12 F Pitbull Follicular + + + +
8 12 F Husky DLBCL + - + -
9 M Mixed-breed DLBCL + + + +
10 11 F Mixed-breed DLBCL + + + +
11 9 F Boxer DLBCL + + + +
12 7 M Pointer DLBCL + + + +
13 17 F Mixed-breed DLBCL + + + +
14 3 F German Shepherd DLBCL + + + +
15 8 M Mixed-breed DLBCL + + + +
16 9 M Mixed-breed T Zone Lymphoma + + + +
17 4 M Golden Retriever DLBCL + + + +
18 8 M Beagle PTCL + + + +
19 5 M Labrador DLBCL + - + +
20 9 F Toy poodle DLBCL + - + +
21 11 F Dobermann DLBCL + + +
22 9 M Afghan hound DLBCL + + + +

*Sex M — Male, F — Female; PBMC - peripheral blood mononuclear cells; DLBCL - Diffuse Large B Cell Lymphoma; PTCL - Peripheral T Cell Lymphoma; NK — Natural
Killer; * + tumor sample, - no tumor sample; b 4 PBMC sample, no PBMC sample; ¢ + Serum sample, - no serum sample; d + submitted to CHOP protocol, - no CHOP

protocol.
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cytokine mRNA expression in naive c¢cNHL patients, compared to
healthy donor lymph nodes samples. As shown in Fig. 2, cNHL pre-
sented a tendency of upregulation of IL1-f, IL-6, IL-8, IL-17A, TNF-a,
transforming growth factor-f3 (TGF-B) and IFN-y and a trend of down-
regulation of IL-2, IL-4, IL-10 and interleukin-12 subunit p40 (IL-
12p40). The downregulation of the mRNA expression of IL-2, IL-4, IL-10
and IL-12p40 was statistically significant (p < 0.05). There were no
significant correlations between cytokine mRNA expression in the cNHL
patients lymph nodes with clinical characteristics and blood counts.

3.4. Transcriptional profile of cytokines expression in circulating PBMC of
c¢NHL patients

In order to evaluate possible differences in the transcriptomic pro-
file of cytokine expression in circulating PBMC of cNHL patients and
healthy donors, a relative quantification of cytokine mRNA expression
by qRT-PCR was carried out. As shown in Fig. 3, this experiment de-
monstrated a distinct profile of cytokine expression compared with the
former lymph node analysis, revealing a trend of upregulation of IL1-f3,
IL-8, IL-10 and IL-12p40 and a trend of downregulation of IL-17A, TNF-
a and TGF-f. Importantly, the downregulation of IL-17A, TNF-a and

TGF- was statistically significant (p < 0.05). Again, a low cytokine
expression profile was detected. Moreover, the residual expression le-
vels of IL-6, IL-4 and IFN-y did not allow the subsequent analysis and
comparison between circulating PBMC mRNA expression between
cNHL and control/healthy groups. No significant correlation between
cytokine mRNA expression in the circulating PBMC of cNHL patients
with clinical characteristics and blood counts were found. Finally, no
significant correlation between cytokine mRNA expression between
c¢NHL lymph node and circulating PBMC was displayed.

3.5. Serum cytokine levels in cNHL patients

Cytokines protein concentrations in sera collected from c¢cNHL bio-
bank dogs were analyzed by the selected canine cytokine multiplex
panel and compared to those from the healthy donor group. The cy-
tokine panel selection was based on previous works (Axiak-Bechtel
et al., 2014; Calvalido et al., 2016) and on our cytokine mRNA panel
assortment. All samples presented low detectable values of IL-2, IL-6,
IL-10 and TNF-a. The comparison of cytokine levels demonstrated that
IL-10 concentrations in cNHL dogs were significantly higher compared
to healthy donor samples (p < 0.05). No significant differences
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between sera concentration of IL-2, IL-6 and TNF-a of ¢cNHL and control
groups were found (Fig. 4). No significant correlation between cytokine
mRNA expression in the lymph node or the circulating PBMC of cNHL
patients with cytokine sera concentration were detected. Regarding
correlation of cytokine sera concentration with hematological para-
meters and clinical characteristics, a positive correlation of IL-6 sera
levels with neutrophil counts (p = 0.013; rho = 0.546) was found.

