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Abstract

Background/Aim: The soluble interleukin-2 receptor (sIL-2R) serve as a valuable

biomarker for tumors in human patients, as its levels increase during the activation of

T lymphocytes in clinical states such as inflammation, infection, and tumor. This study

aimed to demonstrate that sIL-2R levels can be also elevated in dogs with tumors and

evaluate its applicability as adiagnostic andprognostic factor in canine cancer patients.

Patients andMethods:Serumwas collected from6healthydogs and34dogswith solid

tumors. The concentration of sIL-2R was measured using a commercial enzyme-linked

immunosorbent assay kit.

Results: The median sIL-2R concentration was significantly higher in dogs with solid

masses than in healthy dogs (117.3 vs 68.33 pg/ml, p = 0.016). The highest median

sIL-2R concentration was found in dogs with malignant tumors, followed by those

with benign tumors, and healthy dogs (119.6 vs 93.74 vs 68.33 pg/ml, respectively). In

dogs with malignant tumors, the mortality rate was significantly higher in the group

with high sIL-2R levels than in the group with low sIL-2R levels. Dogs with solid

tumors, particularly those with malignant tumors, had higher concentrations of sIL-2R

than healthy dogs. Among dogs with malignant tumors, a correlation between sIL-2R

concentration andmortality rate was confirmed.

Conclusion: Serum sIL-2R levels may be used to detect malignant tumors and serve as

a prognostic factor in dogs withmalignant tumors.
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1 INTRODUCTION

Cancer is a leading cause of death in companion animals. In the United

States, more than 165 million companion animals are diagnosed with

cancer annually, and at least 4million dogs and cats each are diagnosed

with cancer annually (Withrowet al., 2013).Many spontaneous tumour

HyunNamKung and Su-Min Park are co-first authors and contributed equally.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2024 The Author(s). Veterinary Medicine and Science published by JohnWiley & Sons Ltd.

types are found in companion animals, including mammary tumours,

osteosarcoma, hemangiosarcoma, lung cancer, skin cancer, prostate

cancer and gastrointestinal cancers (Pinho et al., 2012).

In veterinary medicine, it is difficult to diagnose cancer at an early

stage; performing a biopsy, even after the cancer is detected, is chal-

lenging because of the cost and risk associated with anaesthesia.

Therefore, biomarkers identified in the blood, urine and other body

fluids of veterinary cancer patients will play an important role in
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tumour diagnosis, staging, prognosis and treatment-response moni-

toring (Brawley & Kramer, 2005; Colombe et al., 2022). In addition,

as it is difficult to elicit symptoms directly in animals, the detec-

tion of asymptomatic cancer using biomarkers has the potential to

improvemorbidity and reduce cancer-relatedmortality in animalswith

advanced disease (Henry, 2010).

Interluekin-2 (IL-2) plays an important role in generating and regu-

lating the immune response (DA et al., 1976). IL-2 binds to a specific

plasma membrane receptor, interleukin-2 receptor (IL-2R), on newly

synthesizedT lymphocytes (Morris&Waldmann, 2000), and comprises

three components: the alpha, beta and gamma chains (Murakami,

2004). A portion of the alpha chain of IL-2R is released from the affin-

ity membrane receptor and detected in the bloodstream as serum

soluble IL-2R (sIL-2R) (Murakami, 2004). In human medicine, sIL-2R

concentration is known to be elevated in patients with most types of

lymphoid neoplasms (Goto et al., 2005); solid tumours and reactive

conditions (Lissoni et al., 1990), such as severe inflammation, infections

and immune-mediated diseases (Correia et al., 2002; Heaney & Golde,

1998; Tartour et al., 2001; Witkowska, 2005). In particular, the blood

level of sIL-2R is elevated in almost all types of solid cancers, including

digestive tract (Murakami et al., 2002; Wang et al., 2000), reproduc-

tive system (Gebauer et al., 1999; Klein et al., 1995), endocrine system

(Mariotti et al., 1994), lung (Yano et al., 1996) and head and neck

tumours (Murakami, 2004; Tartour et al., 1997).

The goal of this study was to identify serum factors that are sig-

nificantly elevated in veterinary patients with solid tumours, which

could be used for diagnosis, prognosis and eventually as markers of

treatment response.

