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ABSTRACT 
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Advisor(s): 
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Dr. Samuel E. Hocker 

Canine urothelial carcinoma (UC) is the most common genitourinary tumour described 

in dogs. Despite the multitude of therapies attempted over the last decade, there 

continues to be a need for new and novel therapies to improve treatment response and 

overall survival. Additionally, given the advent of immunotherapy and checkpoint 

inhibitors in human muscle-invasive urothelial carcinoma, there remains a gap in 

knowledge regarding the immune landscape of canine urothelial carcinoma, especially 

pertaining to the programmed death ligand (PD-L1) and its receptor (PD-1). The present 

works evaluated three UC cell lines and documented protein and mRNA expression of 

both PD-1 and PD-L1 in all lines. In a group of canine patients with urothelial carcinoma, 

when compared to healthy control dogs, the CD8+ T lymphocyte expression of PD-1 

was significantly elevated. Decreased CD8:Treg ratios were documented in the urine of 

UC patients, supportive of an immunosuppressive environment. Lastly, cytokines 

implicated in the upregulation of PD-1 were significantly elevated in UC patients when 

compared to healthy control dogs. This thesis provides evidence of tumour cell line-

based expression of PD-1 and PD-L1, as well as the lymphocyte-specific expression of 

PD-1 in dogs with urothelial carcinoma. Therefore, we conclude that immune checkpoint 



iii 

 

 

 

therapy against PD-1 and/or PD-L1 should be further explored as a relevant therapeutic 

strategy in dogs with urothelial carcinoma.  
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1 Chapter 1: The programmed death receptor/ligand (PD-
1/PD-L1): a review of the background, clinical application, 
and recent advancement in immunotherapy for cancer 

1.1 Urothelial carcinoma in canines and humans 

Cancer has become increasingly prevalent in our canine companions. Reports 

suggest that up to 27% of dogs will die of cancer-related causes.1 Therefore, the study 

of neoplasia in this species is becoming increasingly important to humans and animals 

alike. Of these neoplasms, urothelial carcinoma (UC), previously referred to as 

transitional cell carcinoma (TCC), remains the most common urinary tumour in dogs 

and represents 1-2% of all canine neoplasms.2 The metastatic rate of these tumours in 

dogs is reported to be up to 58%.2–5 The most common locations for metastasis include 

the regional lymph nodes and lungs. In roughly 9% of dogs at the time of necropsy, 

bony metastasis is observed.5 Most UC appear to be invasive and high-grade papillary 

tumours.2,4,6 In one study, after histologic evaluation of 232 canine urothelial 

carcinomas, the majority (70%) were considered to be high grade tumours.4 The most 

common site affected in dogs appears to be the urinary bladder trigone, though other 

areas such as the apex, or extension into the urethra are commonly documented. As 

well, primary urethral UC remains a disease entity that is difficult to treat given its 

location; extension of a trigonal bladder mass into the urethra is considered relatively 

common. In at least one study, evaluating over 100 dogs with UC, urethral extension 

was documented in 56% of cases.2 Canine tumours are also classified based on the 

canine tumour (T), node (N) and metastasis (M) staging scheme (Table 1), which 

appears to have prognostic value.4,7 In one study, 76% of dogs had T2 tumours, 

whereas 20% had T3 tumours.2  

 Potential risk factors for the development of UC in dogs have included exposure 

to certain flea products, obesity, chemical-based lawn treatment products, and female 

gender.2,5,6,8–10 As well, Scottish Terriers appear to be at a highly increased risk (OR 

21.12, 95% CI 16.23 – 27.49) for development of the disease.3,5,11  Other breeds, such 
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as the Eskimo dog, Shetland Sheepdog and West Highland White Terrier also appear to 

be at increased risk but to a lesser degree.5  

In humans, UC was reported in 2012 as the fifth most common cancer in the 

United States.12 Tobacco smoking has been linked as the single-greatest risk factor for 

the development of the disease.13 In developing countries, infection with Schistosoma 

haematobium is also a significant risk factor for tumour development and is thought to 

be due to the development of N-nitrosamines and chronic inflammation associated with 

the parasitic disease.14 Inherited genetic factors such as N-acetyltransferase 2 (NAT2) 

variants and glutathione S-transferase mu 1 (GSTM1)-null genotypes have also been 

shown to be predisposing factors.15 Mutations in the fibroblast growth factor receptor 3 

(FGFR3 – an established oncogene) are often present in non-invasive urothelial 

carcinomas.15 Canine urothelial carcinoma is a model for the muscle invasive variant of 

human UC. In people, 75% of patients present with a low-grade and non-invasive 

form.16 This comprises the Ta or T1 description. The American Joint Committee on 

Cancer (AJCC) staging system for urinary bladder tumours is listed in Table 2.17 

Previously, the incidence of T0 tumours was roughly 10%; however, a recent meta-

analysis revealed that the use of neoadjuvant chemotherapy has increased the 

incidence of T0 tumours to 30%.18,19 T2 tumours are invasive into the muscularis propria 

which are further subdivided into penetration through the inner (T2a) or outer (T2b) 

walls. However, it appears that this delineation does not carry prognostic value. In some 

studies, size of the T2 tumour was more predictive of survival than substage.20–22 

Although in other studies, including some multi-institutional studies, the prognostic 

impact of this tumour descriptor continues to be supported.23,24 T3 tumours invade the 

fat outside of the muscularis layer, and are further subdivided into T3a and T3b as 

supported below (Table 2). Similar to the T2 phenotype, there has been much debate in 

the human literature as to the prognostic significance of such tumour delineation, as 

well as the variability amongst pathologists being a large confounding factor.25–28 Even 
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the small differences between the T2 and T3 stage appear to be difficult to interpret, but 

have radical treatment implications for the patient.29,30  

The most common clinical sign in people, similar to dogs, is hematuria, with 

stranguria occurring later in the disease process and progression to obstruction.5 

Urinary tract infections are also common.4 In contrast to dogs, the location of tumour 

development can occur anywhere throughout the bladder without a predilection site.5,31 

Prostatic involvement occurs in up to 48% of cases.32 Similar to dogs, the metastatic 

rate in people with muscle-invasive urothelial carcinoma (MIUC) approaches 50%.33,34  

 The use of dogs as a relevant translational model for human cancers has 

become increasingly evident in recent years.35–37 This has also been strongly explored 

for dogs with urothelial carcinoma.38 Dogs live in the same environments, are exposed 

to the same toxins and chemicals, and naturally develop cancers in an overall shorter 

lifespan when compared to humans. In the case of urothelial carcinomas, several genes 

appear to be conserved and differentially expressed across both species including 

EGFR, cyclooxygenase-2 (COX-2), p53, HER2 and DMNT1 based on recent RNA-

sequencing data.39–46 In both dogs and people there are three molecular subtypes: 

basal, luminal, and others. The basal subtype is more common in women and has 

elevated levels of STAT3, TP63, KRT5/6A, CD44, NFkB, c-Myc, and a higher degree of 

HIF signaling compared to other subtypes.33,34,38,47–49 In contrast, the luminal subtype 

tends to appear more “papillary” in appearance and there are elevated levels of ER, 

TRIM24, FOXA1, GATA3, PPARG, and mutations in the FGFR3 as previously 

mentioned.38,48–51 It is thought that the basal subtype is more aggressive compared to 

the luminal or other types.  RNA-sequencing analysis from 29 canine urothelial 

carcinomas and normal control bladder tissue was able to dichotomize samples into 

both luminal and basal subgroups based on relevant genetic signatures, similar to their 

human counterparts.38,51  
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BRAF, a proto-oncogene and serine/threonine kinase is a gene that encodes for 

the BRAF protein. This protein is involved with signaling through the RAS/MAPK 

pathway and controls several aspects of aberrant cellular function and oncogenesis.52 In 

dogs, roughly 85% of urothelial carcinomas have a mutation in BRAF (BRAFV595E).53–55 

This mutation is akin to the BRAFV600E mutation seen in people with melanoma and 

other cancers, but is considered to be rare in human MIUC.56,57 Other mutations in the 

MAPK pathway appear more common in people with MIUC.58 In dogs, the BRAF 

mutation has led to a rapid and non-invasive diagnostic test for canine patients with UC 

with both a high sensitivity (85%) and specificity (100%).54,55,59 

 

1.2 Current treatment options for urothelial carcinoma 

1.2.1 Canine urothelial carcinoma 

There are several treatments available for dogs with UC. Similar to people, the 

mainstay of therapy is combination therapy with radiation therapy, adjuvant systemic 

chemotherapy, and non-steroidal anti-inflammatories (NSAID). Surgery is only 

considered if the location is amendable.2,60 Several combinations of these modalities 

have been explored.61–63  

The rationale for non-steroidal anti-inflammatory treatment in dogs with UC, as 

well as other carcinomas, is mainly due to direct COX2 suppression with subsequent 

decreased prostaglandin E2 (PGE2) production.64–69 The role of COX1 in canine UC is 

less clear, and it has a role in normal physiologic function, electrolyte maintenance and 

renal perfusion. In dogs, COX1 but not COX2 expression on normal bladder urothelium 

has been documented. However, neoplastic urothelium expresses both COX1 and 

COX2, though the role of COX1 remains to be elucidated.46 Cyclooxygenase-2 is known 

to participate in arachidonic acid metabolism thereby producing prostaglandins that may 

enhance proliferation and angiogenesis, as well as act as modulators of the immune 

system.66 Piroxicam, a non-selective COX inhibitor, was the first NSAID to be studied, 
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but it is believed that any appropriate COX-selective inhibitor should have a similar 

mechanism of action against urothelial carcinoma.38 In the original phase II study of 

piroxicam, the response rate in canine patients with UC was roughly 18% with a 

reported progression free interval of 4.3 months.70 The overall survival time in canine 

patients treated with an NSAID as a single agent is about 6 months which represents a 

feasible option for clients that are averse to more extensive therapies.70 Interestingly, in 

vitro work revealed that inhibition of tumour cell growth occurred at high inhibitory 

concentrations (IC50, >400µmol/L) at 72 hours after exposure. This was performed in 

multiple tumour cell lines including melanoma, soft tissue sarcoma, squamous cell 

carcinoma, and UC.  In a phase I study, serum piroxicam levels in the patients ranged 

from 2 to 33 µmol/L, far below the IC50 that was determined in vitro.70,71 In subsequent in 

vitro cytotoxicity assays at the attained serum drug concentration level (30 µmol/L), cell 

growth was inhibited by 0 to 6%.70 The exact underlying mechanism remains poorly 

understood, especially in terms of any direct cytolytic activity. However, decreases in 

plasma PGE2 levels, a known immunosuppressive hormone, were observed in patients 

achieving stable disease (SD), partial response (PR) or complete response (CR) in the 

study.70 In dogs with progressive disease (PD), marked increases in PGE2 production 

by monocytes were noted. Therefore, reversing immunosuppression created by tumour 

or monocytic PGE2 may play a critical role whereby piroxicam exerts its effect on 

patients with urothelial carcinoma. 

Combination systemic therapy has also been extensively studied in dogs. 

Combination of an NSAID with mitoxantrone, a synthetic anthracenedione, is commonly 

used as a first line therapy and had a measurable response rate of 33% (16 PR / 48 

total dogs).  However, measurable response occurred in 79% of dogs (1 CR, 16 PR and 

22 SD / 48 total dogs) with improvement in clinicals signs in 75%. The median 

progression free interval (PFI) was 194 days with a reported median survival time (MST) 

of 350 days.72 Cisplatin, an older generation platinum compound, has also been used to 

treat UC in combination with piroxicam and other chemotherapeutics in both dogs and 

humans.73 In humans, the remission rates reported are 17% to 40%, and a preliminary 
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study evaluating 14 dogs with combination cisplatin and piroxicam had a 71% biological 

response (2 CR, 8 PR).73 The combination had a significantly higher response rate than 

cisplatin alone. Renal toxicity was observed in 72% of these cases; however, there was 

no significant difference between the combined or single-agent groups in terms of 

frequency of nephrotoxicity. The study stated that renal toxicity was the dose-limiting 

toxicity which did not allow for continuation of the planned treatment protocol. Therefore, 

safer treatment options have been explored, including carboplatin. Carboplatin [diamine 

(1,1-cyclobutanedicarboxylato)-platinum(II)] is another platinum agent that is closely 

related to cisplatin. Carboplatin is also excreted via the kidney but is much less 

nephrotoxic in humans and dogs.74,75 Originally, carboplatin alone was employed for 

treatment of UC, with a progression free interval reported of only 41 days.75 A study of 

combined carboplatin and piroxicam in 31 dogs with 29 evaluated for response found 

that of the dogs evaluated, 38% (11 / 29 dogs) had a PR and 45% (13 / 29 dogs) had 

SD.76 Five dogs (17%, 5 / 29 dogs) unfortunately progressed. Increasing TNM stage 

was significantly and negatively correlated with survival. Prostatic involvement of the UC 

was also negatively correlated with survival. Toxicity was documented and was mainly 

gastrointestinal in origin. The median survival time was 161 days, which was similar to 

treatment with piroxicam alone in previous studies.71,76  The authors also stated that the 

comparative lack of efficacy was not unexpected given that in humans cisplatin appears 

to be more efficacious than carboplatin for UC.77 Further, a retrospective study 

evaluating doxorubicin combined with piroxicam in 34 dogs with UC with measurable 

disease in 23 dogs reported 14 dogs (60.5%) had SD and 2 (9%) had PR. Overall, the 

median progression free survival (PFS) and median survival time (MST) were 103 and 

168 days, respectively.78 Interestingly, 17 (50%) of the dogs in this study also had 

surgical excision, and this did not result in a prolonged PFS, but did improve overall 

survival. Five dogs (15%) also only received one dose of doxorubicin, which was due to 

adverse events (AE), death due to unrelated causes, or progressive disease, which may 

have also confounded the results.78 
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A phase III clinical trial was also pursued evaluating any differences in efficacy 

between combination NSAID with carboplatin or mitoxantrone and did not show 

significant differences treatment groups (p = 0.56).79 Response rate in the mitoxantrone 

group was 8% PR compared to the previous study of 2% CR and 33% PR.72,79 In the 

carboplatin group, a PR rate of 13% was observed compared to the previous study’s 

38% PR.76,79 The progression-free interval (PFI) was not significantly different between 

groups (mitoxantrone 106 days and carboplatin 74 days, p = 0.62). Similar to other 

studies, prostatic involvement was associated with a shorter survival time (p = 0.005).79 

Interestingly, despite no complete responses, patients exhibited a 75% – 90% clinical 

improvement based on owner questionnaires.  

Treatment with vinblastine, a vinca alkaloid, has also been utilized in canine UC 

patients. Initial work in vitro revealed potent anti-tumour activity against three canine UC 

cell lines.44 The IC50 of vinblastine was reported to be 0.007-0.015µM. Subsequent 

serum levels in dogs at standard dosages were well above this IC50 and considered 

therapeutic.80  In a prospective clinical trial, an overall response rate of 86% was 

achieved. A partial response was observed in 36% (10/28 dogs), stable disease in 50% 

(14/28) and progressive disease in 14% (4/28).81 The dosage administered was 3.0 

mg/m2 intravenously (IV) every 2 weeks until progression. Overall, the drug was very 

well tolerated, though 61% required dose reductions due to development of neutropenia 

(one grade 4 neutropenia82).81 Due to the high response rate (58%) in a prospective 

randomized trial, a combination of vinblastine and piroxicam has become a standard 

medical therapy for patients with UC.64 Other vinca alkaloids have been explored, 

especially in the case of refractory UC. Vinorelbine (5’-norhydro-vinblastine) is a third 

generation vinca alkaloid. Data from phase I clinical studies recommended a dosage in 

dogs of 15 mg/m2 weekly for four treatments followed by four treatments every 2 

weeks.83 Given data in people and murine models of UC, rationale for a prospective 

clinical trial was provided and explored in 2013.84,85 Thirteen dogs were included in this 

study, which included dogs that were deemed refractory to other standard-of-care 
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treatments. A median of 6 doses of vinorelbine were administered at the 

aforementioned dosage. Overall, 14% (2/13 dogs) had a partial response and 57% 

(8/13) continued with stable disease. A clinical benefit rate (improvement in clinical 

signs) was observed in 78% (11/13). The median survival in this group of dogs was 187 

days.86  

Gemcitabine, a deoxycytidine antimetabolite, has shown efficacy in human 

urothelial carcinomas, especially when combined with cisplatin.84,87 However, the use of 

gemcitabine in veterinary medicine (particularly in dogs) is relatively limited.88,89 In both 

studies, gemcitabine appeared well tolerated at a dosage range between 300 - 

800mg/m2.88,89  This lower dose may seem odd in comparison to some human clinical 

trials, but in at least one study of healthy Beagles receiving intravesicular gemcitabine, 

high doses exceeding 1,000 mg/m2 caused severe and dose limiting side effects 

including bone marrow hypoplasia, cystitis, and intestinal necrosis.90 In 2011, a clinical 

trial was pursued to evaluate the effect of combination piroxicam and gemcitabine 

therapy in dogs with UC. Thirty-eight dogs were treated at 800 mg/m2 per dosage on a 

weekly basis which was continued as long as it remained efficacious (i.e. lack of 

progression).91 Adverse effects were minimal overall, other than two episodes of 

nonfebrile neutropenia (grade 3) in two dogs, and thrombocytopenia (grade 3) in two 

dogs. In terms of tumour response, 37 dogs were evaluated with 5.4% (2/37 dogs) CR, 

