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ABSTRACT

Background: Programmed cell death protein-1 (PD-1) and programmed cell death ligand-1 
(PD-L1) have important roles in tumor evasion of the immune system.
Objectives: This study aimed to assess the diagnostic utility of circulating PD-1 and PD-L1 
levels in healthy dogs and dogs with tumors.
Methods: Circulating PD-1 and PD-L1 levels in the serum of 71 dogs with tumors were compared 
with those of 52 healthy dogs by performing enzyme-linked immunosorbent assay (ELISA).
Results: The ELISA results revealed higher circulating PD-1 and PD-L1 levels in dogs with 
tumors (2.9 [2.2–3.7] ng/mL; median [IQR] and 2.4 [1.4–4.4] ng/mL, respectively) than in 
healthy dogs (2.4 [1.9–3.0] ng/mL; p = 0.012 and 1.4 [0.9–2.1] ng/mL; p < 0.001, respectively). 
Especially, there was a significant difference in circulating PD-1 levels between healthy dogs 
and dogs with malignant epithelial tumors (2.4 [1.9–3.0] ng/mL and 3.1 [2.6–4.4] ng/mL, 
respectively; p < 0.01). In addition, there was a significant difference in circulating PD-L1 
levels between healthy dogs and dogs with lymphomas (1.4 [0.9–2.1] ng/mL and 2.7 [1.6–5.8] 
ng/mL, respectively; p < 0.001).
Conclusion: This study indicates that circulating PD-1 and PD-L1 have potential as tumor 
diagnostic biomarkers in dogs with tumors.
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INTRODUCTION

According to a previous report [1], approximately 5,300 dogs per 100,000 are diagnosed 
with tumors annually, a rate about 10 times higher than that in humans. In general, tumors 
develop spontaneously and are a common cause of death. Tumors can also reduce the quality 
of life in dogs [2,3]. However, until recently, few authors have reported on quantifiable 
biomarkers to diagnose tumors in veterinary medicine.

Programmed cell death protein-1 (PD-1) is an inhibitory receptor and, as previously 
described, is expressed on T and B cells [4]. It is also expressed by other cells such as natural 
killer cells, monocytes, and dendritic cells [5]. Among the CD28 superfamily members, 
PD-1 induces a negative signal via interaction with its ligand. Two PD-1 ligands have been 
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reported: PD-ligand 1 (PD-L1) and PD-L2. PD-L1 is expressed in various cell types, including 
non-hematopoietic cells, whereas PD-L2 is expressed in specific types of cells or tissues. 
One oncogenic theory involves evasion of the immune mechanism through the PD-1/PD-L1 
pathway [4]. PD-L1 is not expressed in most normal tissues, but its expression is reported 
in various tumor cells [6,7]. In humans, many studies have detected PD-L1 in various tumor 
tissue types, including melanoma, leukemia, lymphoma, gastric, renal cell, and breast 
cancers, and non-small cell lung cancer (NSCLC) [8-13]. Furthermore, several studies 
observed serum soluble PD-L1 in the serum of patients with various tumors, including 
multiple myeloma, diffuse large B-cell lymphoma renal cell carcinoma, advanced gastric 
cancer, pancreatic adenocarcinoma, mesothelioma, and NSCLC [14-20]. However, there are 
few reports on PD-1 and PD-L1 in dogs, and the associations of diseases with PD-1 or PD-L1 
remain to be revealed [3,21-23].

Few studies have attempted to assess PD-1/PD-L1 expressions in canine cancers, and there is 
no report on circulating PD-1 and PD-L1 levels in canine cancer. Therefore, this study aimed 
to compare the levels of circulating PD-1 and PD-L1 between healthy dogs and dogs with 
tumors and evaluate the diagnostic utility of PD-1 and PD-L1 in canine tumors.

MATERIALS AND METHODS

Serum samples
Stored serum samples of 71 dogs with tumors and 52 healthy dogs from 5 animal hospitals 
were retrospectively retrieved. Serum samples from dogs with tumors were obtained at the 
time of diagnosis. The dogs included in the study were presented between 2011 and 2020 for 
disease diagnosis, spay, castration, dental scaling, or routine health examination. All 123 dogs 
received a physical examination, a complete blood cell count (CBC), and serum chemistry 
analysis to determine their health condition. Sera remaining after laboratory testing were 
stored. Serum was collected from the jugular vein into 5 mL serum separating tubes (BD 
Vacutainers SST Tube, Becton Dickinson, USA). The tube was gently inverted about five times 
and then allowed to stand for 20–30 min at −4°C before centrifugation at 3,000 r/min for 15 
min. The serum was aliquoted into cryovial and stored at −70°C until used.

Inclusion and exclusion criteria
Healthy dogs had no history of abnormalities and no evidence of tumors. Also, there were 
no remarkable physical examination and blood test results. The dogs with various tumors 
were included as the cancer group. Diagnosis of a solid tumor was based on histological 
examination and the diagnosis of lymphoma was based on cytologic examination of samples 
obtained via fine needle aspiration (Table 1). Dogs with cancer were further allocated into one 
of three general tumor types based on cytologic or histologic classification (Table 2). Specific 
terminology used depends on the tumor origin (epithelial, mesenchymal, and hematopoietic 
and lymphoreticular) and is also divided into benign or malignant. Dogs with diseases 
(cardiac disease, endocrinopathy, and systemic disorders) other than tumors were excluded 
from this study based on the possibility that a disease could affect the circulating PD-1 or PD-
L1 level in serum.