2 MATERIALS AND METHODS

2.1 Patient selection and diagnosis

Serum and plasma samples were collected from 6 healthy dogs and 34

dogs with solid tumours. The healthy group comprised five dogs that

visitedour animal hospital as blooddonors andonedog thatunderwent

a medical examination. Physical, blood and urine examinations were

conducted in all six dogs and the results were normal, with no under-

lying diseases ormedications being taken. The tumour group consisted

of 34 dogs diagnosed with various types of solid tumours. The diagno-

sis of solid tumours was based on clinical signs, physical examination,

blood examination and imaging (radiography and ultrasonography); 19

dogs had tumours confirmed by histological examination, 8 dogs had

tumours confirmed by cytology through find needle aspiration (FNA),

and 4 dogs had tumours confirmed by the BRAF test. Seven of the eight

dogs that underwent fine needle aspiration (FNA) testing were exam-

ined by a pathologist who examined the cell morphology and assessed

the degree of malignancy to make a diagnosis. The remaining one was

diagnosed by a local animal hospital that sent the FNA sample to other

pathologist. These confirmatory tests classified6dogs ashavingbenign

tumours and 25 dogs as having malignant tumours. In the remaining

three dogs, the type of tumour could not be confirmed because of

limited access owing to the location of the tumour or restricted exami-

nation upon the owner’s request. However, a presumptive diagnosis of

high malignancy was made based on clinical symptoms, imaging and a

short median survival time (MST), and these dogs were included in the

malignant tumour group.

2.2 Serum or plasma sample collection

Serum and plasma samples were collected with the owner’s consent

at our animal hospital from 2022 to 2023. Serum or plasma was col-

lected from the jugular or cephalic vein using a 5-mL serum separating

tube (Vacutainers SST tube, Becton Dickinson) and heparin tube (Hep-

arin tube 0.5 mL, FUJIFILM), respectively. The tubes were centrifuged

at 4000 rpm for 2–3min, and the serumor plasmawas stored at−70◦C
until use.

2.3 Enzyme-linked immunosorbent assay (sIL-2R)

The sIL-2R concentration was measured using a canine-specific com-

mercial enzyme-linked immunosorbent assay kit (MyBioSource Inc.;

Cat# MBS011881), according to the manufacturer’s protocol. Briefly,

the serum and plasma samples and standard solutions were incu-

bated at 37◦Cwith biotin antibody and horseradish peroxidase–avidin.

Tetramethylbenzidine substrate was added, and the mixture was

incubated at 37◦C for 30 min. The optical density was measured

at 450 nm using an Epoch microplate spectrophotometer (BioTek

Instruments), and the sIL-2R protein concentration was estimated by

back-calculation according to the standard curve.

2.4 Statistical analysis

The Mann–Whitney U test was used to compare the difference in the

concentration of sIL-2R between the control and solid tumour groups

and the difference in death and survival in themalignant tumour group.

The Kruskal–Wallis test was used to compare the control, benign

and malignant tumour groups. The survival percentages of dogs with

high and low sIL-2R concentrationswere analysed usingKaplan–Meier

curves. The correlation between sIL-2R and survival timewas analysed

using the Pearson R-test and the p values and correlation coefficients

were calculated. A p value<0.05 indicated a statistically significant dif-

ference. All statistical analyses were conducted using GraphPad Prism

software (version 9.3.1; GraphPad Inc.).

3 RESULTS

3.1 Patient selection

The results for the healthy and tumour groups are presented in Table 1.

This experiment involved 34 dogs with solid tumours and 6 healthy
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TABLE 1 Signalment and characteristics of 34 dogs with solid tumour and 6 control dogs.

Type of tumour Number

Age (years)

(median, range) Sex

Bodyweight (kg)

(median, range) Breed

Malignant tumour

Apocrin gland adenocarcinoma 1 5 MC 22.6 Siberian husky

Buccal osteosarcoma 1 14 MC 11.65 Schnauzers

Cardiac tumoura 1 15 MC 3.36 Schnauzers

Carotid body tumour 1 10 FS 5.28 Poodle

Cholangiocarcinoma 1 13 MC 4.67 Mixed

Hepatic hemangiosarcoma 2 10.5 (10–11) MC (2) 12.25 (11.3–13.2) Spitz (2)

Hepatocellular carcinoma 2 13 (12–14) MC (1), FS

(1)

3.06 (2.34–3.79) Maltese (1), Yorkshire terrier

(1)