21.6% (8/37) PR and 51.4% (19/37) SD. Both dogs achieving CR had small tumours 

(T1N0M0 and T2N0M0 based on the aforementioned WHO grading scheme). The MST 

with treatment was 230 days. For the dogs who had a PR, this response was durable 

for a median of 125 days. The durability of the SD response was not reported. The two 

CRs had prolonged control (575 – 1959 days after starting treatment). Many of the dogs 

with progressive disease were already refractory to other attempted therapies, which 

may have impacted response.91 Therefore, follow-up studies with gemcitabine therapy 

may need to be considered to further elucidate its potential role in canine UC, but this 

drug does appear to be well-tolerated.  
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Prospective clinical trials have been pursued in canine UC patients with 

metronomic chlorambucil, an alkylating agent. The utility of metronomic chlorambucil 

was evaluated previously in several tumour types including mast cell tumours, soft 

tissue sarcomas, thyroid carcinomas and histiocytic sarcomas, with notable but short 

responses.92 Despite the lack of use of metronomic chemotherapy in human UC, the 

rationale for its use in canine UC arose from the tolerability of this regimen in dogs as 

well as its potential responses observed in other cancers, as listed above.92 As well, the 

metronomic nature and its inhibitory functions on VEGF and T-regulatory lymphocyte 

(Treg) immune function was thought to halt tumour progression in a disease where lack 

of progression is a reasonable goal.93,94  In the 2013 study, 31 dogs with UC were 

enrolled for a metronomic schedule of chlorambucil (4 mg/mg2 orally every 24 hours). In 

twenty-nine of these dogs other therapies had been attempted and failed. Of the 30 

dogs where measurements were available, a single dog (3%) had a partial response, 

whereas 67% had stable disease for an overall biological response rate of 70%.95   

 Palladia® (toceranib phosphate), a multi-tyrosine kinase receptor inhibitor (TKI) 

known for its inhibitory effects on VEGFR, PDGFR, and KIT has also been explored in 

urothelial carcinoma, both as a single agent and in combination with vinblastine.96–98 In a 

retrospective study, single-agent toceranib provided a PR in 6.7% of 37 cases, though 

80% continued to have SD for a median duration of just under 130 days. It should be 

noted that a large proportion of dogs had received prior chemotherapy for their disease 

with a mean of 7 treatments prior to exposure to a TKI which may have selected for 

inherently aggressive or phenotypically diverse tumours.97 Roughly 56% of patients had 

progression of azotemia whilst on therapy and careful monitoring was recommended. 

Overall, the therapy was well tolerated as a single-agent providing yet another 

therapeutic option for patients with resistant disease.97 In a pilot study using 

combination toceranib/vinblastine for canine UC, three of five dogs experienced a 

biological response (PR in two and SD in one). The remaining dogs progressed. In a 

pilot study, vinblastine was given at a reduced dose of 1.6mg/m2 every three weeks with 

toceranib at a standard 2.5-2.75mg/kg on a Monday/Wednesday/Friday schedule. It 
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was concluded that despite combination therapy, the lack of improved response rates 

did not justify the potential for toxicity associated with such a protocol and was not 

further pursued.96    

 Combination therapy with NSAIDs, chemotherapy, and radiation therapy is not 

routinely utilized for canines with UC in many veterinary institutions and was first 

pursued as early as 2004.63  In this retrospective pilot study, 10 dogs underwent a 

hypofractionated radiation protocol prescribed as a total dose of 34.5 Gray (Gy) given 

once per week for six weeks (5.75 Gy per treatment) using a cobalt60 external-beam 

isocentric radiotherapy unit. Ninety percent of dogs in this study achieved a clinical 

benefit and resolution of their urinary clinical signs. However, partial responses were 

only observed in two of these dogs (20%) with a median survival time for all dogs 

reported of 326 days. In another study, a protocol administered in 10 fractions of 2.7 Gy 

over 12 days (total 27 Gy) was both well tolerated and provided a clinical response rate 

of 62% (1 CR, 7 PR, and 5 SD) in 13 dogs. Subjective improvement in clinical signs 

related to disease were observed in 10 of 13 dogs (77%).62 The MST from first 

treatment for all patients in this study was 150 days. Interestingly, those treated in the 

naïve setting had similar survival times to those in the rescue setting (150 days versus 

147 days, respectively).62  The utility of definitive-intent, intensity-modulated and image-

guided radiation therapy for genitourinary carcinomas of dogs was also evaluated in a 

study of 21 dogs with prostatic (10 dogs), urinary bladder (9 dogs), or urethral (2 dogs) 

UC. All dogs were treated with a total radiation dose of 54 – 58Gy delivered in 20 daily 

fractions. Overall, the protocol was well tolerated with about 1/3 of dogs experiencing 

grade 1 gastrointestinal toxicosis based on the VRTOG grading scheme of adverse 

events.99 Response rate to this protocol was 60% with 90% of dogs in this study 

achieving clinical benefit including improvement of clinical signs or lack of progression 

of clinical signs (if they were never present). The overall median survival time was 654 

days with a median event-free survival of 317 days.61 It should be noted that 

neoadjuvant therapy included NSAID, maximally tolerated dose (MTD) chemotherapy, 

and/or surgery prior to radiation therapy in variable numbers of patients. As well, the 
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specific delineation between UC of the prostate and prostatic carcinoma was not 

made.61 In a follow-up retrospective study, this degree of control and reported median 

survival times were confirmed in a larger number of patients.100  

 Regardless of the progress made with multimodality protocols, limited literature 

exists on the true defined response of an aggressive therapeutic approach. However, 

with the data that exists in dogs, the lack of complete or partial responses and lack of 

improvement in survival times in almost a decade calls for new therapeutic approaches. 

 

1.2.2 Human urothelial carcinoma 

Within the last 25 years, there have not been overt improvements in the 5-year 

survival rates in humans with UC. In the 1990s the 5-year survival rate in Norway was 

approximately 73%, which had not changed based on studies performed up until 2013.12 

In recent years, the gold-standard of care for muscle-invasive bladder cancer has been 

radical cystectomy and urinary tract reconstruction when possible, combined with 

neoadjuvant chemotherapy.101–103 This approach not only provides the most definitive 

therapy for these patients but has also resulted in a high global quality of life compared 

to normal healthy populations based on questionnaires.103 However, in roughly 50% of 

patients, disease progresses as metastatic lesions. These metastatic lesions are usually 

treated with traditional chemotherapy, or more recently, immunotherapy.104–106  

When surgical options are not feasible, radiation therapy is typically performed, 

either as a sole agent or as part of trimodal therapy (TMT). Trimodal therapy uses 

maximal and safe transurethral resection of the bladder tumour with adjunct 

chemoradiation of the tumour bed.107 In a 2017 study comparing the disease specific 

survival in both bladder-sparing TMT and radical cystectomy, the 5-year disease-

specific survival rate was similar between groups (76.6% and 73.2%, respectively) with 

no significant difference comparatively (p = 0.49).108 Trimodal therapy involves a 

transurethral removal of the bladder tumour (TURBT) followed by implantation of a 
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ethiodized oil used for targeting of the tumour bed for radiation therapy planning. 

Radiation is then delivered as daily intensity-modulated radiation therapy (IMRT) at a 

total dose of 46 Gy in 23 fractions with a boost dose delivered at 20 Gy in 10 fractions. 

Cisplatin chemotherapy (40mg/m2) is commonly administered as a radiosensitizer once 

per week during therapy.108 Several studies have compared and contrasted TMT to 

standard neoadjuvant chemotherapy combined with radical cystectomy. Patient 

selection appears to be important, though the successes of recent studies make TMT 

an attractive combined therapy option when radical cystectomy is not recommended.108–

111  

Prior to TMT therapy, radiotherapy alone or with concurrent / neoadjuvant 

chemotherapy with radiotherapy were also considered feasible options in people. A 

retrospective long-term outcome study in 2007 with 247 human patients with invasive 

bladder cancer reported 13% of cases with evidence of lymph node metastasis, and 

27% of cases unable to receive radical cystectomy due to the extent of tumour.112 The 

majority of these tumours were high grade (grade III) and were somewhere between 2 

cm to < 5 cm in size. Neoadjuvant chemotherapy was administered for 3-6 cycles with 

combination of methotrexate, vinblastine, doxorubicin and cisplatin, or methotrexate, 

vinblastine and cisplatin (MVAC or VMC, respectively). Radiation therapy was provided 

by irradiating the entire pelvis (40-41 Gy over 4 weeks, or 60-64 Gy in 30-32 fractions) 

with a boost dose to the bladder tumour in some cases (20-21 Gy over 2 weeks). 

Complete responses were seen in 63.5% of all patients. The 10-year overall survival 

and cause-specific survival rates were 19% and 35%, respectively. Younger age, lower 

T category and absence of in situ tumour were all significantly associated with 

increased survival.112  

Systemic chemotherapy remains pivotal in the treatment of bladder cancer in 

people. Numerous randomized clinical trials have proven the efficacy of platinum-based 

combinations in the neoadjuvant setting with prolonged survival achieved compared to 

local therapy alone.113 In comparison to cystectomy, the use of a combined 
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chemotherapy protocol involving some combination of methotrexate, vinblastine, 

doxorubicin and cisplatin reduced death risks by up to 33% and improved 10-year 

survival rates by 6% compared to local therapy alone.113–115  A recent meta-analysis 

demonstrated significant overall survival benefit with cisplatin-based neoadjuvant 

protocols (hazard ratio [HR], 0.87; 95% confidence interval [CI], 0.79-0.96).113 In many 

cases, complete responses are not achieved and instead tumour downstaging prior to 

local therapy appears to be a reasonable and effective goal.116,117 Similar to dogs, in the 

neoadjuvant setting complete responses are only achieved in about 10% of cases, 

whereas partial responses are much more common.116  

Adjuvant chemotherapy on the other hand, has been less commonly explored in 

people with few randomized clinical trials mainly due to slow patient accrual.118 A meta-

analysis of six randomized clinical trials in 2005 revealed a significantly reduced risk of 

death by 25% (HR 0.75, 95% CI 0.60-0.96) and improvement in 3-year survival of 

9%.119  

When metastatic disease is present at the time of diagnosis, chemotherapy is 

pursued. As early as the 1980s, cisplatin was used as an effective first-line 

chemotherapy in this setting.120 However in more recent years, the use of combination 

chemotherapeutic protocols have led to prolonged survival, even in the metastatic 

disease setting. In humans treated with MVAC in one study, compared to a cisplatin 

control arm, median survival times were 12.5 months compared to 8.2 months.121 

Similarly, objective response rates with MVAC are seen in up to 46% of cases.121–123 

The combination of gemcitabine and cisplatin does not prove to be superior to MVAC 

protocols, but was much less toxic than the MVAC protocol.87 In a study in 1999, up to 

35% of patients had a complete response to therapy and achieved a median survival 

time of 33 months.124 The utility of paclitaxel in combination with gemcitabine and 

cisplatin (PCG) has also been evaluated in Phase I and II clinical trials.125 The overall 

response rates were 77.6%, with 27.6% achieving a CR. Despite promising response 
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rates, a phase III follow-up trial demonstrated no differences in overall survival or PFS 

with PCG.126  

In the case of non-muscle invasive urothelial carcinoma or carcinoma in situ, 

Bacillus Calmette-Guerin (BCG) has become more common as a treatment modality. In 

some studies, BCG is considered the gold-standard of care for in-situ bladder 

carcinomas. BCG is a live-attenuated strain of Mycobacterium bovis and was first 

utilized in the 1970s for bladder tumours and is administered via an intravesicular 

route.127 Originally, this compound was developed in the 1920s as a vaccine for 

tuberculosis. BCG works mainly by promoting a dramatic local inflammatory response 

via influx of inflammatory cells and release of inflammatory mediators and cytokines. 

BCG is consumed by both urothelial cells and inflammatory cells (such as local tissue 

neutrophils and macrophages) which further contribute to the response. Ultimately, in 

the early response, neutrophils and macrophages will predominate but with the release 

of pro-inflammatory cytokines (Interleukin [IL]-1, -2, -6, -8, -12, TNF, IFN-γ, and GM-

CSF) a CD4+ T cell response prevails.128–130 Clinical response rates are 50 to 70% and 

when relapse occurs, it is within the first 5 years after treatment, leading to the 

recommendation of maintenance BCG therapy.131,132 BCG may be combined with 

TURBT, where six weekly doses of BCG are administered 2-6 weeks following TURBT. 

Maintenance BCG treatment is then recommended.131 Side effects may include low-

grade fever, and cystitis in up to 90% of patients, but in less than 5% of cases, overt 

sepsis and even death are possible.133,134  

Despite many therapies available for humans and dogs with UC, there is an 

obvious and continuing need for improved outcomes in these patients. These studies of 

BCG therapy were amongst the first to highlight the effects of the local immune 

response on tumour control and paved the way for exploration of the immunological 

landscape in muscle-invasive urothelial carcinomas.  
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1.3 PD-1 / PD-L1-mediated immunosuppression 

1.3.1 The PD-1 and PD-L1 immune interaction 

The immune system is traditionally thought of as an important and effective 

means for eradication of foreign invaders. In recent years, its role as an 

immunosurveillance mechanism, promoting self-tolerance, as well as aiding in tumour 

control have become pivotal in how we understand tumour immune biology. In a normal 

T cell response, an antigen-presenting cell (APC) will bind antigen via its major 

histocompatibility complex (MHC) and present it to a T cell via its T cell receptor (TCR) 

[Figure 1].  Through T cell receptor binding, this becomes the first signal required to 

initiate an immune response.  A second signal (or multiple signals) is generally required 

for co-stimulation (involving cluster of differentiation [CD] 28 and APC CD80/86), which 

ultimately results in T cell proliferation, cytokine release, and a very specific and robust 

immune-mediated response against a specific epitope. Co-stimulatory molecules such 

as CD137 and OX40 have been well-described in people.135,136  Co-stimulators not only 

assist with signal progression and ultimately an adequate T cell response, but also 

contribute to the maintenance of self-tolerance. One of these molecular complexes is 

the programmed-death receptor-1 (PD-1) and its ligand (PD-L1).137  A second ligand, 

PD-L2 as has also been described.  The PD-1 receptor is a transmembrane protein and 

is part of the B7-H1 immunoglobulin superfamily.138 It is present on many immune cells 

with a strong presence on the T lymphocyte subset. More specifically, Tregs in the 

tumour microenvironment harbour the protein and are important in tumour-specific 

immunity.139 PD-1 may also be present on T cells, B cells, monocytes, and natural killer 

(NK) cells.137 Once PD-1 has interacted with one of its ligands, T cells are prevented 

from progression through the G1 phase, effectively blunting the immune response 

[Figure 1].140 This is mainly mediated through SHP-1 and SHP-2 (causing 

phospholipase c [PLC] inhibition), as well as PI3K/AKT inactivation.141 Therefore, the 

effects of PD-1/PD-L1 binding are considered intrinsic due to the inherent attenuation of 

antigen-specific signals.142  
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Figure 1. Depiction of the activated co-stimulatory state; followed by the exhausted T-
cell state; and the effects of PD-1/PD-L1 blockade by therapeutic antibodies and their 

impact on the T-cell immune response. Created with BioRender.com 

 

Naïve T cells appear to have low PD-1 expression which can be significantly 

upregulated upon TCR binding to antigen.141 With this binding, the influx of calcium into 

the cell cytoplasm promotes JAK 1/JAK 2 binding, and calcineurin-mediated activation 

of nuclear factor of activated T cells (NFAT, and more specifically, NFATC1). This 

protein then moves to the nucleus, binds to the 5’ end of the PD-1 promoter and causes 

transcription of the PD-1 gene [Figure 2].142,143 B cell activity inhibition has also been 

found as PD-1 binding of PD-L1 prevents growth as well as intracellular transport of 

calcium which is an important process for downstream signaling and ultimately 

production of antibodies. In prevention of autoimmunity or immune-mediated diseases, 
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this control of the immune response may be seen as beneficial. This has been 

highlighted in mouse studies whereby genetic knock-out of the PD-1 gene resulted in 

significant autoimmune-related death (via immune-mediated myocarditis, type I 

diabetes, and systemic lupus).144–146 In chronic inflammation, PD-1 expression causes 

functionally exhausted T cells which are no longer able to proliferate or function in an 

immune response, protecting bystander cells. In a tumour-based setting though, this 

same mechanism leads to blockade of antitumour immunity allowing for disease 

progression.137 This has been highlighted in several tumour models including pancreatic 

cancer, where blocking antibodies against B7-H1 or B7-DC were administered to mice 

with inoculated human pancreatic cancer cells.147 Treatment with these blocking 

antibodies in vivo significantly decreased tumour growth. As well, cytokines such as 