Enzyme-linked immunosorbent assay
Levels of circulating PD-1 and PD-L1 were measured using commercial enzyme-linked 
immunosorbent assay (ELISA) kits for PD-1 (Canine PD1 ELISA Kit, MyBioSource Inc., 
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USA) and PD-L1 (Canine PDL1 ELISA Kit, MyBioSource Inc.), following the manufacturer's 
protocols and a previous human study with some modification [24]. In brief, 96-well plates 
were incubated with standards, and serum samples were incubated with horseradish 
peroxidase (HRP)-conjugate reagent for 1 h at 37°C. After several aspiration/wash processes, 
chromogen solution was added to each well of the plates for 15 min at 37°C and protected 
from light. The substrate reaction was stopped by adding stop solution. Optical density was 
measured at 450 nm. Protein levels were calculated according to standard curves. The kit 
manufacturer indicates the intra- and inter-assay coefficients of variation were < 15% for PD-1 
ELISA kit, while the intra- and inter-assay coefficients of variation of the PD-L1 ELISA kit were 
< 10% and < 12%, respectively.

Statistical analysis
The Mann-Whitney U test was used to compare two variables; the Kruskal-Wallis test 
compared three or more variables. Spearman correlation was used to assess the relationship 
between serum PD-1 and serum PD-L1 concentrations. Cut-off values for serum PD-1 and PD-
L1 concentrations were determined by receiver operating characteristic (ROC) curve analysis. 
Logistic regression analysis was used to evaluate the relationships between various variables. 
A p value < 0.05 was considered statistically significant. Results are given as median and 
interquartile range (IQR) values. All analyses were performed using SPSS software (version 
25.0, SPSS Inc., USA).

RESULTS

Serum concentrations of PD-1 and PD-L1
The concentrations (median [IQR]) of serum PD-1 and PD-L1 in healthy dogs were 2.4 [1.9–
3.0] and 1.4 [0.9–2.1] ng/mL, respectively. No correlation was detected between PD-1 and 
PD-L1 serum concentrations (p = 0.452; r = −0.107). The median [IQR] circulating PD-1 and 
PD-L1 levels in dogs with tumors were 2.9 [2.2–3.7] and 2.4 [1.4–4.4] ng/mL, respectively. 
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Table 1. Characteristics of 52 healthy dogs and 71 dogs with epithelial (n = 18), mesenchymal (n = 14), and hematopoietic and lymphoreticular (n = 39) tumors in 
this study
Signalment Healthy Tumor types

Epithelial Mesenchymal Hematopoietic and lymphoreticular
Benign Malignant Benign Malignant Benign Malignant

Number 52 1 17 4 10 2 37
Age (median [IQR]) 4.0 [1.3–7.0] 15 11 [7.5–11.5] 11.5 [8.0–12.0] 13.0 [11.0–15.0] 4.5 [1.0–4.5] 11.0 [7.0–12.0]
Sex F (16), SF (15), F (1), SF (0), F (4), SF (5), F (2), SF (1), F (5), SF (0), F (0), SF (0), F (5), SF (9),

M (5), CM (16) M (0), CM (0) M (3), CM (5) M (0), CM (1) M (1), CM (4) M (0), CM (2) M (3), CM (20)
Breed Maltese (18) Pomeranian (1) Maltese (5) Basenji (1) Maltese (3) Shih Tzu (1) Maltese (11)

Poodle (7) Shih Tzu (4) Golden Retriever (1) Shih Tzu (2) Spitz (1) Shih Tzu (9)
Mixed (4) Yorkshire Terrier (2) Jindo (1) Yorkshire Terrier (2) Cocker Spaniel (6)

Cavalier King Charles Spaniel (2) Mixed (2) Yorkshire Terrier (1) Others‡ (3) Miniature pinscher (3)
Chihuahua (2) Others† (4) Yorkshire Terrier (2)

Shih Tzu (2) Others§ (6)
Welsh Corgi (2)

Golden Retriever (2)
Others* (13)

IQR, interquartile range; F, female; SF, spayed female; M, male; CM, castrated male.
*Bichon Frise, Cocker Spaniel, Dachshund, Dalmatian, French Bulldog, Italian Greyhound, Jindo, Labrador Retriever, Pomeranian, Shetland Sheepdog, Soft-Coated 
Wheaten Terrier, Weimaraner, Yorkshire Terrier.
†Borzoi, Jindo, Schnauzer, Welsh Corgi.
‡Cocker Spaniel, Flat Coated Retriever, Labrador Retriever.
§Chihuahua, Coton de Tulear, Dachshund, Great Pyrenees, Poodle, Welsh Corgi.



