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Abstract 
 Purpose of this investigation was to determine if luteinizing hormone receptor (LHR) expression 
in canine lymphoma was affected by body weight, sex, immunophenotype (B cell, T cell) or tumor stage. 
Formalin-fixed, paraffin-embedded lymphoma tissue samples from spayed and neutered dogs (n = 40), 
representing multiple breeds and mixed breeds, were subjected to routine immunohistochemical 
techniques using a polyclonal LHR antibody. Percentage of cells positive for LHR and the staining 
intensity (scored 0 - 3) were determined at 400 x magnification. Data were expressed as mean ± standard 
deviation and significance was defined as p < 0.05. Differences between sex and tumor phenotype, body 
weight and tumor stage were compared. All tumor samples had cells positive for LHR. However, 
percentage of cells expressing LHR and its immunostaining intensity varied among individuals. There 
were no significant differences in percentage of LHR positive cells or staining intensity within sex or 
immunophenotype. Additionally, there was no significant association between percentage of LHR 
positive cells or staining intensity within body weight or tumor stage. We concluded that increased risk of 
lymphoma in spayed and neutered dogs was not related to body weight, sex, immunophenotype or tumor 
stage. However, it is possible that risk of lymphoma may be related to increased LHR activation 
following gonadectomy.  
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Introduction 

Canine lymphoma is the most common hematopoietic neoplasm in the dog, accounting for up to 
24% of all canine cancers.1,2 Lymphoma can be derived from either B cell or T cell lymphocytes. 
Immunophenotyping is possible because B cell lymphomas typically express cell surface proteins CD79a, 
CD20, CD21, and PAX5, whereas T cell lymphomas typically express the unique cell surface protein 
CD3.3 Symptoms and treatment options vary depending on the lymphoma’s predominant cell type (i.e. B 
or T cells).4 Although canine lymphoma is typically treated by chemotherapy, B cell lymphomas become 
resistant to chemotherapy after subsequent treatments and T cell lymphomas often do not respond well to 
chemotherapy from the onset of treatment.5 Prognosis following diagnosis with canine lymphoma is also 
dependent on the immunophenotype of lymphoma, with average survival times shorter for T cell than B 
cell lymphomas (183 versus 365 days).6 In general, T cell lymphomas also have shorter remissions than B 
cell lymphomas.7-9  

Basset Hound, Beagle, Bernese Mountain Dog, Boxer, Bulldog, Bull Mastiff, Cocker Spaniel, 
Doberman, German Shepherd, Golden Retriever, Labrador Retriever, Rottweiler, Shih Tzu, St. Bernard, 
and any terrier breed are at higher risk for developing lymphoma, whereas Dachshunds and Pomeranians 
are relatively lower risk breeds.2,8,10,11 Additionally, breed appears to influence the lymphoma 
immunophenotype. Boxers are more likely to develop T cell lymphomas, whereas Basset Hounds and 
Cocker Spaniels are more likely to develop B cell lymphomas.12 Body weight may or may not be a risk 
factor for lymphoma. Although body weight in mixed breed dogs had no influence in lymphoma 
occurrence,13 it had an influence in purebred dogs; 9 lymphomas were more common in medium and large 
breed dogs compared to toy and small breed dogs.9 Additionally, smaller body weight dogs (< 17 kg) 
were reported to have longer median survival times14,15 or no difference in median survival times1,16 when 
compared to dogs with greater body weight. However, body condition was not reported in these studies. It 
is noteworthy that dogs with an underweight body condition had significantly shorter survival times than 
dogs in ideal or overweight body condition.17  

Survival from lymphoma may be influenced by sex. In humans, men generally had shorter 
survival times than women for most cancers, including lymphoma.18-20 This is similar to what was 
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observed in dogs with advanced multicentric lymphoma; intact male dogs had significantly shorter 
remission and survival times than intact female dogs.10  

Luteinizing hormone receptors (LHR) are expressed in canine lymphoma tissue and isolated 
canine lymphoma cells.21 However, the influence of body weight or sex on LHR expression was not 
evaluated. Additionally, the influence of immunophenotype or tumor stage on LHR expression was also 
not evaluated. Based on canine lymphoma findings,6-10,14,15 it was hypothesized that greater body weight 
male dogs in advanced tumor stages with T cell lymphomas have higher LHR expression than lesser body 
weight female dogs in earlier tumor stages with B cell lymphomas. 
 