IFN-γ were upregulated while interleukin-10 (IL-10) was downregulated. Both events are 

important for maintenance of CD4+ T-cell responses and regulatory T-cell activity.137,148  

Cancers will use these same immunoregulatory routes to further suppress the immune 

system, convert normal APCs to immunosuppressive Tregs, release 

immunosuppressive enzymes such as indoleamine-2,3-dioxygenase (IDO), and 

produce immunosuppressive cytokines such as transforming growth factor (TGF)-b and 

IL-10.149  
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Figure 2. Co-stimulatory pathways that activate PD-1 gene expression. In a normal 
immune response, T-cells are activated by the first signal (antigen binding) followed by 
potent and second co-stimulatory signal and lastly assisted by the presence of 
inflammatory cytokines. After antigen binding, phospholipase c-gamma (PLC) activates 
calcium channels from both the cell membrane and endoplasmic reticulum (ER) to 
increase intracellular calcium. PLC also concomitantly activates the Ras/Raf pathway. 
Co-stimulatory CD28/CD80 or 86 binding activates the PI3K/AKT pathway contributing 
to activation of NFATc1 (NFAT). Calcineurin dephosphorylates NFAT allowing its 
entrance into the nucleus and binding to its respective Pdcd1 transcription site. JAK 
signaling mediated by pro-inflammatory cytokine binding (IL-2, IFN, etc.) and co-binding 
with the transcription factor IRF9 binds to the transcriptional promoter and activates 
transcription of the PD-1 protein which is then transferred to the cell surface. Created 
with BioRender.com 
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1.3.2 Other immune checkpoints and their coreceptor influence on PD-1 / PD-L1 

PD-1 is not alone, and several other molecules are utilized by the immune 

system to keep immunoregulation under tight control (Table 3). However, as stated 

previously, the mechanisms behind this balance may be utilized by tumour cells to avoid 

immune detection. Of note, molecules such as T cell immunoglobulin and mucin 

domain-3 protein (TIM-3) and lymphocyte activation gene-3 (LAG-3) may be 

coreceptors to the process already initiated by the PD-1 and PD-L1 interaction.142  

TIM-3 is expressed on T cells; more specifically on T helper 1 (Th1) and cytotoxic 

T lymphocytes and especially those within the tumour microenvironment (TILs). TIM-3 is 

a type I transmembrane protein and has an intimate relationship with the activity of PD-

1.150 TIM-3’s natural ligand is galectin-9, a lectin molecule ubiquitous in animals and 

produced by many normal tissues and cancerous cells.151 Galectin-9 requires 

translocation to the cell surface and binding of this receptor-ligand complex results in 

suppression of cytotoxic T cells, reduced viability of NK cells and reduced IL-2 

production which functionally retards these same cells.152 The TIM-3 process is initially 

coordinated by cell-to-cell signaling mediated by the fibronectin leucine-rich 

transmembrane protein-3 (FLRT3) molecule, which binds to a G-protein coupled 

receptor latrophilin-1 (LPHN1). This signaling begins a cascade of events that includes 

PLC and subsequent production of diacylglycerol (DAG) and increases in intracellular 

calcium leading to SNARE recruitment to the membrane surface. In the interim, through 

the initiated PI3K / mTOR pathway, TIM-3 and Gal-9 mRNA are translated to functional 

protein complexes (Figure 3). The downstream effects of these complexes once again 

halt the production of IL-2, and inhibit NK cell-mediated killing and may ultimately lead 

to apoptosis of either of these cell types.151,152 This production of TIM-3 and galectin-9 is 

regulated by the mammalian target of rapamycin (mTOR).152 Recent studies in head 

and neck cancer both in vitro and in vivo have proven the upregulation of TIM-3 after 

PD-1 blockade.150,151 This highlights an intimate relationship whereby inherent failsafe 
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mechanisms exist to ensure a lack of autoimmunity, or in the tumoural setting, 

contribute to T cell exhaustion and immune evasion.  

 

Figure 3. The TIM-3-Gal-9 pathway. TIM-3 and Gal-9 mRNA is transcribed following 
cell-to-cell signaling through the fibronectin leucine-rich transmembrane protein-3 
(FLRT3) and G-protein couple receptor (LPHN1) interaction. Downstream, SNARE 
recruitment to the membrane surface translocates functional TIM-3/Gal-9 protein 
complexes and halts the production of IL-2, inhibits NK cell-mediated killing, and 
ultimately results in immune cell apoptosis. Adapted from Silva et al., 2017. Created 
with BioRender.com 

 

LAG-3 (CD223) is a type I transmembrane protein present on a multitude of cells 

including NK cells (where it was first described), T cells (CD4+, CD8+, and FOXP3+), B 

cells, dendritic cells, and tumour-associated macrophages (TAMs).153 CD4 and LAG-3 

share similar extracellular domains meaning that they may bind similar receptors (i.e. 
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MHC class II proteins) effectively deregulating the immune response.154 Intracellularly 

though, CD4 and LAG-3 are vastly different proteins highlighting their difference in 

regulation of the immune response. Other ligands may bind LAG-3’s extracellular 

domain including molecular proteins galectin-3 (gal-3), LSECtin, and fibrinogen-like 

protein 1 (FGL-1); all of which have been described on tumour cells or tumour-

associated stromal cells, and contribute to the exhausted T cell states of TILs.155–157 

Similar to PD-1/PD-L1, the transcriptional regulator NFAT plays a critical role in 

regulation of LAG-3 expression amongst other transcriptional factors such as thymocyte 

selection-associated high mobility group box protein (TOX), and nuclear receptor 

subfamily 4 (NR4A).153 In a combined antigenic response, the cytokines IFN-γ, IL-2, IL-7 

and IL-12 all appear to promote expression of LAG-3.153 Treg LAG-3 expression has 

been correlated with increases in IL-10 and TGF-b, both immunosuppressive cytokines, 

which further argues the role of Treg’s inhibitory effects on local immune cells.158,159 In 

combination with PD-1, this co-expressive relationship may further and more 

dramatically deregulate the anti-tumour immunity posed by CD8+ T cells.155–157,160 Using 

transgenic mouse models, specifically manipulating populations for either single-

knockout, or double-knockout (Lag3-/-, Pdcd1-/-) a clear synergistic effect of LAG-3 and 

PD-1 has been identified.161 Single-knockout of either gene, correlating with LAG-3 and 

PD-1 expression respectively, led to reduced but appropriate levels of immune 

tolerance, as observed in wild-type controls. However, when complete knockout mice 

were evaluated, complete loss of tolerance of CD4+ and CD8+ T-cells was observed.161 

Interestingly, in this same study, the use of both anti-PD-1 and anti-LAG-3 therapeutic 

antibodies in combination led to a 70% and 80% complete response rate in mice 

inoculated with Sa1N fibrosarcoma cells and MC38 colorectal adenocarcinoma cells. In 

comparison, similar mice treated either with an anti-PD-1 or anti-LAG-3 therapeutic 

antibody had much reduced response rates.161  
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The cytotoxic T lymphocyte antigen-4 (CTLA-4 or CD152) receptor is present 

constitutively on T cells, and more specifically FOXP3+ Tregs although CTLA-4 may be 

present on other forms of activated T cells.162 The immune inhibition mediated by CTLA-

4 is considered to be direct in that its high-affinity binding to CD80/86 in competition with 

CD28 blocks any potential co-stimulatory path with effective shutdown of the immune 

response.163,164 This is also thought to occur in the draining lymph nodes; where CTLA-

4 expressing Tregs remove the functional capacity of APCs to present their CD80/86 

molecules, thus reducing their ability to produce tumour-specific cytotoxic T cells.165 

Due to PD-1 signaling acting by an intrinsic but indirect mechanism, the response is 

thought to be slower and less profound than that of CTLA-4. The effects of CTLA-4 

binding ultimately lead to abrogation of IL-2 secretion (a potent and broad immune 

stimulant) by T cells. Similar to PD-1/PD-L1, intrinsic effects of CTLA-4 include blockade 

of the PI3K, NFkB and MAPK pathways ultimately resulting in cell cycle arrest.166–168  In 

this way, PD-1 and CTLA-4 share a common inhibitory mechanism whereby PI3K 

activity is abrogated, and cell survival programs are also inactivated (normally mediated 

through Bcl-xL expression).169 Clinically, synergism has been proposed between these 

two mechanisms. Utilizing CTLA-4 blockade to modulate T-cell activation and reverse 

Treg immunosuppression, along with PD-1 blockade to inhibit the effects of effector T-

cell and enhance NK cell activity, may provide a multifaceted approach to reversing 

tumour immune-suppression, which could result in more dramatic and prolonged tumour 

responses for patients (Figure 4).166,170,171  
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Figure 4. Blockade of both CTLA-4 and PD-1 with their relative contributions to the anti-
tumour immune response. Created with Biorender.com 

 

1.3.3 The PD-1 pathway and tumour microenvironment in cancers 

Research surrounding the tumour microenvironment has been pivotal to our 

understanding of tumour immune escape, treatment failure, and ultimately progression 

of disease. There is tremendous interplay between many cells in the microenvironment 

including stromal cells, fibroblasts, endothelial cells, and immune cells such as T cells 

(especially Tregs), B cells, NK cells, and tumour-associated macrophages (TAMs).172  

PD-L1 has been shown to be present on a wide variety of cell types including lung cells, 

vascular endothelium, fibroblasts, liver cells, mesenchymal stem cells, astrocytes, 

neuronal cells and keratinocytes.173–175 This expression pattern extends the possibility of 

non-immune cells in the tumoural microenvironment abrogating the immune response. 
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In several studies, this has been demonstrated by the higher expression of these 

checkpoint molecules detected on tumour cells directly.176,177 In general, both CD4+ T 

helper cells and CD8+ cytotoxic T cells secrete cytokines that favour tumour destruction 

including IFN-γ, tumour necrosis factor (TNF)-a, IL-17, and IL-2.141 Tregs, in contrast, 

are the main contributors to an immunosuppressive microenvironment by releasing 

cytokines such as IL-35, TGF-b, and IL-10 which may impinge antitumour immunity.141 It 

also appears that myeloid derived suppressor cells (MDSCs) and other dendritic-like 

cells have the capability in the tumour microenvironment to suppress the immune 

system via reactive oxygen species thereby destroying cytotoxic T cells.178  VEGF-A, a 

molecule with known proangiogenic function that is released by tumour cells into the 

microenvironment has also been shown to enhance expression of PD-1 and other 

checkpoint molecules.179 VEGF-A has a role in Treg proliferation and MDSC 

proliferation, both of which act to further suppress the immune microenvironment. This 

finding generates the possibility combining anti-angiogenic drugs with checkpoint 

inhibitors for greater efficacy in VEGF-A producing tumours.179 As well, growth factors 

such as platelet-derived growth-factor (PDGF), stem cell factor (SCF), and FMS-like 

tyrosine kinase-3 (FLT3) appear to have a role in PD-1 expression with blockade of 

these receptors decreasing PD-1 expression in T cells.180  

 Cytokines play a pivotal role in the maintenance of PD-1 activity. Cytokines such 

as IL-2, IL-7, IL-15, IL-21, and TGF-b may induce PD-1 expression on their own.181,182 

Whereas IL-12 and IL-6 enhance PD-1 expression after TCR binding of antigen by 

stimulating STAT3/STAT4 activity. IL-12 and IL-6 cannot do this on their own, and 

require several other factors such as NF-kB.141 Tumour cells themselves may express 

PD-L1 and binding of this ligand to its receptor has been correlated with increased IFN-

γ activity, causing inactivation of local tissue T cells allowing for immune escape.137 In 

melanoma cells, the effect of IFN-γ on PD-L1 and PD-L2 signaling has been well-

described.183 Interferon released by immune cells (T cells, macrophages, others) will 

bind to interferon receptors (IFNGRs) which subsequently trigger JAK/STAT pathway 
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phosphorylation, nuclear IRF1 transcription, and production of the PD-L1 protein which 

is recruited to the tumour cell surface.183 In this way, tumour infiltrating immune cells and 

Tregs play a critical role in immune evasion by tumour cells with upregulation of these 

checkpoint molecules and their ligands. Immune cells (i.e. T cells, B cells and dendritic 

cells) themselves may express their own PD-L1 under profound inflammation as a 

counterregulatory mechanism to reduce autoimmunity and clinically impactful 

inflammation. PD-L1 can also be expressed on tumour cells directly as previously 

described.184,185 To further complicate matters, constitutive expression of PD-1 on 

human cancer cells alongside PD-L1 has been demonstrated.186,187 This means that 

autocrine activity and binding of PD-1/PD-L1 is possible, and tumour cell-cell 

interactions may effectively lead to a phenotype capable of continued immune escape. 

 

1.4 Immunotherapeutic landscape in humans and canines 

1.4.1 Immunotherapies in human cancers 

Monoclonal antibodies (mAbs) targeting either CTLA-4 or PD-1 (or PD-L1) have 

recently become one of the most influential therapeutic developments in human cancer 

therapy. Studies have also evaluated the prognostic role of these markers, especially in 

nasopharyngeal carcinoma and non-small cell lung cancers.188,189  

CTLA-4 was the first immune checkpoint target in human oncology to have a 

therapy clinically approved.190 Tremelimumab was one of the first mAbs developed for 

CTLA-4 blockade and was originally utilized in patients with metastatic melanoma. 

Studies performed in melanoma patients treated with tremelimumab showed marked 

reduction in tumour progression.190 In these initial phase I and II clinical trials with 

tremelimumab, patients had response rates upwards of 30% (including stable disease) 

which were importantly durable responses lasting over 1000 days. Follow-up phase III 

studies revealed survival rates were improved from chemotherapy alone arms, with 2- 

and 3-year survivals of 26.4% and 20.7%, respectively.191  
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Ipilimumab (anti-CTLA4) was the first FDA approved immune checkpoint therapy 

and was initially approved for use in metastatic melanoma, non-small cell lung cancers, 

renal carcinoma and bladder cancers. In melanoma patients treated with ipilimumab, 

evaluation of TILs demonstrated elevations in the effector T cell:Treg ratio proving a 

functional reversal of tumour immune suppression.192 The mechanisms behind this Treg 

destruction appear to be associated with antibody-dependent cell-mediated cytotoxicity, 

or direct NK cell-mediated destruction of local Tregs.193,194 The overall response rate in 

the initial ipilimumab melanoma study was 13%, though more importantly, extended 

survival was shown in patients that responded to therapy.195 In a follow-up clinical trial, 

ipilimumab and a gp100 peptide vaccine were compared (gp100 alone versus gp100 

combined with ipilimumab versus ipilimumab alone).196 Significant improvements in 

overall survival of over 10 months were observed in any arm including ipilimumab 

compared to 6.4 months with vaccination alone. The 2- and 3-year survival rates 

exceeded 25% and were essentially double what was observed in the vaccination alone 

arm. When compared to chemotherapy alone (dacarbazine), combination ipilimumab 

and dacarbazine improved overall survival in metastatic melanoma patients as well (9 

months versus 11 months).197  

Following the success of CTLA-4 checkpoint inhibitor therapies, many clinical 

trials were initiated for these and an entirely new generation of checkpoint inhibitors 

targeting the aforementioned targets and receptors in cancers. Therapeutic mAbs 

against immune checkpoints have since been utilized in other tumours such as 

melanoma, non-small cell lung cancers (NSCLC), lymphoma, renal cell carcinoma, 

squamous cell carcinomas (head and neck), colorectal carcinomas and ovarian 

cancers.198–202  

Nivolumab was one of the first mAbs to target PD-1 and was evaluated for dose 

safety in patients with melanoma, non-small-cell lung cancer, prostate cancer, renal cell 

carcinoma, and colorectal carcinomas. An all-comer phase I clinical trial revealed 
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responses approaching 30% in melanoma patients, 18% in patients with NSCLC and 

27% in renal carcinoma patients.203 In roughly two-thirds of the patients that responded 

in this trial, response rates lasted greater than one year. The benefit of anti-PD-L1 

therapy was further documented in a follow-up phase III randomized clinical trial against 

standard chemotherapy (docetaxel) in NSCLC patients.204 Also termed CheckMate 057, 

this pivotal study demonstrated significant survival benefit in patients with pre-treated 

NSCLC compared to the docetaxel group. 

Pembrolizumab, a mAb targeting PD-1 specifically, also gained early FDA-

approval for NSCLC in patients with histologically PD-1 or PD-L1 positive tumours. In 

initial phase I studies, overall response rates in NSCLC patients were upwards of 20%, 

with a median overall survival time of one year.205  Patients with tumours with greater 

than 50% PD-L1 staining histologically had improved metrics for response and survival 

compared to those with lower expression patterns.  Similar to nivolumab, a phase III 

randomized clinical trial revealed significantly improved overall response rates, PFS, 

and overall survival times compared to patients who received docetaxel.206 It should be 

noted, however, that all patients enrolled had tumours that were PD-L1 positive 

histologically, which may have led to bias when attempting to compare therapeutic 

mAbs in the studies listed above.   