Circulating PD-1 and PD-L1 levels were significantly higher in dogs with tumors than in 
healthy dogs (p = 0.012 and p < 0.001, respectively) (Fig. 1).
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Table 2. Number of 71 tumors according to cytologic and/or histologic diagnosis in this study
Epithelial (n = 18)

Benign (n = 1)
Mammary gland adenoma (n = 1)

Malignant (n = 17)
Mammary gland adenocarcinoma (n = 3)
Transitional cell carcinoma (n = 2)
Pulmonary adenosquamous cell carcinoma (n = 1)
Thyroid adenocarcinoma (n = 1)
Perianal gland adenocarcinoma (n = 3)
Hepatocellular carcinoma (n = 1)
Salivary gland adenocarcinoma (n = 1)
Squamous cell carcinoma (n = 2)
Nasal adenocarcinoma (n = 2)
Rectal adenocarcinoma (n = 1)

Mesenchymal (n = 14)
Benign (n = 4)

Lipoma (n = 4)
Malignant (n = 10)

Melanoma (n = 5)
Osteosarcoma (n = 1)
Liposarcoma (n = 1)
Cutaneous hemangiosarcoma (n = 1)
Fibrosarcoma (n = 1)
Leiomyosarcoma (n = 1)

Hematopoietic and Lymphoreticular (n = 39)
Benign (n = 2)

Histiocytoma (n = 2)
Malignant (n = 37)

Lymphoma (n = 31)
Chronic lymphocytic leukemia (n = 1)
Mast cell tumor (n = 4)
Hemophagocytic histiocytic sarcoma (n = 1)

Total number of tumors (n = 71)
Specific terminology is used depending on the origin of the tumor (epithelial, mesenchymal, and hematopoietic 
and lymphoreticular). It is also divided into benign or malignant.
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Fig. 1. Boxplots of PD-1 and PD-L1 concentrations in healthy dogs and dogs with tumors. (A) Dogs with tumors 
showed significantly higher PD-1 concentrations than healthy dogs. (B) Dogs with tumors showed significantly 
higher PD-L1 concentrations than healthy dogs. p < 0.05 was considered significant. 
PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1.



Comparison of PD-1 and PD-L1 concentrations between healthy dogs and 
dogs with tumors
The median [IQR] circulating PD-1 and PD-L1 levels were compared among healthy dogs, 
dogs with benign tumors, and dogs with malignant tumors. Serum concentrations of PD-1 for 
healthy dogs, dogs with benign tumors, and dog with malignant tumors were 2.4 [1.9–3.0], 
2.8 [2.0–4.1], and 2.9 [2.2–3.6] ng/mL, respectively. Serum concentrations of PD-L1 in 
healthy dogs, dogs with benign tumors, and dogs with malignant tumors were 1.4 [0.9–2.1], 
4.1 [1.5–4.5], and 2.3 [1.3–3.9] ng/mL, respectively. Circulating PD-1 and PD-L1 levels were 
significantly higher in dogs with malignant tumors than in healthy dogs (p = 0.013 and p < 
0.001, respectively) (Fig. 2). Serum concentration of PD-1 for dogs with malignant epithelial, 
mesenchymal, and hematopoietic and lymphoreticular tumors were 3.1 [2.6–4.4], 2.7 [2.2–
3.4], and 2.8 [1.9–3.6] ng/mL, respectively. The circulating PD-1 level was significantly higher 
in dogs with malignant epithelial tumors than in healthy dogs (p < 0.01) (Fig. 3A). The serum 
concentrations of PD-L1 for dogs with malignant epithelial, mesenchymal, and hematopoietic 
and lymphoreticular tumors were 1.8 [1.2–3.7], 1.8 [1.0–3.7], and 2.7 [1.6–5.8] ng/mL, 
respectively. The circulating PD-L1 level was significantly higher in dogs with malignant 
hematopoietic and lymphoreticular tumors than in healthy dogs (p < 0.001) (Fig. 3B).
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Fig. 2. Boxplots of PD-1 and PD-L1 concentrations in healthy dogs and dogs with tumors according to malignancy. 
(A) Dogs with malignant tumors showed significantly higher PD-1 concentrations than healthy dogs. (B) Dogs with 
malignant tumors showed significantly higher PD-L1 concentrations than healthy dogs. p < 0.05 was considered 
significant. 
PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1.
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Fig. 3. Boxplots of PD-1 and PD-L1 concentrations for healthy dogs and dogs with tumors according to malignancy and type and lymphoma. (A) Dogs with 
malignant epithelial tumors showed significantly higher PD-1 concentrations than healthy dogs. (B) Dogs with malignant hematopoietic and lymphoreticular 
tumors showed significantly higher PD-L1 concentrations than healthy dogs. (C) Dogs with lymphomas showed significantly higher PD-L1 concentrations than 
healthy dogs. p < 0.05 was considered significant. 
PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1.



Serum concentrations of PD-1 and PD-L1 in healthy dogs and dogs with 
lymphoma
The median [IQR] serum PD-1 level in dogs with lymphoma was 2.8 [1.9-3.6] ng/mL, and in 
healthy dogs, it was 2.4 [1.9-3.0] ng/mL. There was no significant difference in circulating 
PD-1 levels between healthy dogs and dogs with lymphoma (p = 0.290). The serum PD-L1 
level in dogs with lymphoma was 2.4 [1.6–4.8] ng/mL, while in healthy dogs, it was 1.4 
[0.9–2.1] ng/mL. The circulating PD-L1 level was significantly higher in dogs with lymphoma 
than in healthy dogs (p < 0.001) (Fig. 3C).