Materials and methods 

Archived tissue samples (Canine Comparative Oncology and Genomics Consortium [Bethesda, 
MD]) from 40 purebred and mixed breed dogs (spayed females n = 24; neutered males n = 16) weighing  
7 - 56 kg were used. Weight categories were similar to an earlier study;13 < 10 kg (n = 4), 10 - 19 kg  
(n = 8), 20 - 29 kg (n =14), 30 - 39 kg (n = 10), and > 40 kg (n = 4). Immunophenotype was available for 
26 of 40 tumors (Table). Tumors were staged using the World Health Organization system: Stage I, single 
node or lymphoid tissue in single organ; Stage II, regional multiple lymph nodes involvement; Stage III, 
generalized lymph node involvement; Stage IV, Stages I - III with liver and/or spleen involvement; and 
Stage V, Stages I - IV with blood or bone marrow involvement.21 Additionally, samples from each 
primary tumor were formalin-fixed, paraffin-embedded, and sectioned onto charged slides for LHR 
immunohistochemistry. All slides were deparaffinized, rehydrated, subjected to heat-induced epitope 
retrieval (#S1700, Dako, Carpinteria, CA). Endogenous peroxidase activity was inactivated with 3% 
hydrogen peroxide and nonspecific binding was blocked (Protein Block Serum-Free [#X0909, Dako]). 
Either rabbit polyclonal antihuman LHR antibody (#NLS1436, Novus Biologics, Centennial, CO) was 
applied at 1:100 dilution or rabbit negative control (#NC495H, Biocare Medical, Pacheco, CA) was 
applied to slides. This antigen retrieval method and antibody concentration were optimal for normal and 
neoplastic canine lymphatic tissue.21 Slides were treated with One Step Horse Radish Peroxidase-
Conjugated Polymer Antirabbit IgG (#IH-8064-custom-OrSU, ImmunoBioScience, Mukilteo, WA), 
followed by Nova Red Peroxidase substrate (#SK4800, Vector Laboratories, Burlingame, CA). Slides 
were counter-stained with hematoxylin, dehydrated, and mounted. Percentage of cells positive for LHR 
was recorded and staining intensity (scored 0 - 3; Figure 1) was determined at 400 x magnification from  
5 randomly selected fields by 1 person (AV) blinded to the identity of the samples. Additionally, a 
histology score (h-score) was assigned to each tumor sample.23,24 Staining intensity (0 - 3) for a fixed field 
was multiplied by the percentage of cell positive for LHR.  

Differences between sex and tumor phenotype were compared (Welch two sample t-test in the 
free statistical package R [Version 1.2.1355, Boston, MA]). Differences in bodyweight and tumor stage 
were compared (simple linear regression [Microsoft Excel, Version 14.5.2, Redmond, WA]). 
Additionally, differences in body weight group were compared (one-way ANOVA). Data were expressed 
as mean ± standard deviation and significance was defined as p < 0.05.  

 
Results 

Although there were many purebred dogs included in the data set, mixed breed dogs were 
overrepresented (Table). Most breeds were only represented by 1 individual, except Labrador retrievers  
(n = 3), German shorthaired pointers (n = 2), poodles (n = 2), miniature schnauzers  
(n = 2), and Boston terriers (n = 2). Irrespective of breed, all lymphoma tissue samples contained cells 
positive for LHR. However, percentage of cellular expression and staining intensity varied among 
individuals (Figure 1). Body weight had no significant influence and there was no significant association 
between the percentage of LHR positive cells (R2 = 0.021) or staining intensity (R2 = 0.077). There were 
also no significant differences in the percentage of LHR positive cells, staining intensity or h-score when  
compared by sex (Figure 2) or lymphoma phenotype (Figure 3). There was no significant association 
between the percentage of LHR positive cells (R2 = 0.0017) or staining intensity (R2 = 0.063) with regard 
to tumor stage.      
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Table. Gonadectomized dogs with lymphoma studied: body weight, sex, tumor phenotype, tumor stage on the percentage of 
LHR positive cells, staining intensity, and histology score (h-score) Female (F); Male (M); Not available (NA) 
 

 
 
  

ID Breed Sex Weight 
(kg) 