Atezolizumab was one of the first PD-L1-specific mAbs to be developed and has 

been used in a large number of cancers. A large randomized clinical trial (1137 patients) 

compared atezolizumab and docetaxel in NSCLC patients with no improvement in 

overall response rate or progression-free survival; however, overall survival was 

improved. Even more profound was that atezolizumab still provided a significant overall 

survival benefit in NSCLC patients, regardless of their PD-L1 tumour status.206   

Originally utilized as a second line therapy for treatment-resistant cancers, 

checkpoint inhibitors are now being implemented as first-line therapies either alone or in 

combination with other therapies (ie. chemotherapy or radiation therapy).207–211 An 

adjustment has been made in the way patient’s response to therapy is monitored. 
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Classically, response evaluation criteria in solid tumours (RECIST) criteria was the 

standard of care, but in 2017 modification for patients receiving immunotherapy was 

proposed (iRECIST 1.1).212 Compared to the traditional RECIST criteria, iRECIST 

accounted for two atypical responses seen in immunological-based therapies: 

hyperprogression and pseudoprogression. In brief summary, the standard RECIST 

criteria list the following responses: complete response (CR) is defined as 

disappearance of all target lesions, partial response (PR) is defined as at least a 30% 

reduction in the sum of the diameters of the target lesion using the baseline sum of 

diameters as a reference, and progressive disease (PD) is at least a 20% increase in 

the sum of diameters of target lesions taking the smallest sum on study as the reference 

point (the sum of these must also be an increase of at least 5mm, or evidence of a new 

lesion is considered progression); stable disease (SD) was defined as the insufficient 

shrinkage or growth to qualify for either PR or PD.213 Alternatively, in iRECIST, 

pseudoprogression is defined as increases in size of the lesions, or visualization of new 

lesions with a response that follows. Given the potential for this delayed response, 

iRECIST proposed a new classification of unconfirmed disease progression (iUPD). In 

cases where pseudoprogression is suspected, the next imaging should be less than 8 

weeks later to evaluate for true progression or potential resolution of the lesions.212 The 

best overall response (iBOR) is the best response from study start until the end of 

treatment. With certain checkpoint inhibitors (i.e. CTLA-4), with known potential for 

delayed responses, the iBOR may still be evaluated weeks or months after 

discontinuing therapy.212 Hyperprogression was first described in 2016, where small 

subsets of patients receiving immune therapy (PD-1/PD-L1 therapy specifically) 

developed rapid progression of their disease.214 The incidence is low in most tumours 

and is based on meeting 3 of 5 criteria based on RECIST and quantifying tumour 

growth rate over a short but defined period (usually less than 2 months).215 Several 

potential mechanisms have been proposed including compensatory upregulation of 

alternative immune checkpoints, induction of an M2 macrophage (anti-inflammatory) 

tumour type that contributes to tumour growth and metastasis, and even induction of 

cancer stem cells.215 
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In summary, immunotherapy with mAbs targeting immune checkpoints has vastly 

expanded the knowledge of tumour behaviour, immunology, and immune-related 

signaling. Multiple therapies have been developed (Table 4) with many more being 

tested for approval in clinical trials. Based on present knowledge, it is possible that the 

combination of direct cell kill by current therapies (chemotherapy, radiation, 

immunotherapy), and abrogation of the immunosuppressive tumour milieu will continue 

to improve the survival in patients (human and canine) with various cancers.  

 

1.4.2 Immunotherapies in human urothelial carcinoma 

In the last section, the multitude of checkpoint inhibitors used for a vast number 

of cancers was discussed and as mentioned in a previous section, the first idea 

surrounding immunogenicity of bladder tumours was the treatment with intracavitary 

BCG.127–130,216  Since then, urothelial carcinomas have been considered to be 

immunogenic tumours based on their high mutational burden (i.e. production of 

proposed neoantigens), the presence of large numbers of TILs, tumour-associated 

macrophages (TAMs) and DCs histologically, and the response of UC to BCG and more 

recently immune checkpoint blockade.217–219  

 Atezolizumab was amongst the first of checkpoint inhibitors to gain FDA approval 

in 2016 for the treatment of bladder cancer in humans.220–222 In these initial studies, a 

immunohistological staining pattern of roughly 5% for PD-L1 was a cut-off to be treated 

with atezolizumab. The response rate was 14.8% with low PD-L1 expressors having a 

lower response (9.5%) compared to high PD-L1 expressors (26%). Prolonged 

responses were seen in 84% (n=38) of the group that responded (45 out of 310) with a 

median follow-up time of 11.7 months. Adverse effects were observed including 

gastrointestinal, lethargy, or pruritus as the most common.220 In a follow-up study 

evaluating the combination of atezolizumab with combination platinum-based 

chemotherapy compared to monotherapy with either atezolizumab or platinum-based 

chemotherapy, the median overall survival and median progression-free survival were 
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both significantly improved by roughly 2-3 months. Most striking, was the ability for 

atezolizumab to improve overall survival on its own, compared to the single-agent 

platinum group.223 Nivolumab (anti-PD1) was also evaluated and FDA approved in 2017 

as a second-line therapy for refractory UC.224,225 The overall response rate was roughly 

20% and tumour PD-L1 expression did not correlate significantly with overall response. 

However, the median survival time in patients with high PD-L1 expression (>1%) was 

roughly double that of the low-expressors (<1%). Avelumab was also given FDA 

approval in patients with locally progressive or metastatic UC following treatments other 

than platinum agents. The median survival time was significantly improved by 7 months 

in the JAVELIN Bladder 100 clinical trial but was compared to supportive care control 

arms only.226 Despite the proposed benefit, the high degree of infusion reactions (23%), 

fatigue (12%), autoimmune adverse events (11.6%) and one tumour-related death led 

to approval only as a second-line therapy in UC. Combinations of avelumab are 

currently being explored with other therapies such as radiation therapy and other 

targeted therapies.208  

Pembrolizumab (anti-PD1) was FDA approved for UC in 2017 after a phase III 

randomized clinical trial revealed a median overall survival increase of three months 

compared to the standard-of-care chemotherapy treatment arm (10.3 months vs. 7.4 

months, p = 0.002).227 The response rate was also higher for the pembrolizumab group 

when compared to chemotherapy alone group (21.1% vs. 11.4%, p = 0.001). The 

degree of expression of PD-L1 on tumour cells and infiltrating immune cells (low vs. 

high groups) did not significantly impact the response rate. As well, side effects were 

much less common in the pembrolizumab group compared to the chemotherapy treated 

arm (15% vs. 50%).227 Durvalumab (anti-PD-L1) was evaluated in 2017 for its effects in 

UC patients who had previously received a platinum-containing agent and had 

progressed.228 An overall response rate of 31% was observed, with higher response 

rates in PD-L1 positive tumours and immune cells (median 46% vs 0%). Interestingly, 

22% of PD-L1 negative tumours responded to therapy.228  
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 Little is currently known about the utility of adjuvant therapy with immune 

checkpoint inhibitors post-surgery or radiation therapy. However, several of these 

studies have been ongoing and will soon begin publishing their data. Immune 

checkpoint inhibitors have also been proposed in the neoadjuvant setting and many 

clinical trials are still ongoing. In a small number of patients with TURBT procedures for 

their stage T2-T4a UC, three cycles of pembrolizumab were administered in the 

neoadjuvant setting. In this small study, 42% of patients had pT0 tumours after excision, 

and 86% of patients had downstaging of their tumours indicating a correlative benefit in 

neoadjuvant therapy.229,230 However, these results are new and follow-up trials are 

indicated to determine the true benefit of immune checkpoint inhibitors in the 

neoadjuvant setting for UC. In patients with metastatic UC, a phase 2 study was 

conducted to evaluate the combination of gemcitabine and cisplatin plus ipilimumab. 

The overall response rate was 69% with 17% of those patients exhibiting a complete 

response.231 

 Combination therapy has been proposed for patients with UC given the observed 

benefit in single-agent studies. Many trials are in their early phase; however, some 

recent data suggests potential benefit and synergistic effects when chemotherapy is 

utilized as an adjuvant to anti-PD-1 therapy in patients with NSCLC.232 In this particular 

study, the overall response rate was roughly double that of the chemotherapy control 

arm (19% vs. 11%, p = 0.004). Since CTLA-4 and PD-1 lead to inhibition of the 

PI3K/AKT pathway, ultimately leading to reduced IL-2 production, it seems feasible that 

a combination of an anti-CTLA-4 and anti-PD-1 therapy could provide added and/or 

synergistic therapeutic benefit. Only phase I and II trials have been conducted at this 

point with combination ipilimumab and nivolumab; though in the cohort of patients with 

locally progressive or metastatic bladder cancer, response rates of 38% were achieved 

compared to roughly 25% with nivolumab alone. Survival was also almost doubled in 

patients who received combination therapy with a median duration of response of 

greater than 22 months in all arms.233  
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 PD-1 and PD-L1 expression in UC appears to be highly variable but has been 

reported in roughly 20 to 30%.234 With some of the aforementioned therapeutics, overall 

response rate may be associated with percent-positive staining patterns, and this has 

been correlated prognostically as well for overall and progression-free survival. 

However, recent evidence suggests that there is a high variability of histologic staining 

or genetic variation dependent on the immunoassay used, and antibody variant used for 

detection which may lead to large discrepancies between studies and the related 

assays (either molecular or histological).235,236 

 The recognized immunotherapeutic landscape for cancers, and more specifically 

bladder cancer has changed dramatically over the last 30 years. Originally, BCG 

provided insight that bladder tumours were immunologically responsive. Histologic 

analysis of normal and abnormal human bladders confirmed the presence of many 

immune cells. Now, the utility of immune checkpoint inhibitors has improved the 

response and overall survival rates for bladder cancer patients. What remains to be 

elucidated is what combination therapies should be utilized and when they should be 

initiated.  

 

1.4.3 Immunotherapies in canine cancer 

Limited literature exists in canines in regard to immune checkpoint therapy. 

However, dogs are excellent large animal models of immunotherapy and cancer, as 

many of the same immune markers (PD-1, TIM-3, LAG-3, CTLA-4) have been 

described in dogs.237 One notable difference is the expression of CD4 in canine 

neutrophils which is not documented in humans.238 In 2007, the first documentation of 

detectable expression and development of a monoclonal CTLA4-immunoglobulin was 

published.239 Following this report, several groups began evaluating the presence of 

PD-L1 and other immune checkpoints in canine cancers. Confirmation of the 

conservation of the PD-1 and PD-L1 genes in dogs was documented in 2014.240 PD-1 

and PD-L1 had roughly 75.7% and 86.2% genetic homology, respectively, with that of 



 

 

33 

 

human. This same group generated PD-1 and PD-L1 recombinant antibodies and 

evaluated expression in canine melanomas, mast cell tumours, renal cell carcinoma, 

mammary carcinoma, and hepatocellular carcinomas. Enhanced expression of PD-L1 

was observed after IFN-γ treatment of all melanoma cell lines and mast cell tumour cell 

lines.  Canine peripheral blood mononuclear cells exposed to the derived PD-L1 

antibody resulted in significantly enhanced IFN-γ production compared to those treated 

with a control antibody, highlighting the intimate relationship between this cytokine and 

PD-L1.240 Another study evaluated the presence of PD-1 and PD-L1 

immunohistologically in canine tumours and with flow cytometry in cell lines from 

malignant melanoma, osteosarcoma, mammary tumours, mast cell tumour, and 

lymphoma with and without treatment with IFN-γ.241 Only 1 of 6 melanoma cell lines had 

detectable expression of PD-L1, but this was increased to 5 of 6 after stimulation with 

IFN-γ. PD-L1 was found to be expressed mainly intracellularly, but concomitantly on the 

cell surface of some cell lines. When evaluating histologic samples in the same study, 

the majority of melanoma, mammary carcinoma, and all of the lymphoma samples 

expressed PD-L1. Other tumours such as hemangiosarcoma and soft tissue sarcoma 

had variable expression. Canine tumour and macrophage PD-L1 expression was found 

to be increased following IFN-γ treatment, including a single UC cell line produced at 

the Colorado State University College of Veterinary medicine; once again, highlighting 

the importance of IFN-γ and the feedback cycle associated with PD-L1 expression.242  

In 2016, PD-1 and CTLA-4 expression was evaluated in canines with histiocytic 

sarcoma. In this study, patient’s peripheral blood lymphocytes were evaluated. The 

expression of CTLA-4 on CD4+ and CD8+ T lymphocytes was significantly increased in 

patients with histiocytic sarcoma compared to healthy controls. The expression of PD-1 

was also significantly increased on CD8+ lymphocytes in the histiocytic sarcoma group 

compared to controls.243 Another group confirmed PD-1 expression on canine T cells, 

as well as the effects of abrogation of the PD-1 receptor. In this study, both healthy 

dogs and dogs with cancer were evaluated.244 Roughly 5% and 25% of CD4+ and CD8+ 

T cells, respectively were positive for PD-1 in healthy dogs. In dogs with cancer, 
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expression of PD-1 by CD4+ and CD8+ T cells was roughly double that of the healthy 

control group. In this study, T cell suppression was reversed and T cell-associated IFN-

γ production was decreased when PBMCs were co-cultured with cancer cells and 

exposed to the PD-1 antibody. Spontaneous TIL activation after using PD-1 blocking 

antibodies on cultured tumour fragments was also observed.244 PD-1 and CTLA-4 

expression has also been evaluated in dogs with lymphoma. In this study, flow 

cytometry confirmed upregulated expression of PD-1 on CD4+ peripheral lymphocytes 

and TILs in dogs with lymphoma compared to controls. As well, CTLA-4 on CD4+ 

peripheral lymphocytes and TILs in dogs with lymphoma was observed.245 Another 

study clearly defined PD-L1 expression in B cell lymphoma cell lines and the 

downregulation of expression patterns by utilizing MEK inhibitors (RDEA119 and 

AZD6244).246 

Two groups have developed PD-1 and PD-L1-specific monoclonal antibodies in 

dogs, one of which reported clinical data in patients with cancer.247,248 In the 2017 pilot 

study, a canine-chimerized anti-PD-L1 antibody (c4G12) was developed and used in 

nine dogs with neoplasia. One dog (14.3%, 1/7) with melanoma and one dog (50%, 1/2) 

with an undifferentiated sarcoma had partial responses to the treatment.248 

Enhancement of IL-2 production was documented in PBMCs from healthy dogs in vitro 

post c4G12 treatment. Regulators of PD-L1 expression, CMTM4 and 6 have also been 

documented in canine melanoma and osteosarcomas. Genetic knockdown of these 

regulators in cell lines led to significant reductions in PD-L1 expression in a recent 

study.249 The only study that appears to directly evaluate immunologic marker 

expression in canine urothelial carcinoma was a study from 2019 evaluating chemokine 

receptor 4 (CCR4) blockade.250 In this study, histologic samples were evaluated for 

Treg presence and migration mediated by CCR4. FOXP3+ Tregs were significantly 

increased in dogs with UC compared to normal healthy dogs (intratumoural and 

peritumoural). As well, PD-1 and TIM-3 were present on lymphoid cells and IL-10 (a 

known immunosuppressive cytokine) was elevated in dogs with UC compared to 

healthy controls. Treg infiltration in tumoural samples also correlated with a shorter 



 

 

35 

 

disease-free- and overall survival.250 In this same study, 14 dogs were treated with 

mogamulizumab (a human anti-CCR4 therapy) and piroxicam and were compared to a 

group of UC dogs treated with piroxicam alone. Out of 14 dogs treated with 

mogamulizumab, 71% (10) had a PR and 29% (4) had SD versus 14% (2) PR, and 64% 

(9) SD in the piroxicam group. The median progression-free survival and median 

survival time in dogs treated with piroxicam alone compared to the combination was 76 

days, 189 days, 241 days and 474 days, respectively.   

CTLA-4 and PD-L1 have been evaluated in feline tumours as well. In two feline 

studies, both elevated serum CTLA-4 and PD-1 levels compared to healthy controls, as 

well as higher protein and mRNA expression from mammary tumour samples were 

significantly associated with increased metastasis and a poorer prognosis.251,252 In feline 

tumours, PD-L1 expression was much higher in HER2-positive samples. Gene 

sequencing was also performed on feline samples and identified heterozygous 

mutations in the PD-L1 gene in exon 4 and 5.251 Both interstitial lymphocytes and 

tumour cells were positive for CTLA-4.252 More recently, PD-L1 and CTLA-4 were 

evaluated in canine mammary carcinoma and both gene and protein expression was 

associated with metastatic risk and shorter survival times.253 PD-L1 remained an 

independent prognostic factor in this particular study. In 2021, the cross-reactivity and 

function of approved human immune checkpoint inhibitors was evaluated in dogs, given 

their high homology.254 In this study, it appeared that atezolizumab was the only 

therapeutic to provide both in vitro and in vivo evidence of efficacy; resulting in 

increased relevant cytokine production, especially in dogs with lymphoma. Only one dog 

in this study had a genitourinary-based tumour (prostatic carcinoma), though did have a 

documented response. Whole exome sequencing and RNA-sequencing, evaluating 

both oncogenic driver genes, druggable target genes and a group of immune genes has 

only recently been performed in 11 canine UC tumour samples.255 In the samples 

evaluated, missense mutations were present in 92% of the protein-coding somatic 

variants. The BRAF V596E mutational variant was identified in 70% of the samples in 

this study. Enriched gene expression profiles of E2F targets, G2M checkpoints, the 
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mitotic spindle and MTOR were all identified when compared to normal bladder tissue 

gene expression. From an immune marker perspective, the CD8+ T effector gene 

signature (human-based and applied to these canine patients) provided differentiation of 

immunologically “hot” tumours compared to “cold.” With the “hot” tumours, being more 

strongly responsive to immune checkpoint-inhibition in humans (high mutational burden, 

high IFN-γ expression, high lymphocytic infiltration). Both subsets were identified within 

these 11 patient samples. Interestingly, tumour mutational burden had no impact on 

“hot” or “cold” status in this small group of samples. However, their final conclusion was 

that the subset of patients in this study exhibiting immunologically “hot” gene signatures, 

may in fact be the patients that would exhibit clinical benefit from checkpoint 

inhibitors.255  

 

1.5 Objectives and hypotheses 

Little data currently exists on the expression profile of immune checkpoints in dogs 

with UC. Therefore, the work described herein represents both a laboratory and clinical 

evaluation of PD-1 and PD-L1 in canine UC.  