Intestinal adenocarcinoma 1 10 MC 4.98 Cocker spaniel

Mammary gland adenocarcinoma 1 11 FS 9.08 Schnauzers

Mast cell tumour 2 10.5 (10–11) FS (2) 4.06 (4.03–4.09) Poodle (1), Maltese (1)

Melanoma 2 13.5 (11–16) MC (1), FS

(1)

14.17 (3.94–24.2) Labrador retriever (1),

Yorkshire terrier (1)

Nasal tumoura 1 12 FS 3.98 Mixed

Parathyroid carcinoma 2 12.5 (11–14) MC (2) 9.33 (3.86–14.8) Maltese (1), Beagle (1)

Prostatic carcinoma 2 14 (11–17) MC (2) 4.86 (3.72–6) Poodle (1), Maltese (1)

Prostatic tumoura 1 17 MC 5.18 Pekingese

Pulmonary carcinoma 1 7 FS 11.7 Cocker spaniel

Renal cell carcinoma 1 10 MC 3.67 Maltese

Splenic hemangiosarcoma 2 8.5 (8–9) MC (1), FS

(1)

39.85 (27.2–52) Standard poodle (1), Labrador

retriever (1)

Subcutaneous hemangiosarcoma 1 12 FS 8.16 Maltese

Urinary bladder transitional cell

carcinoma

2 13 (12–14) FS (2) 4.07 (3.2–4.95) Chihuahua (1), Maltese (1)

Benign tumour

Gastric adenoma 1 14 MC 3.1 Maltese

Gastric leiomyoma 1 11 FS 2.76 Maltese

Hepatocellular adenoma 1 13 FS 2.75 Maltese

Mammary gland adenoma 1 7 F 2.3 Yorkshire terrier

Thyroid adenoma 1 11 MC 9.9 French bulldog

Urinary bladder polyp 1 13 FS 2.61 Maltese

Healthy 6 4.5 (2–10) MC (4), FS

(2)

27.7 (4–35.2) Labrador retriever (1), Golden

retriever (1), Maltese (1),

Doberman (1), Pit bull terrier

(1), Kane corso (1)

aThis dogs were tentatively diagnosed tomalignant tumour because of their clinical signs and imaging examination seenmalignancy and their shortMST.

dogs. In the solid tumour group, 28dogshadmalignant tumours, includ-

ing 3 dogs with provisional diagnoses in whom a definitive diagnostic

test was not conducted; the remaining 6 had benign tumours. The

median ages of the dogs in the malignant and benign groups were 11

years (mean, 11.6 years; range, 5–17 years) and 12 years (mean, 11.5

years; range, 7–14 years), respectively. In the malignant group, there

were 17 (60.7%) female spayed dogs and 11 (39.3%) male castrated

dogs, and in the benign group, there were 3 (50%) female spayed dogs,

2 (33.3%) male castrated dogs and 1 (16.6%) intact female dog. Among

the 25 dogs with a definitive diagnosis in the malignant tumour group,

14 (56%) were diagnosed with carcinoma, 6 (24%) with sarcoma and

5 (20%) with other types (mast cell tumour, n = 2; melanoma, n = 2

and carotid body tumour, n = 1). Among the three dogs with only pro-

visional diagnoses included in the malignant tumour group, the first

dog had a cardiac tumour in the right atrium, developed a persistent

hemorrhagic pleural effusion that required continuous thoracentesis

and blood transfusions, had a suspected cardiac hemangiosarcoma and

died 56 days after the diagnosis; the second dog had a suspected nasal
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F IGURE 1 Soluble interluekin-2 receptor (sIL-2R) concentration
in control dogs and dogs with solid masses. The sIL-2R concentration
was significantly higher in dogs with solid masses than in the control
group (median concentration, 117.3 vs. 68.33 pg/mL, p= 0.016).

adenocarcinoma, developed hypercalcaemia and died 65 days after the

diagnosis; and the last dog had suspected prostate tumour on ultra-

sound, was confirmed to have severe anaemia with haematuria and

died 27 days after the diagnosis.

3.2 Concentration of sIL-2R in control and dogs
with solid tumour

The sIL-2R concentration was 77.63 (62.3–119.6) pg/mL in 6 healthy

dogs and 150.55 (64.3–575.94) pg/mL in 34 dogs with solid tumours.