Correlations of serum concentrations of PD-1 and PD-L1 with tumor occurrence
Logistic regression results showed that the serum PD-1 level was significantly associated 
with malignant epithelial tumor presence (odds ratio = 2.402; B = 0.876; p = 0.024), whereas 
the PD-L1 level (odds ratio = 1.703; B = 0.532; p = 0.003) was significantly associated with 
lymphoma. To evaluate the potential of PD-1 and PD-L1 as biomarkers for tumors, receiver 
operating characteristic (ROC) curves were analyzed in healthy dogs and dogs with tumors. 
The analysis indicated that PD-1 level could be used to differentiate dogs with malignant 
epithelial tumors from healthy dogs, with an ROC area under curve (AUC) of 0.765 (95% 
confidence interval [95% CI], 0.647–0.883; p = 0.001) (Fig. 4A). Moreover, the PD-L1 level 
could be used to differentiate dogs with lymphoma from healthy dogs, with an ROC AUC of 
0.734 (95% CI, 0.626–0.842; p = 0.001) (Fig. 4B).

DISCUSSION

Tumors can evade the host’s immune system via the PD-1/PD-L1 pathway, and while growing, 
they undergo three phases — elimination, equilibrium, and escape [25]. In the elimination 
phase, most abnormal cells are eliminated by immune cells, but cancer cells proliferate. 
During the equilibrium phase, tumor size is stable because a few abnormal cells may escape 
the immune system. In the escape phase, abnormal cells escaping the immune system 
continue to grow and become tumorous. Overexpressions of PD-1 and PD-L1 in tumor 

6/10https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e75

Circulating PD-1/PD-L1 in tumor dogs

0.6

0.4

1.0

0.8

0.2

0
0 0.2

Se
ns
iti
vi
ty

A

0.4 0.6 0.8 1.0
1-Specificity

0.6

0.4

1.0

0.8

0.2

0
0 0.2

Se
ns
iti
vi
ty

B

0.4 0.6 0.8 1.0
1-Specificity

PD-1
PD-L1

PD-1
PD-L1
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tissue are often reported in various cancers, suggesting the PD-1/PD-L1 pathway is a possible 
mechanism for cancer to evade the immune system [6,7]. Also, the PD-1/PD-L1 pathway has 
been associated with the suppression of T-cell-based immune functions and could mediate 
tumor immunosuppression [4]. In contrast to membrane-bound forms, circulating forms of 
PD-1 and PD-L1 have significant roles in tumor pathogenesis [26]. Circulating PD-1 and PD-
L1 have been reported in cancer, suggesting they have a crucial role in tumors [17-20,26,27].

In veterinary medicine, recent studies have demonstrated that PD-1 and PD-L1 are involved in 
immune evasion by canine cancer. However, there are no reports assess circulating PD-1 and 
PD-L1 concentrations in various canine cancers. This study demonstrated that the circulating 
PD-1 level in dogs with malignant epithelial tumors was significantly higher than that in 
healthy dogs. Also, the circulating PD-L1 level in dogs with lymphoma was significantly 
higher than that in healthy dogs.

Soluble forms of molecules are known to be generated via cleavage of the membrane-bound 
form or by translation of alternative splice variants [26], actions that are thought to have 
occurred in the generation of circulating PD-1 and PD-L1 molecules in the dogs in this 
study. Both soluble and membrane forms of PD-1 and PD-L1 affect the immune system and 
contribute to immune system escape. Therefore, circulating PD-1 and PD-L1 in dogs with 
tumors in this study would have induced escape from the T-cell-based immune system.

The main source of circulating PD-1 is tumor-specific T cells, and the circulating PD-1 
level decreases as the tumor reduces [28,29]. In human medicine, the magnitude of the 
association between circulating PD-1 and tumor prognosis was inconsistent in previous 
studies of different tumors (i.e., NSCLC and hepatocellular carcinoma) [30,31]. Circulating 
PD-1 may be both the cause and result of the tumor. PD-L1 present on cell surfaces of 
immune and tumor cells can be a source of circulating PD-L1 [19,32-35]. However, in other 
studies, there is little association between PD-L1 expression in tumor tissue and the level of 
circulating PD-L1; these studies indicate that circulating PD-L1 may be produced in the tumor 
microenvironment [20,26,33,36]. Circulating PD-L1 from tumors or mature dendritic cells 
enhances T lymphocyte apoptosis, leading to immune evasion by the tumor [34]. Similar to 
the result of our study, the circulating PD-L1 level is elevated in humans with diffuse large 
B-cell lymphoma (DLBCL) and is associated with the prognosis [20]. In this study, dogs with 
benign tumors showed a higher median circulating PD-L1 level than that in healthy dogs. It 
is possible that the PD-L1 level can also increase in benign tumors, which can subsequently 
develop into malignant tumors. However, since there was no statistical significance of the 
differences associated with benign tumors, the result in this study should be verified in future 
studies with larger sample numbers. Further studies are also needed on the role of circulating 
PD-1 and PD-L1 in the diagnosis, prognosis, and mechanism of tumors.