Our main objectives included: to evaluate the expression of PD-1 and PD-L1 on 

canine urothelial carcinoma cell lines via western blot, flow cytometry, confocal 

microscopy, and RT-PCR. In clinical patients, we aimed to measure the expression of 

PD-1 on peripheral blood and urinary lymphocytes in dogs with UC, cystitis and healthy 

controls. We also aimed to measure the level of multiple cytokines related to the 

expression of PD-1 in dogs with UC, comparing those with cystitis and healthy controls. 

Lastly, we aimed to evaluate and compare the level of FOXP3+ T regulatory cells, CD4+ 

and CD8+ T cells in the blood and urine of these groups.  

We hypothesized that the urothelial carcinoma cell lines would express both PD-1 

and PD-L1 when evaluated by the above modalities. In the clinical patients, we 

suspected that PD-1 would be significantly upregulated in dogs with UC and that the 
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cytokine expression patterns would support an immunosuppressive microenvironment 

when compared to healthy controls. Lastly, we hypothesized that a significant increase 

in T regulatory cells in the serum and urine would support an immunosuppressive 

phenotype in the UC patients compared to either the cystitis or healthy control dogs. 

 

 

1.6 Tables 

Table 1. TNM classification system for canine urothelial carcinoma.7 

T: Primary Tumour 
   Tis   Carcinoma in situ 
   T0    No evidence of primary tumour 
   T1    Superficial papillary tumour 
   T2    Tumour invading the bladder wall, with induration  
   T3    Tumour invading neighbouring organs (prostate, uterus, vagina, and  
            pelvic canal) 
 
N: Regional lymph node (internal and external iliac lymph node) 
   N0    No regional lymph node involved  
   N1    Regional lymph node involved 
   N2    Regional lymph node and juxtarregional lymph node involved 
 
M: Distant metastases 
   M0   No evidence of metastasis 
   M1   Distant metastasis present 
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Table 2. TNM classification system for human urothelial carcinoma. 

Primary tumour (T) 
  TX   Primary tumour cannot be assessed 
  T0    No evidence of primary tumour 
  Ta    Non-invasive papillary carcinoma 
  Tis   Carcinoma in situ: ‘flat tumour’ 
  T1    Tumour invades subepithelial connective tissue 
  T2    Tumour invades muscularis propria 
        pT2a   Tumour invades superficial muscularis propria (inner half) 
        pT2b   Tumour invades deep muscularis propria (outer half) 
  T3    Tumour invades perivesical tissue 
        pT3a   Microscopically 
        pT3b   Microscopically (extravesical mass) 
  T4    Tumour invades any of the following: prostatic stroma, seminal vesicles, uterus, 
vagina, pelvic wall, abdominal wall 
        pT4a   Tumour invades prostatic stroma, uterus, vagina 
        pT4b   Tumour invades pelvic wall, abdominal wall 
 
Regional lymph nodes (N) 
   NX   Lymph nodes cannot be assessed 
   N0    No lymph node metastasis  
   N1    Single regional lymph node metastasis in the true pelvic (hypogastric, 
obturator, external iliac or presacral lymph node metastasis) 
   N2    Multiple regional lymph node metastasis in the true pelvis (hypogastric, 
obturator, external iliac or presacral lymph node metastasis)  
   N3    Lymph node metastasis to the common iliac lymph nodes 
 
Distant metastasis (M) 
   M0    No distant metastasis 
   M1    Retroperitoneal lymph nodes and distant metastasis 
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Table 3. Immunologic receptors and their ligands. Adapted from Seidel JA et al., 2018. 

Receptor Cell Expression Ligand(s) Ligand-expressing cells 
Programmed cell 
death protein 1 (PD-1) 

CD4+ and CD8+ T cells 
(activated/exhausted), DCs, 
monocytes, mast cells, 
Langerhans cells 

PD-L1, PD-L2 APCs, CD4+ T cells, 
non-lymphoid tissues, 
some tumours 

T-lymphocyte-
associated protein 4 
(CTLA-4) 

CD4+ and CD8+ T cells 
(activated/exhausted), some 
tumours 

CD80, CD86 APCs 

Lymphocyte-
activation protein 3 
(LAG-3) 

CD4+ (Treg and exhausted) 
CD8+ T cells, NK cells 

MHC class II, 
LSECtin 

APCs, liver cells, some 
tumours 

T-cell 
immunoglobulin and 
mucin-domain 
containing-3 (TIM-3) 

CD4+ (Th1, Th17, Treg 
cells), CD8+ T cells, DC, 
NK cells, monocytes, 
macrophages 

Galectin-9, 
Ceacam-1 

Endothelial cells, 
apoptotic cells, some 
tumours 
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Table 4. Current mAbs available in humans. Adapted from Kocikowski M, et al. 2020. 

Drug Checkpoint 
Target 

Cancer Approval (EU/US) 

Pembrolizumab 
 

 Melanoma Approved 

Nivolumab 
 

 Melanoma, NSCLC Approved 

Dostarlimab 
 

PD-1 Endometrial cancer Review 

Cemiplimab 
 

 Cutaneous SCC Approved 

Toripalimab  Unresectable or metastatic 
melanoma with failure to 

previous therapy 

Conditional in China 

Atezolizumab 
 

 Bladder cancer Approved 

Avelumab PD-L1 Merkel cell carcinoma 
 

Approved 

Durvalumab  Bladder cancer Approved 

Ipilimumab 
 

 
CTLA-4 

Metastatic melanoma Approved 

Tremelimumab 
 

 Melanoma, mesothelioma, 
NSCLC 

Failed in trials 

Balstilimab with 
Zalifrelimab 

PD-1, CTLA-4 Relapsed or refractory 
metastatic cervical cancer 

FDA fast track 
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2.1 Highlights 

- PD-1 and PD-L1 protein and mRNA expression were documented in canine UC 

cell lines 

- Cell-intrinsic PD-1 expression was consistently higher than PD-L1 in these 

canine UC cell lines 

- Higher cell-intrinsic PD-1 may have implications for future therapeutic strategies 

in canine UC 

 

2.2 Abstract 

Urothelial carcinoma (UC) is the most common urinary tumour in dogs and despite 

combinational therapies, only modest improvements in survival have been achieved in 

recent years. Given the utility of monoclonal antibodies against PD-1 and PD-L1 in 

human UC, we evaluated the protein and mRNA expression in three established canine 

urothelial carcinoma cell lines. Flow cytometry and western blot analysis confirmed cell 

line expression of both molecules in varying degrees. Reverse transcription PCR (RT-

PCR) documented mRNA expression in all three cell lines for both PD-1 and PD-L1. 

Fluorescence microscopy was consistent with strong PD-1 and PD-L1 expression in the 

canine cell lines and was in line with previous human literature. Importantly, the flow 

cytometry work described in this study revealed higher cell intrinsic PD-1 expression in 

these cell lines which may have implications for tumour behavior and potential treatment 

opportunities in the future. Further work is necessary to determine the expression 

patterns in canine UC and potential for benefit with immunotherapy directed against PD-

1 and PD-L1.   

 

2.3 Introduction 

Urothelial carcinoma (UC) is the most common urinary tumour in dogs and it 

genetically and phenotypically mimics muscle-invasive urothelial carcinoma (MIUC) in 
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people. The disease typically manifests as a localized mass, more commonly located at 

the trigone of the urinary bladder in dogs, with a metastatic risk of roughly 58%.2,5,7 

Despite therapy with non-steroidal anti-inflammatories, chemotherapy, radiation therapy 

or a combination thereof, the median survival time in dogs has only modestly improved 

with a range of six months to up to two years depending on the therapeutic approach. 

Also, there is a lack of effective therapies in the rescue or metastatic disease 

setting.7,61–63,70 In people, the 5-year survival rate of MIUC had also not changed since 

the 1990s until the recent introduction of trimodal therapy (TMT) consisting of 

transurethral removal of the bladder tumour followed by chemotherapy and radiation 

therapy.107,108 However, for people with non-resectable, metastatic or treatment-failure 

MIUC the utilization of immune checkpoint inhibitors has provided significant 

improvements for patients that were otherwise untreatable or had a very poor 

prognosis.220,224,227,228  

The programmed death ligand-1 (PD-L1) and its receptor, programmed death 

receptor 1 (PD-1), are well-described immune checkpoint molecules and part of the B7-

H1 immunoglobulin superfamily.138 PD-1 is mainly expressed on the T lymphocyte 

subset during times of immune stimulation and may also be present on B cells, 

monocytes, and natural killer (NK) cells.137 PD-L1, in contrast, is present on a number of 

different cell types including immune cells (T and B cells, monocytes, other myeloid 

cells) but also a number of non-immune cells (such as epithelial and endothelial 

cells).256 Once initiated, ligand and receptor binding stimulate a downstream cascade 

that ultimately leads to immunosuppression and immune tolerance. This pathway is 

inherently important to ensure a lack of autoimmunity in an immunogenic response but 

cancers utilize this same mechanism, evading the response and causing further 

immune suppression within the tumour microenvironment. Cancer cells may also use 

these molecules to convert active immunogenic lymphocytes to immunosuppressive 

regulatory T cells (Tregs) and to release immunosuppressive enzymes such as 

indoelamine-2,3-dioxygenase (IDO) alongside immunosuppressive cytokines.149  
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There is only limited literature regarding immune checkpoints in dogs. Dogs are an 

excellent animal model and have highly conserved PD-1 and PD-L1 when compared to 

their human counterparts with recent studies evaluating cross-reactivity and functionality 

of human immune checkpoint inhibitors against canine immune checkpoints.254 As well, 

protein expression of PD-L1 has been documented in canine lymphoma, melanoma, 

mast cell tumour, renal cell carcinoma, mammary carcinoma, and hepatocellular 

carcinoma.237,240,257 PD-L1 has been demonstrated in canine cancer cell lines treated 

with interferon-gamma (IFN-γ) and in histological samples of canine lymphoma, 

malignant melanoma, osteosarcoma, mammary tumour, mast cell tumour, and 

histiocytic sarcoma, as has PD-1 in circulating lymphocytes in dogs with cancers.243,257 

A single canine UC cell line was among the 14 cancer cell lines evaluated for PD-L1 

expression after IFN-γ treatment in one study.242 Immune checkpoint inhibitor treatment 

with monoclonal antibodies directed at PD-L1 and PD-1 have been developed in 

humans but are still in the initial stages in veterinary medicine with only small pilot 

studies utilizing a canine-chimerized anti-PD-L1 antibody.247,248 Recently, this anti-PD-

L1 antibody was utilized in dogs with metastatic melanoma with prolongation of survival 

compared to historical controls.257 Interestingly, PD-L1 expression was evaluated in 

several canine cancers via immunohistochemistry with 20 UC samples showing >50% 

positivity for PD-L1 with an internally developed antibody.257 PD-1 mRNA expression is 

also well-documented in human UC.186 The literature has focused on expression of the 

ligand PD-L1; however, given concomitant expression, there are missed opportunities in 

the literature investigating both PD-1 and PD-L1 expression in cancer.186,187 Whole 

exome-sequencing and RNA-sequencing was recently performed on bladder tumours in 

dogs, confirming phenotypically distinct subsets of immunologically hot / cold tumours 

that may differentially respond to anti-PD-1/PD-L1 therapy; highlighting the complex 

immune landscape of urothelial carcinoma shared between humans and dogs.255  

Therefore, the goals of this study were to evaluate the expression of both PD-1 

and PD-L1 on canine UC cell lines. To the authors’ knowledge this is the first time that 

canine urothelial carcinoma cell lines have been investigated for both PD-1 and PD-L1 
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expression. We hypothesized that the UC cell lines would express PD-L1 in contrast to 

limited expression of PD-1. Given the potential benefit of future anti-PD therapy in 

canine UC, the specific aim of our study was to evaluate the expression of PD-1 and 

PD-L1 in three well-established canine UC cell lines by determining both protein and 

gene expression.  

 

2.4 Materials and Methods 

2.4.1 Cell Lines 

Canine UC cell lines K9TCC-PU AxA, K9TCC-PU Sh, and K9TCC (kindly 

provided by Dr. Deborah Knapp at Purdue University) were evaluated.44 A human 

breast cancer cell line, MDA-MB-231, was used as a positive control for flow cytometric 

and immunoblotting purposes.258,259 All cells were cultured in Dulbecco’s Modified Eagle 

Medium (DMEM) with the addition of 10% fetal bovine serum (FBS) and 100 U/mL 

penicillin/streptomycin (Thermo Fisher Scientific, Massachusetts, USA). Cells were 

plated and maintained in a humidified incubator at 37oC with 5% CO2.  All cell lines at 

the lowest passage were tested negative for mycoplasma spp. prior to experimentation.  

 

2.4.2 Immunoblotting 

PD-1 unconjugated antibody (Novus Biologicals clone 4F12) and PD-L1 

unconjugated antibody (eBioscience clone MIH1) were utilized for immunoblotting 

based on previous validation by the Bienzle lab at the Ontario Veterinary College 

(unpublished). All cell lines were grown in the culture conditions above until confluence 

was achieved. Protein harvest was performed by use of a complete lysis buffer (Cell 

Signaling Technology, Massachusetts USA) containing 20 mM Tris-HCl (pH 7.5), 150 

mM NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% Triton-X 100, 2.5 mM sodium 

pyrophosphate, 1 mM b-glycerophosphate, 1 mM sodium orthovanadate, 1 µg/mL 
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leupeptin, 1 mM PMSF, 2 µg/mL aprotinin, and 1% phosphatase inhibitor cocktail II. 

Protein concentrations were evaluated via a Bradford assay and a bovine serum 

albumin (BSA) standard curve. Given the reported heavy glycosylation of PD-L1260,261, 

deglycosylation was performed with a commercial deglycosylation kit (New England 

BioLabs, Massachusetts, USA). Briefly, 30 µg of glycoprotein was mixed with 

appropriate volumes of denaturing buffer and water. The glycoprotein was denatured at 

100oC for 10 minutes. A mixture of 10X glycobuffer 2, 10% NP-40 and water was 

added, alongside PNGase F. The samples were mixed gently and incubated at 37oC for 

1 hour. Lysates were resolved by 10% reducing sodium dodecyl sulfate polyacrylamide 

gel electrophoresis using 25-30 µg of protein, followed by a wet transfer to a 

polyvinylidene difluoride membrane. The membranes were blocked in 2.5-5% skim milk 

in Tris-buffered saline/Tween (TBST) or 5% BSA (Wisent Bioproducts, Quebec, 

Canada) in TBST. After washing, the membranes were incubated with primary 

antibodies (PD-1; 1:1000 dilution or PD-L1; 1:1000 dilution) overnight. After repeated 

washes, membranes were then incubated with secondary antibodies conjugated to 

horseradish peroxidase for chemiluminescence imaging. Experiments were run in 

technical triplicate.  

 

2.4.3 Immunofluorescence 

K9TCC-AxA, K9TCC-Sh, and K9TCC cell lines were seeded on 22 mm 

borosilicate glass coverslips (Thermo Fisher Scientific), fixed with 4% paraformaldehyde 

(Electron Microscopy Sciences, Hatfield, Pennsylvania), permeabilized with 0.1X Triton 

X solution (Thermo Fisher Scientific) in phosphate-buffered saline (PBS) and blocked 

with 5% BSA.  Cells were separately incubated with PD-1 (4F12; Novus Biologicals), 

PD-L1 (eBioscience clone MIH1), diluted 1:100 in BSA, blotted on parafilm and left 

overnight at 4oC. CD62L (Biorad clone FMC46) and CD3 (IgM)/CD8 (IgG1) (Biorad 

clones IF4/OX8) were used as isotype controls for PD-1 and PD-L1, respectively. Alexa-

488-conjugated goat anti-mouse IgG (H+L) (Thermo Fisher Scientific) was used as the 
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secondary antibody (1:500, 1 hour at room temperature). Cells were counterstained with 

300 nM 4’,6-diamidino-2-phenylindole dilactate (Thermo Fisher Scientific) for 1 hour. 