There was a significant difference between the control and solid

tumour groups, with a p value 0.016 (Figure 1).

3.3 Elevation sIL-2R in malignant tumour dogs
compared to benign tumour

Within the solid tumour group, the sIL-2R concentration of the 28 dogs

with malignant tumours was 159.4 (64.3–575.95) pg/mL and that in

dogs with benign tumours was 93.74 (64.3–158.42) pg/mL, showing a

numerical difference but no statistical significance. In contrast, the sIL-

2R concentrations in themalignant tumour and control groups showed

a statistically significant difference, with a p value of 0.045. The sIL-2R

concentrations in the benign tumour and the control groups showed a

numerical difference, but no statistical significance (Figure 2).

3.4 Analysis of correlation of sIL-2R and survival
time

To divide high and low sIL-2R concentration groups in dogs with

malignant tumours, 114 pg/mL, which is the upper limit of the 95%

confidence interval for the control group, was used as the cut-off

F IGURE 2 Difference in soluble interluekin-2 receptor (sIL-2R)
concentrations in benign andmalignant tumours in dogs.When the
solid tumour groupwas classified intomalignant and benign, therewas
a significant difference in the sIL-2R concentration between the
malignant tumour and the control groups (median concentration,
119.6 vs. 68.33 pg/mL, p= 0.045). Although not statistically
significant, themalignant tumour group had the highest median
concentration, followed by the benign tumour group and control
group (119.6 vs. 93.74 vs. 68.33 pg/mL).

F IGURE 3 When the dogs withmalignant tumours were divided
into high and low soluble interluekin-2 receptor (sIL-2R)
concentration subgroups based on a cut-off value of 114 pg/mL,
Kaplan–Meier survival plots for dogs withmalignant tumours showed
that the overall survival at 300 days was 80% (8/10) in dogs with low
serum sIL-2R concentrations; survival decreased to 16.6% (3/15) in
patients with high serum sIL-2R concentrations (114 pg/mLwas
selected as the cut-off value of sIL-2R because it corresponded to the
upper limit of the 95% confidence interval of the control group).

value.When dogs in themalignant tumour groupwere divided into low

and high sIL-2R concentration subgroups based on a cut-off value of

114 pg/mL, there were 18 dogs in the high sIL-2R subgroup and 10

dogs in the low sIL-2R subgroup. Dogs with higher serum sIL-2R levels

had shorter survival times (Figure 3). The overall survival at 300 days

was 80% (8/10) in dogs with low serum sIL-2R concentrations; the sur-

vival rate decreased to 16.6% (3/18) in dogs with high serum sIL-2R

concentrations; and the MST for the 15 deaths of high serum sIL-2R

concentration groupwas 43 days.
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F IGURE 4 The correlation analysis between soluble interluekin-2
receptor (sIL-2R) and days after in malignant tumour dogs
(r=−0.3741, goodness-of-fit R2 = 0.1400, p= 0.0498).

Of the 17 malignant tumour dogs that died, 11 died in the hospi-

tal or were reported dead by their owners, but 6 were presumed dead

because they did not return to the hospital afterwards. Of the 11 dogs

that certainly died, 10 died of tumour complications and1died at home

with the cause of death unknown. The survival time for the six pre-

sumed deceased dogs was calculated by extrapolating from the date of

sample collection to the date of no follow-upmonitoring.

Moreover, a significant correlation (p = 0.0498) was observed

between sIL-2R concentration and survival time, with a correla-

tion coefficient (r) of −0.3741; the goodness-of-fit (R2) was 0.1400

(Figure 4).

4 DISCUSSION

In humanmedicine, serumsIL-2R levels reflect the total numberof acti-

vated T lymphocytes present in cancerous tissue or in organs to which

the cancer has metastasized (Bien & Balcerska, 2008). As a result,

elevated serum sIL-2R levels are commonly observed in most malig-

nant tumours compared to the levels in normal controls (Nakase et al.,

2005; Orditura et al., 1998). Many studies have used this parameter

not only for diagnosis but also for assessing disease stage and mon-

itoring disease progression during post-treatment follow-up (Tartour

et al., 2001). However, in veterinary medicine, there is little research

on the relationship between sIL-2R and tumours. As sIL-2R reflects the

activity of T lymphocytes, there are some studies on using sIL-2R for

the diagnosis or prognosis of tumours of the haematopoietic system,

such as lymphoma (Im et al., 2023; Mizutani et al., 2020). However,

there is only one study on solid tumours where sIL-2R concentrations

correlated with amast cell tumour in dogs (Meyer et al., 2013).