3.6. Correlation of cytokine expression and patient survival

To investigate whether pretreatment cytokine expression in in-
tratumoral and systemic samples could predict whether patients would
respond favorably to CHOP protocol, correlation analysis with survival
clinical outcome was performed. This study demonstrated that IFN-y
level was positively correlated with patient survival following che-
motherapy (p = 0.044). This correlation was considered moderate
(rho = 0.481) (Fig. 5).

4. Discussion
To the best of our knowledge, this is the first study addressing in-

tratumoral cytokine dysregulation in lymphoma-bearing dogs, along
with systemic cytokine dysfunction. To date, a limited number of other
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Fig. 5. Correlation of IFN-y mRNA expression and survival clinical outcome in
cNHL tissue samples. Results are presented as Spearman rank test correlating
survival days and CT values normalized to housekeeping gene RPL27.

studies have explored the immune status of dogs diagnosed with lym-
phoma, particularly cytokine expression (Axiak-Bechtel et al., 2014;
Calvalido et al., 2016). On one hand, Axiak-Bechtel and collaborators
recently reported for the first time an imbalance in both pro- and anti-
inflammatory cytokine production, however their work focused mainly
on the chemotherapy induced remission effects on the immune re-
sponse of dogs diagnosed with lymphoma as a risk factor for sepsis
(Axiak-Bechtel et al., 2014). On the other hand, Calvalido and colla-
borators investigated circulating cytokines in lymphoma-bearing dogs
as potential disease biomarkers (Calvalido et al., 2016). Even though
these studies represented groundbreaking research about canine lym-
phoma immunity, many challenges remain. This is particularly true at a
time when canine lymphoma model is being proposed as a powerful
platform for rapid and clinically relevant translation of novel high
impact immune therapies and immune combination therapies.
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Within this context, in the present study we aimed to investigate
cytokine regulation in canine lymphoma. For this purpose, cytokine
gene expression was evaluated in tumor samples and circulating
PBMCs, and serum concentration of putative cytokines was measured
using multiplex assay.

Cytokines are molecular messengers that mediate immune inter-
cellular communication to generate a coordinated, robust and rapid
immune response to a target antigen (Lee and Margolin, 2011). In tu-
morigenesis, theoretically these cytokines directly promote immune
effector and stromal cells at the tumor site and stimulate tumor cell
recognition by cytotoxic effector cells (Anestakis et al., 2015). How-
ever, there is growing evidence that cytokine signaling in many tumors
reveal an immune suppressive or anti-inflammatory function, being
involved in tumor immunosurveillance evasion (Esquivel-Velazquez
et al., 2015; Israelsson et al., 2017; Mager et al., 2016). As a result, the
investigation of cytokine role in tumor-driven molecular mechanisms
might provide opportunities to explore novel therapeutic approaches.

Cytokine research can rely on measuring serum concentration of
biologically active cytokines or by assessing their expression in the af-
fected organs or in circulating leukocytes (Maissen-Villiger et al.,
2016). In this study, we chose to focus on the measurement of cytokine
mRNA expression levels using qRT-PCR. The primary reason for that
was the limited availability of validated canine assays that hampers the
range of cytokines that can be evaluated (Maissen-Villiger et al., 2016).
In addition, the high specificity, sensitivity and stability of quantitative
evaluation of cytokine expression by real-time PCR method enables the
analysis of samples with very low mRNA expression and can be a va-
luable tool to establish disease-related cytokine profiles (Giulietti et al.,
2001). The expression of mRNA does not necessarily reflect the real
cytokine concentration but, being the result of the upstream path of
activation leading to gene expression, it offers valuable insights into
cytokine regulation pathways (Gygi et al., 1999). Furthermore, al-
though the protein quantification provides a more predictive insight of
its effect, it does neither evaluate its biological activity at the tissue
level nor the effect of potential inhibitors (Cavaillon et al., 1992). As a
result, our work aimed to fill in the gap in lymphoma cytokine mRNA
profile research considering that previous studies focused only on
measuring serum cytokine concentrations. Our study also included a
protein-based assay to complement cytokine gene expression studies
and to allow correlation with previously published work.