Cover slips were mounted with DAKO fluorescent mounting medium (Agilent 

Technologies, Santa Clara, California). Slides were imaged with the Leica DMLB 

fluorescent microscope (Wetzlar, Germany) using the 40x lens and analyzed with 

ImageJ. Exposure settings were matched between PD-1/PD-L1 and their respective 

isotype controls. Experiments were run in technical duplicate.   

 

2.4.4 Flow cytometric assessment of PD-1 and PD-L1  

All cell lines were harvested from culture using 0.25% trypsin/1 mM EDTA 

(Wisent Bioproducts) and counted using a Countess (Thermo Fisher Scientific) 

automated cell counter. Cells were subsequently washed with FACS buffer for several 

washes and incubated with their respective antibodies.  For detection of the expression 

of PD-1 on the cell surface, PE-conjugated PD-1 (4F12) diluted following the 

manufacturer’s instructions or matched isotype control CD62L (FMC46) were added 

and incubated at 4oC for 15-20 minutes. Similarly, to detect the expression of PD-L1 on 

the cell surface, PE-conjugated PD-L1 (MIH1) diluted following the manufacturer’s 

instructions or matched isotype control CD3/CD8 (IF4/OX8) were added and incubated 

at 4oC for 15-20 minutes. To evaluate only viable cells, 7-AAD viability dye 

(eBioscience, California, USA) was added to gate out the dead cells. The cells were 

evaluated on a BD Accuri C6 flow cytometer (BD Biosciences, New Jersey, USA) at 

6.0– 8.0 x 104 events per group. Data was analyzed using FlowJo Software (Oregon, 

USA) and run as technical triplicates (Figure 7). A graph was created to compare the 

relative percent expression compared to isotype irrelevant control (gate set at <1% 

positive cells) and generated in GraphPad Prism v.9 (GraphPad, San Diego, CA).  
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2.4.5 Reverse Transcription polymerase chain reaction (RT-PCR) 

RNA was isolated from canine UC cell lines using an Aurum Total RNA Mini Kit 

(Biorad, California, USA). The original RNA concentration was measured using a 

Nanodrop 2000c (Thermo Fisher Scientific) and the purity of extracted RNA confirmed 

to be in the range of 1.8 – 2.2 as determined by absorbance ratios of A260/A280. RNA 

was transcribed to cDNA using the iScript Reverse Transcription Supermix (Biorad, 

Ontario, Canada). Evagreen-based PCR (SSofast; Bio-rad, California, USA) was 

performed using the primer sets in Table 5 which were designed based on the canine 

GenBank sequences or previous reports.246 Nucleotide sequences were confirmed 

using NCBI BLAST for comparison of other known sequences. RT-PCR was performed 

in a CFX-96 Real-Time System (BioRad) under the following cycling conditions: (1) 

initial denaturation and enzyme activation at 95oC for 2 minutes, followed by 40 cycles 

of (2) denaturation at 95oC for 5 seconds, (3) annealing and extension at 60.9oC (PD-1) 

or 60.1oC (PD-L1) for 5 seconds, and (4) final denaturation at 95oC for 5 seconds. 

Visualization was then performed using a 1% agarose gel to ensure appropriate size of 

the amplified product. The hypoxanthine-guanine phosphoribosyltransferase (HPRT) 

gene was used for reference. 

 

2.5 Results 

All three canine UC cell lines (K9TCC-PU AxA, K9TCC-PU Sh, and K9TCC) 

utilized in this study expressed PD-1 and PD-L1 to varying degrees compared to the 

positive control (MDA-MB-231). Immunoblotting confirmed the presence of PD-1 protein 

expression (Figure 5a) on all cell lines. The molecular mass of the PD-1 protein was 

roughly 45 kD. Deglycosylated PD-L1 was also recognized on all cell lines with a 

molecular mass of roughly 32 kD (Figure 5b).  
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Protein expression of PD-1 and PD-L1 was quantified by the percent positive 

cells via flow cytometry. K9TCC-PU AxA had a lower expression of both PD-1 and PD-

L1 in comparison to the K9TCC-PU Sh and K9TCC lines. The mean percent expression 

of each cell line is provided numerically in Table 6 and graphically in Figure 6. 

Interestingly, the percent cells positive for PD-1 in all cell lines was elevated in 

comparison to PD-L1 expression. Among the UC cell lines, K9TCC-Sh had the highest 

degree of expression of both PD-1 and PD-L1.  

Immunofluorescence was performed to further confirm and locate cellular 

expression of PD-1 and PD-L1 on tumour cells. Isotype negative controls showed no 

positive staining for the respective antibodies of interest. All cell lines showed strong 

membranous and cytosolic expression of PD-1 (Figure 8 A-C). Both K9TCC and 

K9TCC-PU Sh showed distinct membranous and cytosolic localization of PD-L1, 

whereas localization was less clearly defined for K9TCC AxA (Figure 8 D-F).  

RT-PCR was performed for qualitative assessment of the expression of PD-1 

and PD-L1 in the UC cell lines. mRNA expression was detectable in all samples (Figure 

9) suggesting that these canine UC cell lines ubiquitously express both PD-1 and PD-L1 

which corroborates the protein expression described in Figure 5.  

 

2.6 Discussion 

Immune checkpoint therapy is becoming increasingly important in understanding 

the interactions of immune cells and cancer within the tumour microenvironment. In fact, 

immune evasion of cancer cells remains one of the hallmarks of cancer.262 Therefore, 

immune checkpoint inhibitor therapy is an attractive agent for many types of cancers 

and particularly highly immunogenic cancers (such as UC).218,219  
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Our study provides the first evidence in canine tumour cell lines of cell-intrinsic 

PD-1. We believe further work is needed to begin to evaluate PD-1 expression in 

tumour tissues as a standard methodology, alongside PD-L1. Tumour-cell intrinsic PD-1 

expression may have therapeutic implications and only heightens the utility of anti-PD1 

therapies such as pembrolizumab or nivolumab in human MIUC. As the veterinary 

immunotherapeutic repertoire has begun to form in recent years, the addition of cell 

intrinsic PD-1 analysis provides impetus for novel monoclonal antibody therapies. In 

humans, even patients with low PD-L1 expression have documented responses to anti-

PD1 therapies and it is possible that direct PD-1 blockade may have therapeutic benefit 

by re-establishing tumour suppressor mechanisms.187,263  

We demonstrated both protein and gene expression of PD-1 and PD-L1 in canine 

UC cell lines. PD-1 and PD-L1 protein expression were both present in canine UC cell 

lines in varying degrees based on flow cytometry and immunoblot analysis. PD-1 has 

been previously described to be intrinsically up-regulated in neoplastic cells as a 

secondary immune escape mechanism and may have a role in an anti-tumour 

suppressor mechanism.186,187,264  This expression has been documented in melanoma 

and hepatocellular carcinoma (HCC) cells in humans.265 Recent studies of HCC cell 

lines and tissue samples have shown distinct subpopulations of tumour cells express 

cell-intrinsic PD-1 that promotes tumour progression (thought to be related to signaling 

associated with the mTOR pathway).265 Subjectively, K9TCC-Sh and K9TCC cell lines 

grew more rapidly in cell culture compared to K9TCC-PU AxA, with both K9TCC-Sh and 

K9TCC having higher expression of PD-1 and PD-L1. Given the evidence in humans of 

the potential correlation of PD-1 with growth promotion, a similar effect may have been 

demonstrated by the canine UC cell lines in the laboratory setting.  

Our immunofluorescence work showed both membranous and cytosolic 

expression of the PD-1 and PD-L1 protein which corroborates previous human literature 

and immunohistochemical studies.266–268 It appears that cytoplasmic PD-L1 is recruited 

to the membrane surface where the PD-1/PD-L1 interaction occurs.268 Cytosolic 

expression has also been correlated with a poor prognosis and shorter disease-free 
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survival in thyroid carcinomas of humans.269 Chemotherapy treatment in vitro may also 

affect the expression of membrane PD-L1 and has been evaluated previously in MDA-

MB-231 breast cancer cells.270 This type of interaction could be evaluated in dogs due 

to its potential implications for therapy when caninized immune checkpoint inhibitors 

become available.  

This study was descriptive and has inherent limitations. A previous group 

evaluated canine tumour histologic samples including UC and found the positive 

staining patterns for PD-L1 exceeded 50% which is in contrast to our study where PD-

L1 expression was lower compared to PD-1.29 This difference may be related to the 

antibody used in the current study or may be reflective of the individual cell lines 

utilized. Since cell lines are a homogeneous clonal outgrowth of a heterogenous 

tumour, it is possible that the particular cells used in our study may have represented a 

population of tumour cells with lower PD-L1 expression and does not represent the 

entirety of the original tissue heterogeneity. Additionally, it is possible that continuous 

cell passages may have affected expression patterns over time in these particular cell 

lines. The PCR was qualitative in this study. Given the evidence of gene expression 

presented, further work is needed to determine factors that impact gene expression of 

PD-1 and PD-L1 in canine UC.  

In summary, our work has shown both protein and gene expression patterns of 

PD-1 and PD-L1 in three canine UC cell lines. We have validated the use of two 

separate antibodies for cell culture-based work. We have also provided the first 

evidence of tumour cell-intrinsic PD-1 in canine UC cell lines and propose that further 

work be pursued to elucidate tumour cell-intrinsic PD-1 expression in canine tumours. 

Both PD-1 and PD-L1 could be attractive targets in canine UC and further work is 

needed both in vitro and in vivo to determine the potential therapeutic benefits of anti-

PD therapy.    
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2.10  Tables 

Table 5: PCR Primers 

Gene Forward (5’ -> 3’) Reverse (5’ -> 3’) Predicted 
size 

Reference / NCBI 
Ref No. 

PD-1 ACAGGCAAAGCTG
GAGTG 

GCTTCTGAGTGTTCG
TGGAA 

206 bp Kumar et al.246  

PD-L1 GAGTTGGTCATCC
CAGAACG 

AGACAGAAAGTGACT
GCCAGG 

113 bp NM_001291972.1 

HPRT AGATGGTCAAGGTT
GCAAGC 

AGTCAGGTTTATAGC
CAACACTTC 

66 bp NM_001003357.1 
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Abbreviations: PD-1, programmed death receptor 1; PD-L1, programmed death ligand 1; HPRT, 

hypoxanthine-guanine phosphoribosyltransferase.  

 

 

 

Table 6: Mean percent expression of PD-1 and PD-L1 on cell lines evaluated by flow 
cytometry. 

Cell Line PD-1 expression 

(Mean + SEM) 

PD-L1 expression 

(Mean + SEM) 

K9TCC-PU AxA 

 

16.23% (± 8.83) 7.75% (± 3.68) 

K9TCC-PU Sh 

 

36.13% (± 11.95) 14.74% (± 8.48) 

K9TCC 

 

27.43% (± 11.36) 15.96% (± 7.37) 

MDA-MB-231 

 

52.00% (± 19.14) 63.97 (± 8.61) 

Abbreviations: PD-1, programmed death receptor 1; PD-L1, programmed death ligand 1; SEM, 

standard-error of the mean 
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2.11 Figures 

 

Figure 5: Immunoblots of PD-1 (A) and deglycosylated PD-L1 (B) in three canine UC 
cell lines (K9TCC-PU AxA, K9TCC-PU Sh, K9TCC) and positive control (MDA-MB-231). 
PD-1 was recognized at ~45 kDa, deglycosylated PD-L1 was recognized at ~32 kDa. 

 

Figure 6: PD-1 and PD-L1 expression on canine UC cell lines (K9TCC-PU AxA, 
K9TCC-PU Sh, K9TCC) and a human breast cancer cell line (MDA-MB-231). Antibodies 
were matched with irrelevant isotype antibodies and then analyzed by flow cytometry. 
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Figure 7: PD-1 and PD-L1 expression shown as histograms from a single replicate run. 
Isotype irrelevant antibody control is presented in the light gray histogram. PD-1 or PD-
L1 expression is provided as the dark gray histogram overlay. 
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Figure 8: Immunofluorescent detection (green) of PD-1 expression in K9TCC-PU AxA 
(A), K9 TCC (B) and K9TCC-PU Sh (C) and detection of PD-L1 expression in K9TCC-
PU AxA (D), K9 TCC (E), and K9TCC-PU Sh (F), respectively. Both cytosolic and 
membranous staining was observed. Isotype irrelevant antibody controls are depicted in 
the bottom-left corner of each image. Isotype controls and samples were exposure 
matched.  
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Figure 9: Agarose gel visualization of amplified PCR products from canine UC cell lines 
(K9TCC-PU AxA, K9TCC-PU Sh, K9TCC). Amplified PD-L1’s predicted size of 113 bp 
was confirmed in all cell lines. Amplified PD-1’s predicted size of 206 bp was confirmed 
in all cell lines. The HPRT reference gene was also confirmed and of appropriate size in 
all cell lines at 66 bp.  
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2.12  Supplemental Figures 

 

Figure 10: Gating strategy performed on all cell lines. Gates were set at <1% positive 
cells for the isotype irrelevant antibody controls for all runs. Singlets were isolated 
based on forward scatter (FSC) and side scatter (SSC). Percent positive cells were 
isolated based on negative 7-AAD staining, followed by the percent positive PD-1 or 
PD-L1 set based on an unstained negative control.  
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3.1 Abstract 

Urothelial carcinoma (UC) is the most common urinary tumour in dogs. Despite a 

range of treatment options, prognosis remains poor in dogs. In people, breakthroughs 

with checkpoint inhibitors have established new standards of care for muscle-invasive 

bladder cancer patients and elevated levels of PD-1 suggest immune checkpoint 

blockade may be a novel target for therapy. The goal of this study was to determine if 

canine UC patients express elevated levels of lymphocyte-specific PD-1 and/or urinary 

cytokine biomarkers compared to healthy dogs. Paired blood and urine were evaluated 

in ten canine UC patients, five cystitis patients and ten control dogs for lymphocyte-

specific PD-1 expression via flow cytometry and relative cytokine expression. In UC 

patients, PD-1 expression was significantly elevated on CD8+ lymphocytes in urine 

samples. UC patients had a higher CD4:CD8 ratio in their urine compared to healthy 

dogs, however there was no variation in the CD8:Treg ratio between any group. Cystitis 

patients had significantly elevated levels of CD4+ T cells, CD8+ T cells, and Tregs in 

their blood samples compared to UC patients and healthy dogs. Cytokine analysis 

demonstrated significant elevations in urinary cytokines (GM-CSF, IFN-g, IL-2, IL-6 IL-7, 

IL-8, and IL-15, IP-10, KC-like, IL-18, MCP-1, and TNFa). Several of these cytokines 

have been previously correlated with both lymphocyte-specific PD-1 expression (IFN-g, 

IL-2, IL-7, and IL-15) in muscle-invasive urothelial carcinoma in humans. Our results 

provides evidence of urinary lymphocyte PD-1 expression and future studies could 

elucidate whether veterinary UC patients will respond favorably to anti-PD-1 immune 

checkpoint inhibitor therapy. 

 

3.2 Introduction 

Urothelial carcinoma (UC) is the most common urinary bladder tumour of dogs and 

represents roughly 1-2% of all canine neoplasms.2 Local disease control is imperative 

for patient survival although metastasis is seen in up to 58% of cases.2–5 Treatment with 

local radiation therapy and/or systemic therapy with chemotherapy and non-steroidal 



 

 

61 

 

anti-inflammatories has been evaluated in dogs with urothelial carcinoma over the last 

decade.7,61,63,72 Unfortunately, despite the plethora of single-agent and combination 

therapies attempted, only modest response rates between 8-35% have been achieved 

with the majority of those dogs experiencing cessation of tumour growth for 6-8 months. 

Radiation therapy with a hypofractionated protocol (total dose of 34.5 Gy in six 

fractions) in combination with chemotherapy provided a clinical benefit in 90% of dogs, 

though partial responses were only seen in 22%.63 Definitive-intent radiation therapy 

(54-58 Gy in 20 fractions) in dogs with genitourinary carcinomas provided response 

rates up to 60%, with 90% of dogs achieving clinical benefit.61 Survival benefit with 

definitive-intent intensity-modulated radiation therapy (IMRT) was confirmed more 

recently in a larger retrospective study with an overall survival time of 510 days 

reported.100 

Canine urothelial carcinoma has also been proposed as an excellent translational model 

for the human muscle-invasive form of the disease.5,35,36,38,43,271 Gold-standard therapy 

in humans involves a combination of radiotherapy, surgical tumour debulking 

(transurethral resection), and chemotherapy (trimodal therapy) with a 5-year survival 

rate of approximately 75%.108 The utility of immunotherapy for treatment of bladder 

tumours was first discovered with the advent of intravesicular Bacillus Calmette-Guerin 

(BCG) for superficial carcinomas of the bladder (sUC) in humans.127,272,273 Based on its 

high mutational burden, and histologic patterns of tumour-infiltrating lymphocytes (TILs), 

tumour-associated macrophages (TAMs) and dendritic cells, UC is considered a highly 

immunogenic tumour.217–219 The ratio of intra-tumoural effector to regulatory T cells is 

correlated with recurrence in human bladder patients.274 Therefore, immunotherapy may 

prove to be an effective treatment option for human and canine patients with UC.   