In this study, sIL-2R levels were significantly higher in the solid

tumour group than in the control group. In addition, when compar-

ing the concentration of sIL-2R in the malignant and benign tumour

groupswithin the solid tumour group, themalignant tumour group had

a significantly higher concentration, whereas the benign tumour group

and the normal group did not show a significant difference. Therefore,

theremaybe an associationbetween themalignancyof the tumour and

concentration of sIL-2R. Thus, it may be possible to use sIL-2R con-

centrations for the diagnosis of tumours in dogs as well as humans.

Furthermore, sIL-2R levels can also be used to diagnose malignancy

in cases where a solid tumour is identified by physical examination or

imaging and advanced tests such as cytology or histopathology are dif-

ficult. However, there was no significant difference according to the

type of malignancy whether sarcoma or carcinoma (Figure S2) and

further research is required.

In addition, when patients with malignant tumours were classified

into low and high sIL-2R concentration subgroups with a cut-off value

of 114 pg/mL, the mortality rate was significantly higher in the high

sIL-2R concentration subgroup. In the subgroup with high sIL-2R con-

centrations, 15 of the 18 dogs died and their MST was only 43 days. In

contrast, in the subgroup with low sIL-2R concentrations, 8 of the 10

dogs survived, indicating that even in dogs with the same malignancy,

the prognosis varies depending on the sIL-2R concentration. There-

fore, there was a clear correlation between the sIL-2R concentration

and prognosis, confirming that the sIL-2R concentration can be used as

a prognostic factor.

In one patient, serial measurements showed that sIL-2R concen-

trations increased as the dog approached the date of death. A dog

was diagnosed with hepatic hemangiosarcoma, and its survival time

was 178 days after the diagnosis; sIL-2R concentrations were mea-

sured on days 80 and 171 after the diagnosis and were confirmed to

be 132.1 and 216.4 pg/mL, respectively, with higher sIL-2R concen-

trations closer to the date of death. When the first sIL-2R level was

measured, the dog received chemotherapy with alternating doses of

doxorubicin and carboplatin every 3 weeks. Subsequently, the dog’s

condition deteriorated; chemotherapy was discontinued on day 118

after the diagnosis; and a second sIL-2R concentration was measured

a week before death, at which time she was not receiving chemother-

apy (Figure S1). Althoughmore cases need to be studied, we confirmed

the possibility of using sIL-2R as a prognostic factor for response to

chemotherapy in one dog.

There are many studies on the increased concentration of sIL-2R

in malignant tumours, but the underlying biological mechanism of

increased sIL-2R levels in serum and other body fluids is not clearly

defined (Bien&Balcerska, 2008; Rimoldi et al., 1993). In solid tumours,

the mechanism of elevated sIL-2R is known to be more complex

than in haematopoietic tumours (Bien & Balcerska, 2008). There are

hypotheses that propose an increase in IL-2R expression due to the

proliferation of activated normal lymphocytes in response to tumour

growth (Rimoldi et al., 1993), as well as the hypothesis suggesting

that the release of sIL-2R is attributed to activated lymphocytes infil-

trating the tumour tissue, rather than an increase in lymphocytes in

peripheral blood (Trentin et al., 1994). Regardless of which hypothe-

sis causes sIL-2R to be elevated, the concentration of sIL-2R shows

a strong correlation with T lymphocyte activity. Similarly, in veteri-

nary medicine, the elevation of sIL-2R concentration is believed to

reflect the activity of T lymphocytes in tumour patients (Pawlaczyk &
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Sobieska, 2006), which can be used for the diagnosis of tumours, eval-

uation of treatment response and prognosis assessment, similar to its

applications in humanmedicine (Boyano et al., 2000; Kawashima et al.,

2000; Rutkowski et al., 2002).

This study is the first to show that sIL-2R concentrations are sig-

nificantly increased in dogs with solid tumours and revealed a clear

correlation among sIL-2R concentrations, tumour malignancy and sur-

vival time. Although the number of cases was limited, we confirmed

that sIL-2R can be used to assess treatment responsiveness and prog-

nosis. However, further research is required to gather more data and

validate these findings.
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