In humans, the circulating PD-L1 level increased with age, but the difference between the 
1-10-years-old group and 51-70-years-old group was only about 0.3 ng/mL, a relatively small 
amount [33]. In contrast, the circulating PD-L1 level in healthy dogs was negatively correlated 
with age in this study (data not shown, Spearman correlation between age and PD-L1 in 
healthy dogs, r = −0.275, p = 0.049). Despite this negative correlation between PD-L1 and 
age, the circulating PD-L1 level was higher in dogs with tumors than that in healthy dogs. 
Based these results, PD-L1 was mainly associated with tumors, but a weak correlation with 
age was observed in this study. Further large-scale studies should be undertaken to clarify the 
association between PD-L1 and these factors.
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Recently, immunotherapy targeting PD-1 and PD-L1 has been used for the treatment of some 
human malignant tumors. Blockade of the PD-1 or PD-L1 pathway enhances T-cell responses 
to cancer antigens. An anti-PD-1 monoclonal antibody, Nivolumab, has been shown to be 
safe and effective in patients with some malignant tumor types, and a treatment response of 
36% was noted in patients with PD-L1-positive cancers [37]. In another study, pembrolizumab 
treatment produced a response rate of 45.2% in patients with NSCLC [38]. However, human 
immunotherapies targeting PD-1 and PD-L1 have shown different results depending on the 
expression levels of PD-1 and PD-L1 in tumor tissues. Nivolumab show no response in PD-L1-
negative cancer patients, and only 16.5% of patients with NSCLC responded to pembrolizumab 
when 1 to 49% of the tumor cells were PD-L1 positive [37,38]. However, PD-1 and PD-L1 have 
not been considered precision biomarkers because of differing immunohistochemistry (IHC) 
cutoffs, tissue preparation methods, processing procedures, and biopsy type (primary versus 
metastatic); moreover, PD-L1 expression differs between oncogenic and induced types [39]. 
Circulating PD-1 and PD-L1 levels have shown potential as a less invasive and more efficient 
biomarker [14-16,40]. In veterinary medicine, some canine cancers, including oral malignant 
melanoma, are reported to express PD-L1, and specific anti-PD-1 or PD-L1 monoclonal 
antibodies have induced immune-cell activation in vitro [3,21-23]. Thus, circulating PD-1 and PD-
L1 have the potential to serve as diagnostic biomarkers in dogs with tumors.

To the best of our knowledge, this is the first report describing circulating PD-1 and PD-L1 
levels in various canine tumors. This study demonstrated that the circulating levels of PD-1 
and PD-L1 in dogs with tumors are higher than those in healthy dogs. The findings indicate 
PD-1 and PD-L1 offer an easy and effective method to predict tumor presences and may be 
helpful in selecting an appropriate immunotherapy. Further studies are needed to assess 
the alteration of circulating PD-1 and PD-L1 levels during treatment and long-term follow-
up periods. As the number of benign tumors in this study was small, further studies on 
circulating PD-1 and PD-L1 levels in larger groups of dogs with benign tumors are required.

ACKNOWLEDGMENTS

We thank members of our laboratory for collecting the samples used in this study, and thank 
See-Hyoung Park for advice and BioSharp for technical assistance. The study results represent 
a portion of the Ph.D. thesis by Doo-Won Song.

REFERENCES

 1. Schiffman JD, Breen M. Comparative oncology: what dogs and other species can teach us about humans 
with cancer. Philos Trans R Soc Lond B Biol Sci. 2015;370(1673):20140231. 
PUBMED | CROSSREF

 2. Adams VJ, Evans KM, Sampson J, Wood JL. Methods and mortality results of a health survey of purebred 
dogs in the UK. J Small Anim Pract. 2010;51(10):512-524. 
PUBMED | CROSSREF

 3. Maekawa N, Konnai S, Okagawa T, Nishimori A, Ikebuchi R, Izumi Y, et al. Immunohistochemical 
analysis of PD-L1 expression in canine malignant cancers and PD-1 expression on lymphocytes in canine 
oral melanoma. PLoS One. 2016;11(6):e0157176. 
PUBMED | CROSSREF

 4. Chamoto K, Al-Habsi M, Honjo T. Role of PD-1 in immunity and diseases. In: Yoshimura A, editor. 
Emerging Concepts Targeting Immune Checkpoints in Cancer and Autoimmunity. Basel: Springer International 
Publishing; 2017, 75-97.