 The programmed death receptor (PD-1) and its ligand (PD-L1) have been 

studied in human cancers with several reports also in canine cancers; revealing that 

canines appear to be an excellent immunological model for the disease.237,240–

246,248,249,253,275 The PD-1 receptor is a transmembrane protein that is part of the B7-H1 

immunoglobulin superfamily and is present on many immune cells. In particular, PD-1 is 
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commonly expressed on T lymphocytes.139 T regulatory cells (Tregs) are an important 

subset to include in immunological oncology studies as they help regulate tumour-

specific immunity and have been correlated with a poorer prognosis in human 

studies.276,277 In veterinary studies, the level of Treg infiltration into tumour tissue has 

potentially correlated with survival in canine UC.250,278,279 By binding to PD-1 on 

lymphocytes and other immune cells with its ligand (PD-L1 or L2), T-cells are prevented 

from progressing through the G1 phase of the cell cycle and the immune response is 

blunted.42,43,44  The subsequent release of immunosuppressive cytokines including 

transforming growth factor (TGF-b) and IL-10 results in upregulation of other immune 

checkpoint molecules, leading to further anti-tumour immune suppression.149  

 A range of cytokines and chemokines, in particular IL-4, IL-8, IL-10, granulocyte-

macrophage colony-stimulating factor (GM-CSF), and interferon gamma-induced 

protein 10 (IP-10) are expressed at significantly higher thresholds in high-grade and 

recurrent UC in humans in both blood and urine.280 Urinary IL-6, IL-8 and IL-10 have 

also been proposed as possible markers for detection of UC when compared to healthy 

controls, as well as the ratio of IL-6/IL-10 for predicting tumour recurrence.280–283 In 

people, cytokines also appear to have a role in treatment success with checkpoint 

inhibitors.284–286  Interestingly, interferon gamma (IFN-g) mRNA profiles appear to 

predict clinical response to PD-1 blockade in human patients with melanoma, providing 

evidence that cytokine levels may be correlated with PD-1 levels.287 To the authors’ 

knowledge, the evaluation of urinary and serum cytokines and their relation to the 

expression of immune checkpoint receptors (PD-1) has not been evaluated in canine 

patients with UC. 

 In humans, innovations in novel checkpoint inhibitor therapies have expanded 

the treatment offerings alongside standard of care; especially in patients with non-

resectable or metastatic muscle-invasive UC. The PD-L1 monoclonal antibody 

atezolizumab resulted in an approximately 40% clinical benefit rate as a single agent.220 

Additional studies have similarly documented improvements in disease specific survival 
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in humans with UC.221,226,288 Various groups have evaluated other immune checkpoint 

inhibitors (nivolumab, pembrolizumab, and others) in combination with one another, with 

chemotherapy in both adjuvant or neoadjuvant settings, and/or with surgical debulking 

of the primary tumour.223,228–231,233,289 To date, no veterinary studies have utilized 

immune checkpoint therapy in canine UC. 

 A recent study evaluated the immune landscape of canine UC based on whole-

exome and RNA-sequencing.255 However, immune checkpoint expression on T-

lymphocyte subsets and cytokine expression in clinical canine patients with UC has not 

been evaluated. Therefore, the goal of this study was to evaluate the lymphocyte-

specific PD-1 expression in blood and urine in canine UC patients compared to healthy 

control dogs and dogs with cystitis. We hypothesized that both blood and urinary 

lymphocyte PD-1 expression would be elevated in UC and cystitis patients compared to 

healthy controls. We also hypothesized that the cytokine profile in the blood and urine 

would correlate with PD-1 expression. 

 

3.3 Materials and Methods 

3.3.1 Ethics 

This study was ethically reviewed and approved by the Animal Care Committee 

under Animal Utilization Protocol #3603 at the University of Guelph, Canada. All 

experiments were conducted following the guidelines from the Canadian Council on 

Animal Care. 

 

3.3.2 Patient recruitment 

Canine patients were enrolled prospectively in either a UC group (n = 10), cystitis 

group (n = 5) or a healthy control group (n = 10). Healthy patients were screened via 

routine complete blood count, biochemical profile, and urinalysis to ensure no 

underlying comorbidities. Enrollment requirements for the UC group included patients 
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with a diagnosis of UC confirmed by cytology, histopathology, or positive urine BRAF 

mutation status without any prior knowledge of underlying comorbidity. Cystitis patients 

were recruited from a primary healthcare facility at the University of Guelph, Canada. 

Cystitis patients had a diagnosis of uncomplicated cystitis (i.e. not recurrent or resistant 

to antimicrobials) on the basis of clinical evaluation and urinalysis with or without 

positive urine bacterial culture. Bloodwork from cystitis patients was also reviewed if 

made available by the primary healthcare facility to ensure no other comorbidities. Data 

collected on all patients included age, sex, breed, results of staging tests (if applicable), 

and method of diagnosis for UC or cystitis. Blood and urine samples were obtained from 

all dogs for immediate flow cytometric analysis and serum and urine samples were 

stored at -80oC until cytokine analysis could be batch performed.  

 

3.3.3 Sample processing 

Blood was collected into standard vacutainer tubes containing calcium EDTA. 

Free-catch urine was collected in a urine specimen container and immediately placed 

on ice. The urine volume was recorded to normalize cell counts between patients. Both 

urine and blood samples were centrifuged at 500 x g for 5 min at 4 °C. Blood samples 

underwent two treatments with ammonium chloride potassium (ACK) lysis buffer (8.29 g 

NH4Cl, 1 g KHCO3, 37.2 mg Na2EDTA per litre H2O, pH=7.2-7.4) to lyse red blood cells. 

One mL of blood was mixed with 7 mL ACK lysis buffer and incubated for 10 min at 

room temperature in a 15 mL conical tube. The solution was diluted with 7 mL Hank's 

Balanced Salt Solution (HBSS; Hyclone; South Logan, UT), centrifuged, and 

resuspended in a second 5mL ACK lysis treatment. After 5 min the blood was 

resuspended in 9 mL of HBSS and centrifuged, after which they were ready for 

downstream staining. Urine samples did not require a lysis protocol; after centrifugation 

the cells were immediately transferred to a 96 well plate by resuspending in 100 μL 

HBSS. 
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3.3.4 Staining & Flow cytometry 

One mL of the processed blood sample was used for flow cytometry and was 

split into three aliquots to include fluorescence minus one (FMO) controls for the 

ɑFoxP3 and ɑPD-1 antibodies. Blood and urine samples were incubated at 4 °C for 15 

min in Fc Block (ɑCD16/CD32 clone 93; ThermoFisher Scientific; Waltham MA; Cat#14-

0161-86) diluted in fluorescence-activated cell sorting (FACS) buffer (PBS+ 0.5% 

bovine serum albumin; Hyclone, South Logan, UT). Samples were washed with PBS 

(phosphate buffered saline; HyClone, South Loga, UT) and centrifuged before being 

stained for 20 min at 4℃ in the presence of the surface staining antibodies ɑCD3-FITC 

(Clone CA17.2A12; BioRad; Hercules, CA; Cat# MCA1774F), ɑCD4-PE-Cy7 (Clone 

YKIX302.9; eBioscience; San Diego, CA; Cat# 25-5040-42), ɑCD8a-eFluor 450 (Clone 

YCATE55.9; eBioscience; San Diego, CA; Cat#48-5080-42), ɑCD25-PE (Clone P4A10; 

eBioscience; San Diego, CA; Cat# 12-0250-42), and ɑPD-1-PerCp (Abcam Per-Cp 

conjugation kit: Cambridge, UK; Cat# ab102907; PD-1 Ab: Creative Biolabs, Shirley, 

NY, Cat# TAB-028ML). Twice rinsed samples were then incubated for 30 min at 4℃ in 

Fixable Viability Dye eFluor 780 (eBioscience, San Diego, CA, Cat #65-0865-18) to 

stain for dead cells to be excluded during downstream gating analysis. Samples 

subsequently underwent a procedure to stain for the intracellular forkhead box P3 

(FOXP3; Pharmingen, San Jose, CA, Cat: 560409). Cells were fixed for 30 min at 4℃, 

permeabilized for 30 min at 37℃, and incubated with ɑFoxP3-APC (Clone FJK-16s, 

Invitrogen, Carlsbad, CA, Cat #17-5773-80) for 20 min at 4℃. The stained samples 

were washed twice, resuspended in FACS buffer and immediately analyzed on a 

FACSCanto II cell analyzer (BD; San Jose, CA).  

 

3.3.5 Gating strategy 

CD4+ cells (CD3+ CD4+), CD8+ cells (CD3+ CD8+), and Treg cells (CD3+ CD4+ 

CD25+ FoxP3+) were gated to analyze PD-1 expression in lymphocytes (Supplemental 

Figure). A less conservative gate encompassing all live cells was also used as an 
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additional control to quantify variations in PD-1 expression in a total urine or blood 

sample. FMOs for both PD-1 and FOXP3 were included to inform accurate gating 

strategies for samples. 

 

3.3.6 Cytokine Analysis 

Blood obtained from patients was centrifuged immediately at 1500 x g for 10 

minutes. The serum was aliquoted into equal volumes and placed in -80 oC freezer for 

storage. Similarly, the urine was aliquoted into equal volumes and placed in the freezer 

for storage. When ready for evaluation, serum and urine samples stored at -80oC were 

thawed at room temperature and centrifuged at 400 x g for 2 minutes at 4oC to reduce 

particulate matter. Serum and urine GM-CSF, IFN-g, IL-2, IL-6, IL-7, IL-8, IL-15, IP10 

(CXCL-10), KC-like, IL-10, IL-18, monocyte chemoattractant protein-1 (MCP-1), and 

tumour necrosis factor-alpha (TNF-a) were measured and quantified in technical 

duplicates using a commercially available canine-specific multiplex cytokine assay kit 

(EMD Millipore, MA, USA) previously validated for use in dogs.290 The assay was 

performed following incubation of the plate overnight at 4oC to improve sensitivity as 

directed by the manufacturer’s instructions. Observed concentrations for each cytokine 

per sample was inferred by use of a standard curve generated from standards and 

blanks provided by the manufacturer. The detection limits (limit of detection; LOD) were 

set based on values provided by the manufacturer (Supplementary Table 1). When 

samples were quantified below the LOD, the value for that particular analyte was 

divided by the square root of 2.291 Ultimately, 3.5% (23 / 650; 1 / 325 measurements 

from the urine group and 22 / 325 measurements from the blood group) of all 

measurements required this adjustment. Urine creatinine concentration was measured 

by the OVC Animal Health Lab and urine cytokines (picogram/mL) were standardized to 

urine creatinine (mg/mL) as picogram of cytokine per milligram of creatinine (pg/mg 

creatinine). Serum cytokines were measured as picogram per milliliter (pg/mL).  
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3.3.7 Statistical analysis 

Flow cytometric graphs were created in GraphPad Prism v.9 (GraphPad; San 

Diego, CA). Statistical analysis for comparison of groups for PD-1 assessment was 

calculated in this program using one-way ANOVAs. A p value ≤ 0.05 was considered 

significant.  

 For cytokine analysis, normality was determined with a Shapiro-Wilk test. An 

ANOVA test was used to determine significance amongst normally distributed data 

groups. For non-parametric data, a Kruskal-Wallis test was used to determine 

significant differences between the normal-UC, normal-cystitis, and UC-cystitis groups. 

All data was analyzed using SPSS (IBM v.27, release 27.0.1.0). Significance was set at 

a p-value ≤ 0.05 and were adjusted by the Bonferroni correction for multiple tests to 

reduce Type I errors. Box-and-whisker plots were generated in GraphPad Prism v.9 

(GraphPad; San Diego, CA). Error bars denote the range for each group and p values 

≤ 0.05 were considered significant (*<0.05, ** < 0.01, *** < 0.001).  

 

3.3.8 Cell line validation statement 

Cell line validation was not conducted because cell lines were not used in this 

study. 

 

3.4 Results 

3.4.1 Demographics 

Overall, 25 dogs were enrolled into the study (10 UC, 10 healthy, 5 cystitis,). In 

the healthy control group, the median age was 6.5 years (range: 4 – 12 years). The 

median weight in this group was 10.75 kg (range: 2.64 – 21.04 kg). Breed distribution 

included mixed breed (n = 4), and a single Lowchen, Australian Shepherd, Shih-Tzu, 

French Bulldog, Fox Terrier, and Chihuahua. In the UC group, the median age was 12.5 
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years (range: 4 – 17 years). The median weight in this group was 18.03 kg (range: 4.05 

– 37 kg). Breed distribution included mixed breed (n = 2), German Shepherd (n = 2), 

and a single Pomeranian, Lhasa Apso, Shih-Tzu cross, West Highland White Terrier, 

Siberian Husky, and a Border Collie. In the cystitis group, the median age was 5.5 years 

(range: 5 – 9 years). The median weight in this group was 21.4 kg (range: 6.6 – 37.6 

kg). Breed distribution included mixed breed (n = 2) and a single Golden Retriever, Pug, 

and a Shih-Tzu. Within the UC group, diagnosis of UC was made by tumour biopsy in 

six patients, diagnostic urine catheterization in three patients, and urine cytology as well 

as a urine BRAF54,55 test in one patient. Complete blood count and biochemical profile 

was evaluated in all patients in their respective groups with no clinically significant 

findings.  

 

3.4.2 PD-1 expression on CD8+ T lymphocytes in urine samples from UC patients 

was significantly elevated compared to controls.  

The expression of PD-1 was quantified on T cells from 10 canine patients with 

UC, 10 healthy controls, and five dogs with cystitis (Figure 11). The mean fluorescent 

intensity (MFI) of the antibody against PD-1 (PD-1 Per-Cp expression) bound to CD8+ T 

cells was significantly increased in the urine of UC patients compared to the CD8+ T 

cells in the urine of healthy dogs (MFI = 107.3 vs 44.8 geometric mean PD-1 Per-Cp 

expression; p = 0.0006). (Figure 11B). Cystitis patients also had an elevation in PD-1 

expression on CD8+ T cells in their urine (MFI = 115.3 geometric mean PD-1 Per-Cp 

expression); however, it was not significant compared to UC patients (p = 0.9996) or 

healthy urine controls (p = 0.0816). There was no difference in PD-1 expression on 

CD4+ T cells in the urine of UC patients and healthy dogs (MFI = 154.63 vs 156.67 

geometric mean PD-1 Per-Cp expression; p = 0.9529) or UC patients and cystitis 

patients (MFI = 154.63 vs 110.44 geometric mean PD-1 Per-Cp expression; p =0.9991). 

Likewise, there was no significant differences in PD-1 expression on Tregs in urine of 

UC patients and healthy dogs (MFI= 219.8 vs 187.3 geometric mean PD-1 Per-Cp 
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expression ; p = 0.9988) or dogs with cystitis (MFI= 219.8 vs 143.16 geometric mean 

PD-1 Per-Cp expression , p = 0.7933). 

In contrast to the urine samples, blood samples had no variation in PD-1 

expression for the T cell subsets. There was no significant variation for CD8+ T cell PD-

1 expression (MFI = 11.7 vs 11.7 vs 9.6 geometric mean PD-1 Per-Cp expression ; p > 

0.9999), CD4+ T cell PD-1 (MFI = 83.3 vs 126.5 vs 109.6 geometric mean PD-1 Per-Cp 

expression ; p > 0.9999) and Tregs had no variation in PD-1 expression (MFI= 111.75 

vs 135.28 vs 126.3 geometric mean PD-1 Per-Cp expression ; p = 0.9997) for UC 

patients, healthy dogs, and cystitis patients, respectively. 

 

3.4.3 Treg cells in urine samples from UC patients were elevated compared to 

controls and cystitis patients but was not significant.   

 UC patients had an increase in the number of Tregs/mL of urine (Figure 12) 

compared to healthy controls and cystitis patients (average 496.0 vs 5.7 vs 99.2 

Tregs/mL of urine for UC compared to healthy control and cystitis patients respectively). 

However, despite the trend of the large increase in the average number of Tregs, the 

experimental group size did not provide the statistical power to observe a significant 

increase (p = 0.1149) amidst the broad biological variation recorded. Blood samples 

contained a larger increase in Tregs compared to urine samples (4678.8 vs 1175.7 vs 

10,207.9 Tregs/mL of blood, p<0.0001) for UC patients, healthy dogs, and cystitis 

patients respectively.  

 

3.4.4 UC patients had higher CD4+:CD8+ T cell ratios as well as lower CD8+:Treg 

ratios in the urine 

The total number of CD4+ T cells, CD8+ T cells, CD4+:CD8+ ratio, and CD8+:Treg 

ratio were quantified (Figure 12) in urine and compared between dogs with UC, healthy 

control dogs, and dogs with cystitis. UC patients had the highest number of CD8+ T cells 

in the urine (3637 vs 295 vs 134 CD8+ T cells/ mL urine, p = 0.9998) compared to 
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healthy dogs and cystitis patients respectively. A similar trend was observed with CD4+ 

T cells in the urine (8364 vs 761 vs 346 CD4+ T cells/ mL urine, p = 0.9999). These 

findings extended to UC patients having higher ratios of CD4+:CD8+ T cells in the urine 

(25.2 vs 3.8 vs 2.7 CD4+:CD8+ T cells/mL urine). UC patients had a lower CD8+:Treg 

ratio than healthy or cystitis controls (18.0 vs 42.3 vs 116.8 CD8:Treg cells/ mL urine).  