In this study, we assessed the mRNA profile of 11 cytokines in tissue
samples of canine lymphoma affected lymph nodes compared to the
mRNA profile of normal lymph nodes from healthy control dogs. Our
results demonstrated a dysregulation of cytokine expression, re-
presentative of the tumor microenvironment in canine lymphoma.
Notably, key mediators of Th2 response, including IL-4 and IL-10 ex-
pression were significantly downregulated in the lymph node of dogs
with canine lymphoma. Furthermore, IL-12 - required for Thl-cell
differentiation and IL-2 - principal growth factor for T cells, were also
significantly downregulated, indicating a component of im-
munosuppression in cancer microenvironment (Setrerrahmane and Xu,
2017).

Although not statistically significant, there was a prominent ten-
dency to the upregulation of IL1-, IL-6, IL-8, and TNF-a, cytokines that
mediate inflammatory response. Moreover, we found a trend of upre-
gulation of IL-17A expression, another proinflamatory cytokine, asso-
ciated with tumor cell proliferation and neoangiogenesis in hNHL
(Ferretti et al., 2015). Finally, IFN-y expression, the main cytokine
implicated in cell-mediated immunity primarily through its effects on
the monocyte/macrophage population, also shown a tendency of up-
regulated expression in canine lymphoma. These results suggest that
some dogs diagnosed with ¢cNHL may present a higher inflammatory
response, however this response was found to be heterogeneous and
therefore not statistically significant.

The downregulation of both Th2 and Thl cytokine responses in
cNHL is in line with the postulated hypothesis that the
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immunosuppressive nature of the tumor microenvironment is proving
to be a major barrier for the treatment of B cell malignancies in human
medicine (Nicholas et al., 2016).

Nevertheless, in the case of human NHL, the contribution of the
tumor microenvironment to the pathogenesis and tumor survival re-
mains poorly understood (Fowler et al., 2016). Moreover, cytokine
expression was considered scarce and consequently it was never fully
investigated, existing a lack of studies that evaluated mRNA cytokine
expression in human NHL (Herreros et al., 2008; Hsu et al., 1993; Jones
et al., 2002).

Herein, we described for the first time a distinct systemic cytokine
mRNA profile expressed by circulating PBMC. However, similarly to the
immune response observed in tumor microenvironment, in the circu-
lating PBMC a major immunosuppressive component of the immune
response prevailed, with a significant downregulation of IL-17A, TNF-a
and TGF-f. The expression of IL-6, IL-4 and IFN-y were undetectable in
both groups, making the results for this cytokine negligible by this
method. The significant downregulation of IL-17A documented herein
is consistent with previous studies that report a significant decrease of
Th17 cells in the PBMC of patients with NHL and B-cell NHL and a
remarkably decreased IL-17AF plasma levels in B-NHL patients (Lu
et al., 2016). Furthermore, although not statistically significant, IL-
12p40 and IL-10 expression demonstrated a tendency to upregulation.

In addition, we reported a significant increase of IL-10 serum levels
in canine lymphoma patients. IL-10 is an immunosuppressive cytokine
produced by many different cells of the immune system, including T
and B lymphocytes, macrophages, monocytes, dendritic cells, and NK
cells (Purdue et al., 2007) but can also be produced by neoplastic B
lymphocytes (Mocellin et al., 2005; Purdue et al., 2007). By suppressing
antigen presenting cells, IL-10 enables tumor cells to escape immune
system (Xiu et al., 2015). Moreover, IL-10 may promote the upregula-
tion of bcl-2 expression, contributing for the protection of malignant
cells from apoptosis (Blay et al., 1993). Elevated IL-10 levels have been
found in patients with NHL and were associated with poor prognosis
(Blay et al., 1993; Lech-Maranda et al., n.d.). These results are in line
with previous studies that also demonstrated an elevated IL-10 serum
level and an increased IL-10 production by circulating PMBC following
peptidoglycan stimulation in canine lymphoma patients (Axiak-Bechtel
et al., 2014; Calvalido et al., 2016). There were no significant differ-
ences between IL-6, TNF-a and IL-2 serum levels of canine lymphoma
and control group. Calvalido and collaborators reported a IL-6 serum
elevation only in T-cell lymphoma group (Calvalido et al., 2016).
Considering that our studied lymphoma group is composed mainly by
B-cell lymphoma cases, these findings are consistent with previously
published data. In addition, the hypothesis of a systemic im-
munosuppression in canine lymphoma patients is supported by pre-
vious work that had observed a significant depression of CD4+ and
CD8+ T-cell numbers before initiation of chemotherapy (Walter et al.,
2006).