8/10https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e75

Circulating PD-1/PD-L1 in tumor dogs

http://www.ncbi.nlm.nih.gov/pubmed/26056372
https://doi.org/10.1098/rstb.2014.0231
http://www.ncbi.nlm.nih.gov/pubmed/21029096
https://doi.org/10.1111/j.1748-5827.2010.00974.x
http://www.ncbi.nlm.nih.gov/pubmed/27276060
https://doi.org/10.1371/journal.pone.0157176


 5. He J, Hu Y, Hu M, Li B. Development of PD-1/PD-L1 pathway in tumor immune microenvironment and 
treatment for non-small cell lung cancer. Sci Rep. 2015;5(1):13110. 
PUBMED | CROSSREF

 6. Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB, et al. Tumor-associated B7-H1 promotes 
T-cell apoptosis: a potential mechanism of immune evasion. Nat Med. 2002;8(8):793-800. 
PUBMED | CROSSREF

 7. Sznol M, Chen L. Antagonist antibodies to PD-1 and B7-H1 (PD-L1) in the treatment of advanced human 
cancer. Clin Cancer Res. 2013;19(5):1021-1034. 
PUBMED | CROSSREF

 8. Kaunitz GJ, Cottrell TR, Lilo M, Muthappan V, Esandrio J, Berry S, et al. Melanoma subtypes demonstrate 
distinct PD-L1 expression profiles. Lab Invest. 2017;97(9):1063-1071. 
PUBMED | CROSSREF

 9. Miyoshi H, Kiyasu J, Kato T, Yoshida N, Shimono J, Yokoyama S, et al. PD-L1 expression on neoplastic or 
stromal cells is respectively a poor or good prognostic factor for adult T-cell leukemia/lymphoma. Blood. 
2016;128(10):1374-1381. 
PUBMED | CROSSREF

 10. Zhang M, Dong Y, Liu H, Wang Y, Zhao S, Xuan Q, et al. The clinicopathological and prognostic significance of 
PD-L1 expression in gastric cancer: a meta-analysis of 10 studies with 1,901 patients. Sci Rep. 2016;6(1):37933. 
PUBMED | CROSSREF

 11. Iacovelli R, Nolè F, Verri E, Renne G, Paglino C, Santoni M, et al. Prognostic role of PD-L1 expression in 
renal cell carcinoma. A systematic review and meta-analysis. Target Oncol. 2016;11(2):143-148. 
PUBMED | CROSSREF

 12. Zhang M, Sun H, Zhao S, Wang Y, Pu H, Wang Y, et al. Expression of PD-L1 and prognosis in breast 
cancer: a meta-analysis. Oncotarget. 2017;8(19):31347-31354. 
PUBMED | CROSSREF

 13. D'Incecco A, Andreozzi M, Ludovini V, Rossi E, Capodanno A, Landi L, et al. PD-1 and PD-L1 expression 
in molecularly selected non-small-cell lung cancer patients. Br J Cancer. 2015;112(1):95-102. 
PUBMED | CROSSREF

 14. Bian B, Fanale D, Dusetti N, Roque J, Pastor S, Chretien AS, et al. Prognostic significance of 
circulating PD-1, PD-L1, pan-BTN3As, BTN3A1 and BTLA in patients with pancreatic adenocarcinoma. 
OncoImmunology. 2019;8(4):e1561120. 
PUBMED | CROSSREF

 15. Chiarucci C, Cannito S, Daffinà MG, Amato G, Giacobini G, Cutaia O, et al. Circulating levels of PD-L1 in 
mesothelioma patients from the NIBIT-MESO-1 study: correlation with survival. Cancers (Basel). 2020;12(2):361. 
PUBMED | CROSSREF

 16. Zheng Z, Bu Z, Liu X, Zhang L, Li Z, Wu A, et al. Level of circulating PD-L1 expression in patients with 
advanced gastric cancer and its clinical implications. Chin J Cancer Res. 2014;26(1):104-111.
PUBMED

 17. Cheng S, Zheng J, Zhu J, Xie C, Zhang X, Han X, et al. PD-L1 gene polymorphism and high level of 
plasma soluble PD-L1 protein may be associated with non-small cell lung cancer. Int J Biol Markers. 
2015;30(4):e364-e368. 
PUBMED | CROSSREF

 18. Wang L, Wang H, Chen H, Wang WD, Chen XQ, Geng QR, et al. Serum levels of soluble programmed 
death ligand 1 predict treatment response and progression free survival in multiple myeloma. Oncotarget. 
2015;6(38):41228-41236. 
PUBMED | CROSSREF

 19. Frigola X, Inman BA, Lohse CM, Krco CJ, Cheville JC, Thompson RH, et al. Identification of a soluble 
form of B7-H1 that retains immunosuppressive activity and is associated with aggressive renal cell 
carcinoma. Clin Cancer Res. 2011;17(7):1915-1923. 
PUBMED | CROSSREF

 20. Rossille D, Gressier M, Damotte D, Maucort-Boulch D, Pangault C, Semana G, et al. High level of soluble 
programmed cell death ligand 1 in blood impacts overall survival in aggressive diffuse large B-Cell 
lymphoma: results from a French multicenter clinical trial. Leukemia. 2014;28(12):2367-2375. 
PUBMED | CROSSREF

 21. Maekawa N, Konnai S, Ikebuchi R, Okagawa T, Adachi M, Takagi S, et al. Expression of PD-L1 on canine 
tumor cells and enhancement of IFN-γ production from tumor-infiltrating cells by PD-L1 blockade. PLoS 
One. 2014;9(6):e98415. 
PUBMED | CROSSREF