CD8+ T cells in the blood were enumerated in UC patients, healthy dogs, and 

cystitis patients (13,138 vs 4,403 vs 86,278 CD8+ T cells/mL, p < 0.0001). CD4+ T cells 

followed a similar trend (97,013 vs 7,290 vs 132,186 CD4+ T cells/mL, p < 0.0001). 

Hence, the CD4+:CD8+ T cell ratio in blood samples was highest in UC patients (13.4 vs 

1.9 vs 4.6 CD4+:CD8+ T cells/mL blood, p = 0.8666). The CD8+:Treg ratio in blood 

samples was also highest in UC patients (61.4 vs 39.9 vs 48.7 CD8+:Treg cells/ mL 

blood p = 0.9953). Cystitis patients had higher cell counts /mL of blood than either 

group.   

 

3.4.5 Patients with UC have elevated urinary cytokines, fostering support for PD-

1 expression and inflammation 

 Significant differences between patients with UC and healthy dogs were noted in 

12 of 13 cytokines measured. Patients with UC had elevated levels of the following 

urinary cytokines compared to healthy controls: GM-CSF, IFN-g, IL-2, IL-6, IL-7, IL-8, IL-

15, IP-10, KC-like, IL-18, MCP-1, and TNF-a (Table 7). Additionally, significant urinary 

cytokine upregulation was observed in the UC group compared to the cystitis group for 

the following cytokines: IL-6, IL-18, and MCP-1 (Table 7). Elevations for GM-CSF, IL-2 

and TNF-a approached significance in this comparison group. Cystitis patients had no 

significant elevations in comparison to the healthy control group. In the serum samples 

there were no significant differences in the cytokine profile between any of the groups. 
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3.5 Discussion 

This study evaluated the lymphocyte-specific expression of PD-1 in dogs with UC 

compared to both a healthy control and cystitis group. In the UC group, there was a 

significant increase in PD-1 on lymphocytes in urine, but not in blood. The largest 

variation in PD-1 expression between UC patients and healthy controls was on CD8+ T 

cells. CD4+ T cells actually had a higher average expression of PD-1 than CD8+ T cells, 

however the control group had equally elevated expression levels in CD4+ T cells. 

Given their presence in the urine of UC patients, we suspect these cells are shed from 

the tumour microenvironment and into the urine. Interestingly, upregulation of 

lymphocyte PD-1 in cystitis patients was also observed, indicating a lack of clinical 

difference in PD-1 expression between the UC and cystitis groups. PD-1 is inherently 

upregulated as a counter-mechanism to many types of inflammation to control 

autoimmunity and therefore may be reflective of both disease processes.292,293 The 

prevalence of PD-1 on T cells in canine UC indicates that checkpoint inhibitor therapy 

may constitute a promising new treatment option. 

Regulatory T cells (Tregs) have been associated with a poor prognosis as well as 

tumour progression in canines and humans alike.250,278,294,295 In this study, UC patients 

had an increase in the number of Tregs in both the blood and urine; however, the 

difference was not significant due to the large variability between patients within the 

groups. Future studies are encouraged to continue to evaluate the interactions of Tregs 

in relation to UC, as the large increase in some dogs suggests a subset of patients may 

exist that have greater Treg-based tumour immune suppression, which reflects what 

has been previously documented in humans.294 Due to the importance of Treg 

populations in human UC, therapies directed at TILs and specifically anti-Treg activity 

have been attempted in canine UC with metronomic protocols and 

chemotherapeutics.95–97 Unfortunately, the response rates were minimal in these 

studies. However, it remains possible that attempts to control Treg populations alone is 

not enough to alter the tumour microenvironment. Instead, as reflected by our results, 

primary blockade with anti-PD1 antibodies could restore the activity of cytotoxic CD8+ 
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cells, and thus increase tumour immunogenicity. No other examined immune cell-based 

biomarkers had a significant difference between groups. Both the blood and urine 

samples in UC patients had higher levels of CD4+ T cells, CD8+ T cells, CD4+:CD8+ T 

cell ratios, and CD8+:Treg ratios. However, due to large biological variation between 

patients, there was a lack of statistical significance, likely attributable to the small patient 

group size. Higher CD8+:Treg ratios have been associated with better prognoses in 

human bladder cancer patients, and could continue to be evaluated in canine patients 

with UC.274 

Several of the comparisons between urine cytokine levels in our study showed 

similarity to those seen in human UC. These include elevations in urinary IL-2, IL-6, IL-

7, IL-8, IP-10, KC-like, IL-10, MCP-1, and TNF-a.280–283,296,297 Urine IL-6 has been 

documented to be elevated in humans with advanced UC and has even been proposed 

as a urinary marker for UC.280 Marked polarization of T helper 2 (Th2) phenotypes is 

seen with lower serum IL-2 and higher urinary IL-2 observed of humans with UC.298  IL-

7 is normally released by stromal cells and has been documented in prostatic cancer to 

contribute to invasiveness and epithelial-to-mesenchymal transition, as well as in 

human bladder cancer cell lines.299,300 This observation could explain the elevation 

observed in our patients. Urinary IL-8 has proven to be discriminatory between newly 

diagnosed and recurrent human UCs, as well as correlated with tumour grade.128,282 

Previous data on MCP-1 suggests the same conclusion as IL-8.296,301 

Several pro-inflammatory cytokines related to elevated PD-1 expression were 

noted in the urine of the UC group. IFN-g, IL-2, IL-7 and IL-15 have been documented 

as potent stimulators of PD-1 and its ligands on lymphocytes, associated tumour cells, 

and immunosuppressive macrophages. In our canine UC patients, elevations of IFN-g, 

IL-2, IL-7 and IL-15 were observed in the urine, supporting the observed increased PD-

1+ lymphocyte population.181 The role of TIL and NK cell derived IFN-g (pro-

inflammatory) and upregulation of PD-L1 on both human and canine tumour cells has 

been documented by other groups; again supporting our findings herein.183,240,244  IL-8 
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was significantly elevated in the urine of UC patients compared to healthy controls. 

Elevated plasma IL-8 has been correlated with reduced clinical benefit of PD-L1 

blockade in human UC patients; however, differences in serum IL-8 were not observed 

in our canine patients compared to controls.128,282 IL-15, similar to IL-2, is another potent 

proinflammatory cytokine and has been used as a single-agent therapy in humans with 

solid tumours, melanoma, or renal cell caricnomas.285 Due to many patients remaining 

in stable disease, anti-PD-1 therapy in combination with IL-15 has been proposed.285,302 

A single small case series in humans used ALT-803 (an IL-15 analogue) in humans with 

UC and responses were observed; trials are ongoing.303  IP-10 (also referred to as 

CXCL10) binds to the common CXCR3-receptor and can have profound effects for the 

modulation of T cell function, as well as documented increases in Treg activity.280,304 

This leads to release of IL-10 and further immune suppression. IP-10 has been shown 

to cause tumour progression in multiple types of cancers, including human UC.304  

There are several inherent limitations to this study. The small number of dogs 

limited our ability to draw absolute conclusions regarding the degree of PD-1 expression 

on lymphocytes in blood and urine, and the observed changes in cytokines in serum 

and urine. This was particularly relevant given that no differences in serum cytokine 

elevations were noted, which is in contrast to humans with UC where elevations in 

serum IL-1, IL-4, IL-6 and IL-10 have been documented when compared to healthy 

controls or in cases of recurrence.280 As well, serum TNF-a was not reliably measured 

in our small group of patients due to the number of patients that were below the limit of 

detection of the commercial assay. Additionally, it is possible that CD8+ T cells may 

upregulate PD-1 for other inflammatory urinary diseases (i.e. cystitis) in addition to UC 

as we previously alluded to. In regards to the flow cytometry work, the lack of statistical 

significance in the number of Tregs in both blood and urine of dogs with UC, given the 

large numerical difference between groups, is most likely related to the small number of 

patients in the study.  
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The flow cytometry results demonstrate both the presence of PD-1 on Tregs as 

well as significantly increased expression on urinary CD8+ T lymphocytes. Checkpoint 

inhibitors could be utilized to overcome potential immune suppression associated with 

these Tregs, thereby improving response to therapy. A few veterinary groups have 

developed anti-PD1 monoclonal antibodies to date, but none have been utilized in 

larger scale clinical trials or in canine UC.247,248 Checkpoint inhibitors have been 

incorporated into the standard of care for muscle-invasive human urothelial carcinomas 

and this preliminary work has provided the first crucial evidence that PD-1 expression 

on lymphocytes is altered in canine patients with UC, suggesting the possibility that anti-

PD-1 therapy may be an effective strategy to treat UC in dogs. 
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3.9 Tables 

Table 7: Comparison of urine cytokine levels between UC patients, healthy control 
dogs, and cystitis patients reported as a mean value in pg/mg creatinine. A p-value ≤
0.05 was set as significant. 

Cytokine Mean value in 
UC patients 

(pg/mg 
creatinine) 

Mean value in 
healthy 
controls 

(pg/mg 
creatinine) 

UC vs 
healthy 
control 
p-value 

Mean value 
in cystitis 
patients  

(pg/mg 
creatinine) 

UC vs 
cystitis p-

value 

GM-
CSF 

230.7 63.1 0.019 58.1 0.055 

IFN-g 3.42 0.13 0.005 0.89 0.168 

IL-2 298.7 87.5 0.035 64.9 0.059 

IL-6 148.6 43.7 0.013 32.2 0.024 

IL-7 439.0 129.1 0.011 113.4 0.063 

IL-8 2960.1 560.6 0.029 1767.6 0.457 

IL-15 541.5 159.5 0.021 150.9 0.093 

IP-10 17.9 2.6 0.003 1.87 0.048 

KC-like 942.0 34.3 0.007 683.1 0.710 

IL-10 185.2 52.0 0.507 43.7 0.507 

IL-18 323.7 89.8 0.014 78.1 0.042 

MCP-1 2102.8 353.8 0.005 301.6 0.014 

TNF-a 190.1 34.4 0.010 34.2 0.052 
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3.10  Figures 

 

Figure 11: PD-1 expression from canine blood and urine samples. Blood and urine 
samples were collected from 10 healthy, 10 patients with UC, and 5 patients with 
cystitis. Samples were immediately processed to remove red blood cells and stained for 
analysis on a FACS Canto II cell analyzer. A) Representative flow cytometry dot plots 
for heathy dogs, patients with UC, and patients with cystitis. B) Mean fluorescence 
intensity of PD-1 expression for CD4+, CD8+, and CD4+FOXP3+ cells. Calculations 
were enacted for the total sample and more conservative gating around size selected 
leukocytes. Variations between total samples are useful for determining if urinalysis 
antibody tests using whole unsorted samples would be feasible, whereas the leukocyte 
subsection illustrates changes driven by T cells. Granulocytes were included as a 
control because canine cells can be CD4+ without being T cells. Graphs with no stats 
denoted were insignificant for all comparisons. PD-1: programmed cell death protein 1; 
UC: patients with urothelial carcinoma; FSC-a: forward scatter. *p < 0.05; **p < 0.01; 
***p < 0.001; ****p < 0.0001; ns = not significant. 
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3.11  Supplementary Figures 

 

Figure 13: Flow cytometry gating analysis strategy. Stained blood and urine samples 
from healthy dogs, patients with UC, and patients with cystitis were quantified on a BD 
FACS Canto II. Cells were initially gated based on size, and separated into a smaller 
leukocyte population, a larger granulocyte population, and a less conservative merged 
grouping representing all cells in the sample. Doublets and non-viable cells were 
removed based on size and 7AAD respectively. Tregs were defined as CD4+FOXP3+. 
All three subsets were analyzed for expression levels of programmed cell death protein 
1 (PD-1). 
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Figure 14: Box-and-whisker plots representing relative urinary cytokine concentrations 
in pg/mg creatinine. Several cytokines (GM-CSF, IFN-g, IL-2, IL-4, IL-7, IL-8, IL-15, IP-
10, KC-like, IL-18, MCP-1, and TNF-a) in the UC group were significantly elevated 
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when compared to healthy controls. Whiskers denote the entire range of each data set. 
The box represents 25th to 75th percentiles with the line representative of the median. 
Significance set at p < 0.05. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. UC = 
urothelial carcinoma. 
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Figure 15: Box-and-whisker plots representing relative serum cytokine concentrations 
between groups. No significant elevations in serum cytokines were detected between 
groups. Whiskers denote the entire range of each data set. The box represents 25th to 
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75th percentiles with the line representative of the median. Significance set at p < 0.05. 
*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. UC = urothelial carcinoma. 

 

3.12  Supplementary Tables 

Table 8: Limit of detection (LOD) of the cytokine assay for each analyte. 

Cytokine Limit of detection (LOD, pg/mL) 

GM-CSF 9.2 

IFN-g 10.5 

IL-2 3.5 

IL-6 3.7 

IL-7 7.5 

IL-8 21.7 

IL-15 9.0 

IP10 3.2 

KC-like 5.3 

IL-10 8.5 

IL-18 5.8 

MCP-1 21.0 

TNFa 6.1 
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4 Chapter 4: Summary and Conclusions 
The work presented herein represents an initially cell line and clinical evaluation of 

the immune landscape in canine urothelial carcinoma. Only recent studies have 

provided some insight, specifically to define both immunologically hot or cold 

phenotypes associated with urothelial carcinoma in canines.255,257 Regardless, the 

implications for an immune-based therapy for canine urothelial carcinoma not only have 

the potential to dramatically improve survival in patients, but also reinforce the notion 

that dogs can continue to be an excellent tumour and immunological model for human 

cancers; more specifically, MIUC.237  Given the large knowledge gap regarding the 

expression patterns of PD-1 and PD-L1 in canine urothelial carcinoma we aimed to 

evaluate both markers in cell-lines and in clinical patients.  

 

In the in vitro study, tumour-intrinsic PD-1 was elevated. This finding has only rarely 

been documented in human cancers and never has been reported in veterinary 

patients.186,187,264,265 Specifically, tumour cell-intrinsic PD-1 has not been documented in 

canine or human urothelial carcinoma to our knowledge. Therefore, the expression 

patterns confirmed in our cell-line study (both protein and mRNA) may represent a 

mechanism by which tumour cells could evade immune-based therapies. As well, given 

the documented regulation associated with the mTOR pathway in people, this 

relationship could be further explored in future studies in canine UC, amongst others.265 

It may also be important to evaluate the cell-intrinsic expression of PD-1 in future 

studies of other canine and human malignancies, as most of the literature appears 

reserved to documenting only PD-L1 only on tumour cells.  Similarly, PD-L1 was 

elevated in our canine urothelial carcinoma cell lines, which again highlights a potential 

therapeutic target in canine UC. We did not confirm the presence of these molecules in 

histologic samples and is a limitation of our work. Further work should explore 

expression patterns of these immune checkpoints in canine UC tissue samples. 
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Similarly, continued evaluation of genomic signatures in larger groups of canine patients 

pertaining to PD-L1 and other immune checkpoints should continue to be explored.  

 

PD-1 expression and the cytokine profiles associated with this expression had not 

previously been evaluated in clinical patients with UC. In our study, PD-1 expression 

was significantly elevated on CD8+ T lymphocytes in the urine of UC patients, likely 

representing a group of cells from the tumour microenvironment in the exhausted state. 

A higher ratio of CD4:CD8 T cells in the urine was also noted compared to healthy 

controls which could support a more immunosuppressive phenotype in canine UC. 

Given the large increases in Tregs and subsequent decreased CD8:Treg ratios noted in 

UC patients compared to the remaining groups (though lacking statistical significance), 

tumour immune suppression in canine UC is supported and may represent an intriguing 

therapeutic target. The comparative lack of difference between UC and cystitis groups 

in regards to PD-1 expression likely reflects this molecule’s normal role as an enforcer 

of blunting the immune response and was not unexpected. The cytokine profiles in UC 

patients compared to healthy controls once again supported the upregulation of PD-1. 

Cytokines such as IL-2, IL-6, IL-7, IL-12, IL-15, IL-21, and TGF-b may result in elevated 

PD-1 expression.141,181,182 Supportive of this in our study, UC patients had significantly 

elevated IFN-g, IL-2, IL-7 and IL-15 in the urine when compared to healthy controls, 

supporting increased PD-1+ lymphocyte populations. The lack of significant difference 

between UC and cystitis patients may be reflective of inflammatory microenvironments 

in both tumour and diseased states and could also reflect the small sample size used in 

this prospective preliminary study.  

 

In summary, canine UC is an immunologically intriguing disease with documented 

expression of PD-1/PD-L1. Based on our work, exploring an immunotherapeutic 

approach to treatment appears to be relevant.  Further studies should determine the 
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cellular implications of checkpoint therapies in canines as well as determine the dose 

and schedule relevant for canine patients.  
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