Remarkably, a moderate positive correlation between IFN-y mRNA
expression in lymphoma affected lymph node and survival following
CHOP protocol treatment, was found. These results indicate that the
promotion of an effective Thl response may benefit cNHL patients,
supporting the rationale for the use of immunotherapies that stimulate
an effector T cell response.

Considering the close relationship between cytokines and peripheral
blood cells, we carried out a comparison between red and white blood
cell counts of cNHL patient and control group. Similar to previous
studies, our results demonstrated a significant higher count of leuco-
cytes and monocytes in ¢cNHL patients (Calvalido et al., 2016; Perry
et al., 2011). Furthermore, our data revealed a significant lower eosi-
nophil count, as well as a lower hemoglobin and hematocrit, compa-
tible with a non-regenerative normochromic anemia. In fact, anemia is
a well-known hematological finding in cNHL, being associated with
poor prognosis (Calvalido et al., 2016; Madewell and Feldman, 1980).
Moreover, a positive correlation between neutrophil count and IL-6



J.N.R. Dias, et al.

serum level was found in our cNHL patients. IL-6 regulates neutrophil
trafficking during the inflammatory response by orchestrating chemo-
kine production and leukocyte apoptosis. As such, this finding de-
monstrates that IL-6 might be involved in the inflammatory response in
cNHL (Fielding et al., 2008). In fact, in humans IL-6 has been associated
with paraneoplastic inflammatory syndrome symptoms, such as weight
loss, night sweats and fever (Burger, 2013).

A major strength of this investigation was the careful criteria se-
lection that allowed to include well-characterized naive canine multi-
centric lymphoma cases in the lymphoma group and healthy donors in
the control group. Indeed, the successful construction of multicentric
cNHL biobank was a major output of this work. Maintaining the con-
struction of this biobank will ensure the availability of multiple,
properly preserved samples for future research studies. Furthermore,
simultaneous analyses were done with paired tissue and corresponding
PBMC samples thus opening a possibility to compare the cytokine
mRNA expression at the local and systemic level. Furthermore, our own
long-term experience and access to a well-established qRT-PCR assay
allowed a parallel measurement of mRNA expression for a broad panel
of cytokines that cover Th cytokine profiles of major interest. However,
this study also presented several limitations such as the limited number
of patients included and the heterogeneity of the lymphoma diagnosed
cases. In the future, it will be important to include larger study groups
categorized accordingly to cNHL subtypes. This is particularly true in
the case of the inflammatory cytokines expression, considering that the
high individual heterogenicity may have prevented to attain statistical
significance and a larger number of patients might have contributed for
the better understanding of these cytokines mRNA profile in cNHL.
Lastly, a major drawback of this work was the inability to perform
multiplex immunoassay on tumors extract due to kit specifications.

5. Conclusions

Taken together, these results suggest that similarly to its human
counterpart, cNHL reveals a local and systemic dysregulation in cyto-
kine response. In fact, an immunosuppressive cytokine dysfunction
appears to be a constitutive component of the immune status of cNHL.
By confirming and extending previous investigations, our work con-
tributed for the evaluation of potential cytokine candidates for diag-
nostic and prognostic purposes and therapeutic intervention by cyto-
kine inhibition and/or immunomodulatory strategies. Nevertheless,
future studies using larger cohorts are needed to elucidate in detail the
role of cytokines in the establishment and disease progression of cNHL.
Importantly, Axiak-Bechtel and collaborators reported that che-
motherapy protocols appeared to fail to restore immune response in
cNHL (Axiak-Bechtel et al., 2014). Although these results must be
confirmed, it could indicate that harnessing the immune system with
immunotherapeutic approaches might be the long-waited solution to
improve the prognosis of ¢cNHL.

In conclusion, this work contributes for the better understanding of
cNHL immune status, essential for the establishment of this animal
model as a predictive preclinical surrogate for human NHL, mutually
benefiting these uniquely co-dependent species and opening up per-
spectives in comparative oncology.
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