 22. Shosu K, Sakurai M, Inoue K, Nakagawa T, Sakai H, Morimoto M, et al. Programmed cell death ligand 1 
expression in canine cancer. In Vivo. 2016;30(3):195-204.
PUBMED

9/10https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e75

Circulating PD-1/PD-L1 in tumor dogs

http://www.ncbi.nlm.nih.gov/pubmed/26279307
https://doi.org/10.1038/srep13110
http://www.ncbi.nlm.nih.gov/pubmed/12091876
https://doi.org/10.1038/nm730
http://www.ncbi.nlm.nih.gov/pubmed/23460533
https://doi.org/10.1158/1078-0432.CCR-12-2063
http://www.ncbi.nlm.nih.gov/pubmed/28737763
https://doi.org/10.1038/labinvest.2017.64
http://www.ncbi.nlm.nih.gov/pubmed/27418641
https://doi.org/10.1182/blood-2016-02-698936
http://www.ncbi.nlm.nih.gov/pubmed/27892511
https://doi.org/10.1038/srep37933
http://www.ncbi.nlm.nih.gov/pubmed/26429561
https://doi.org/10.1007/s11523-015-0392-7
http://www.ncbi.nlm.nih.gov/pubmed/28430626
https://doi.org/10.18632/oncotarget.15532
http://www.ncbi.nlm.nih.gov/pubmed/25349974
https://doi.org/10.1038/bjc.2014.555
http://www.ncbi.nlm.nih.gov/pubmed/30906655
https://doi.org/10.1080/2162402X.2018.1561120
http://www.ncbi.nlm.nih.gov/pubmed/32033266
https://doi.org/10.3390/cancers12020361
http://www.ncbi.nlm.nih.gov/pubmed/24653632
http://www.ncbi.nlm.nih.gov/pubmed/26349666
https://doi.org/10.5301/jbm.5000170
http://www.ncbi.nlm.nih.gov/pubmed/26515600
https://doi.org/10.18632/oncotarget.5682
http://www.ncbi.nlm.nih.gov/pubmed/21355078
https://doi.org/10.1158/1078-0432.CCR-10-0250
http://www.ncbi.nlm.nih.gov/pubmed/24732592
https://doi.org/10.1038/leu.2014.137
http://www.ncbi.nlm.nih.gov/pubmed/24915569
https://doi.org/10.1371/journal.pone.0098415
http://www.ncbi.nlm.nih.gov/pubmed/27107075


 23. Coy J, Caldwell A, Chow L, Guth A, Dow S. PD-1 expression by canine T cells and functional effects of 
PD-1 blockade. Vet Comp Oncol. 2017;15(4):1487-1502. 
PUBMED | CROSSREF

 24. Bonomi M, Ahmed T, Addo S, Kooshki M, Palmieri D, Levine BJ, et al. Circulating immune biomarkers as 
predictors of the response to pembrolizumab and weekly low dose carboplatin and paclitaxel in NSCLC 
and poor PS: An interim analysis. Oncol Lett. 2019;17(1):1349-1356.
PUBMED

 25. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating immunity's roles in cancer 
suppression and promotion. Science. 2011;331(6024):1565-1570. 
PUBMED | CROSSREF

 26. Zhu X, Lang J. Soluble PD-1 and PD-L1: predictive and prognostic significance in cancer. Oncotarget. 
2017;8(57):97671-97682. 
PUBMED | CROSSREF

 27. Zhou J, Mahoney KM, Giobbie-Hurder A, Zhao F, Lee S, Liao X, et al. Soluble PD-L1 as a biomarker in 
malignant melanoma treated with checkpoint blockade. Cancer Immunol Res. 2017;5(6):480-492. 
PUBMED | CROSSREF

 28. Incorvaia L, Badalamenti G, Rinaldi G, Iovanna JL, Olive D, Swayden M, et al. Can the plasma PD-1 
levels predict the presence and efficiency of tumor-infiltrating lymphocytes in patients with metastatic 
melanoma? Ther Adv Med Oncol. 2019;11:1758835919848872. 
PUBMED | CROSSREF

 29. Li N, Zhou Z, Li F, Sang J, Han Q, Lv Y, et al. Circulating soluble programmed death-1 levels may 
differentiate immune-tolerant phase from other phases and hepatocellular carcinoma from other clinical 
diseases in chronic hepatitis B virus infection. Oncotarget. 2017;8(28):46020-46033. 
PUBMED | CROSSREF

 30. Cheng HY, Kang PJ, Chuang YH, Wang YH, Jan MC, Wu CF, et al. Circulating programmed death-1 
as a marker for sustained high hepatitis B viral load and risk of hepatocellular carcinoma. PLoS One. 
2014;9(11):e95870. 
PUBMED | CROSSREF

 31. Sorensen SF, Demuth C, Weber B, Sorensen BS, Meldgaard P. Increase in soluble PD-1 is associated with 
prolonged survival in patients with advanced EGFR-mutated non-small cell lung cancer treated with 
erlotinib. Lung Cancer. 2016;100:77-84. 
PUBMED | CROSSREF

 32. Shi MH, Xing YF, Zhang ZL, Huang JA, Chen YJ. Effect of soluble PD-L1 released by lung cancer cells in 
regulating the function of T lymphocytes. Zhonghua Zhong Liu Za Zhi. 2013;35(2):85-88.
PUBMED

 33. Chen Y, Wang Q, Shi B, Xu P, Hu Z, Bai L, et al. Development of a sandwich ELISA for evaluating soluble 
PD-L1 (CD274) in human sera of different ages as well as supernatants of PD-L1+ cell lines. Cytokine. 
2011;56(2):231-238. 
PUBMED | CROSSREF

 34. Frigola X, Inman BA, Krco CJ, Liu X, Harrington SM, Bulur PA, et al. Soluble B7-H1: differences in 
production between dendritic cells and T cells. Immunol Lett. 2012;142(1-2):78-82. 
PUBMED | CROSSREF

 35. Takahashi N, Iwasa S, Sasaki Y, Shoji H, Honma Y, Takashima A, et al. Serum levels of soluble 
programmed cell death ligand 1 as a prognostic factor on the first-line treatment of metastatic or 
recurrent gastric cancer. J Cancer Res Clin Oncol. 2016;142(8):1727-1738. 
PUBMED | CROSSREF

 36. Ruf M, Moch H, Schraml P. PD-L1 expression is regulated by hypoxia inducible factor in clear cell renal 
cell carcinoma. Int J Cancer. 2016;139(2):396-403. 
PUBMED | CROSSREF

 37. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, et al. Safety, activity, and 
immune correlates of anti-PD-1 antibody in cancer. N Engl J Med. 2012;366(26):2443-2454. 
PUBMED | CROSSREF

 38. Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP, et al. Pembrolizumab for the treatment 
of non-small-cell lung cancer. N Engl J Med. 2015;372(21):2018-2028. 
PUBMED | CROSSREF

 39. Patel SP, Kurzrock R. PD-L1 expression as a predictive biomarker in cancer immunotherapy. Mol Cancer 
Ther. 2015;14(4):847-856. 
PUBMED | CROSSREF

 40. Kloten V, Lampignano R, Krahn T, Schlange T. Circulating tumor cell PD-L1 expression as biomarker for 
therapeutic efficacy of immune checkpoint inhibition in NSCLC. Cells. 2019;8(8):809. 
PUBMED | CROSSREF

10/10https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e75

Circulating PD-1/PD-L1 in tumor dogs

http://www.ncbi.nlm.nih.gov/pubmed/28120417
https://doi.org/10.1111/vco.12294
http://www.ncbi.nlm.nih.gov/pubmed/30655905
http://www.ncbi.nlm.nih.gov/pubmed/21436444
https://doi.org/10.1126/science.1203486
http://www.ncbi.nlm.nih.gov/pubmed/29228642
https://doi.org/10.18632/oncotarget.18311
http://www.ncbi.nlm.nih.gov/pubmed/28522460
https://doi.org/10.1158/2326-6066.CIR-16-0329
http://www.ncbi.nlm.nih.gov/pubmed/31205506
https://doi.org/10.1177/1758835919848872
http://www.ncbi.nlm.nih.gov/pubmed/28545019
https://doi.org/10.18632/oncotarget.17546
http://www.ncbi.nlm.nih.gov/pubmed/25427199
https://doi.org/10.1371/journal.pone.0095870
http://www.ncbi.nlm.nih.gov/pubmed/27597284
https://doi.org/10.1016/j.lungcan.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/23714659
http://www.ncbi.nlm.nih.gov/pubmed/21733718
https://doi.org/10.1016/j.cyto.2011.06.004
http://www.ncbi.nlm.nih.gov/pubmed/22138406
https://doi.org/10.1016/j.imlet.2011.11.001
http://www.ncbi.nlm.nih.gov/pubmed/27256004
https://doi.org/10.1007/s00432-016-2184-6
http://www.ncbi.nlm.nih.gov/pubmed/26945902
https://doi.org/10.1002/ijc.30077
http://www.ncbi.nlm.nih.gov/pubmed/22658127
https://doi.org/10.1056/NEJMoa1200690
http://www.ncbi.nlm.nih.gov/pubmed/25891174
https://doi.org/10.1056/NEJMoa1501824
http://www.ncbi.nlm.nih.gov/pubmed/25695955
https://doi.org/10.1158/1535-7163.MCT-14-0983
http://www.ncbi.nlm.nih.gov/pubmed/31374957
https://doi.org/10.3390/cells8080809

	Evaluation of circulating PD-1 and 
PD-L1 as diagnostic biomarkers in dogs with tumors
	INTRODUCTION
	MATERIALS AND METHODS
	Inclusion and exclusion criteria
	Enzyme-linked immunosorbent assay
	Statistical analysis

	RESULTS
	Comparison of PD-1 and PD-L1 concentrations between healthy dogs and dogs with tumors
	Serum concentrations of PD-1 and PD-L1 in healthy dogs and dogs with lymphoma
	Correlations of serum concentrations of PD-1 and PD-L1 with tumor occurrence

	DISCUSSION
	REFERENCES