Tumor 
phenotype 

Tumor 
stage 

Percent 
positive 

Staining 
intensity 

h-score 

5678 Miniature Schnauzer F 7 NA 3 10 2.5 25 

5682 Shih Tzu F 7.2 NA 5 10.5 1 10.5 
5656 Boston Terrier F 8 NA 2 10.5 3 31.5 

5664 Pembroke Welsh Corgi F 9.5 NA 3 6.8 3 20.4 

5676 Miniature Schnauzer F 11.4 NA 3 3 2.5 7.5 
5698 Shetland Sheepdog F 12.6 B cell 3 23.5 3 70.5 

5707 Cocker Spaniel F 14 T cell 3 10.3 3 30.7 
5657 Poodle M 15.2 B cell 5 5.75 2.5 14.4 
5702 Boston Terrier M 16 B cell 3 20 2 40 
5675 Mixed breed F 17.3 NA 5 16.6 2 33.2 
5666 Vizsla F 19 B cell 3 20.8 1.5 31.2 
5713 Mixed breed F 19.7 NA 3 7.5 3 22.5 
5689 Labrador Retriever F 21 T cell 5 7.5 2 15 
5715 Mixed breed M 21.4 B cell 3 3 2 6 
5709 Poodle F 22 B cell 4 3.6 2 7.2 
5708 Mixed breed F 22.6 B cell 3 9 2.5 22.5 
5662 German Shorthair Pointer F 24.5 NA 4 10.8 3 32.4 
5672 German Shorthair Pointer F 26 NA 4 9.5 2 19 
5681 Mixed breed M 26 B cell 4 21.8 2 43.6 
5655 Samoyed F 26.7 NA 2 17.65 3 52.9 
5691 Boxer M 28.6 T cell 3 15 2 30 
5659 Labrador Retriever F 28.6 NA 2 19 2 38 
5710 Mixed breed F 28.8 B cell 3 6.5 2 13 
5684 Dalmatian M 29 B cell 3 9 2 18 
5714 Mixed breed M 29.3 B cell 4 2 1.5 3 
5720 Mixed breed M 29.5 B cell 4 10 1.5 15 
5694 Bernese Mountain Dog M 30 T cell 3 4.3 1.5 6.4 
5660 Labrador Retriever F 30 T cell 5 5.9 2 11.8 
5668 Mixed breed M 31.6 B cell 4 13.4 2 26.8 
5690 Mixed breed M 32 B cell 3 7.8 2 15.6 
5667 Basset Hound F 34.6 NA 3 8.2 3 24.6 
5658 Australian Shepherd M 35.2 T cell 5 10.3 2 20.6 
5688 Mixed Breed  M 35.2 B cell 3 10 1 10 
5671 Mixed breed F 37.2 B cell 4 5 3 15 
5706 Black/Tan Coonhound F 37.5 NA 3 3.6 2 7.2 
5704 Mixed breed F 38 B cell 4 26.5 0.5 13.2 
5685 Irish Setter M 46.5 B cell 4 7 3 21 
5703 Mixed breed  M 50 B cell 3 8 2 16 
5680 Bullmastiff F 52 B cell 5 7.3 0.5 3.6 
5705 Saint Bernard M 56 NA 5 6.3 2.5 15.6 
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Figure 1. Representative images for luteinizing hormone receptors staining intensity in canine lymphoma 
(A: staining intensity = 1; B: staining intensity = 2; C: staining intensity = 3). Nova red; Bar = 10 μm.  
Negative control in upper right inset. Arrows illustrate examples of cells stained positive. 
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Figure 2. Effect of sex (neutered male versus spayed female) on luteinizing hormone receptor (LHR) staining intensity (A), 
percentage of positive cells (B), and h-score (C). There was no significant effect of sex on LHR expression (p > 0.05). 

Figure 3. Effect of lymphoma phenotype (B cell versus T cell) on luteinizing hormone receptor (LHR) staining intensity (A) and 
percentage of positive cells (B), and h-score (C). There was no significant effect of phenotype on LHR expression (p > 0.05). 
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Discussion 

Certain breeds are predisposed to developing lymphoma.2,8-12,25 Since there were not enough dogs 
represented by any single breed in the current study to compare the expression of LHR, the effect of body 
weight was examined. In agreement with previous research on LHR expression in the bladder,26 body 
weight did not influence LHR expression in canine lymphoma. It is important to note that body condition 
score was not available in the current study, which could have been a confounding factor, since 
underweight dogs with lymphoma were reported to have significantly shorter survival times.17 

Sex had a role in remission and survival times following lymphoma diagnosis.1,9,16,27 Therefore, 
we sought to determine if LHR expression in canine lymphoma differed by sex. Although there was no 
significant influence of sex on LHR expression, it is noteworthy that the case material available for this 
study was unfortunately limited to only spayed and neutered dogs; these dogs may have an increased risk 
of developing lymphoma, depending on their breed.25 Compared to intact females and males, lymphoma 
is 4 times more common in spayed and neutered Viszlas.28 Occurrence of lymphoma was higher in spayed 
than intact females. 10 Absence of gonadal hormones in the dogs sampled for the current study may have 
masked effects of sex on LHR expression. Further research is needed on susceptible breeds to determine 
if LHR expression within lymphoma tissue is increased in gonadectomized compared to intact dogs. 

Lymphoma phenotype often influences receptor expression. For example, most human B 
cell lymphomas depended on the expression of a B cell receptor for continued growth.29 In dogs, the 
retinoid receptor is expressed higher in T cell lymphomas compared to B cell lymphomas.30 Therefore,  
1 objective of the current study was to determine if LHR expression changed with lymphoma phenotype. 
Although more B cell lymphomas were present in the data set (n = 20) than T cell lymphomas (n = 6), 
there was no significant difference between phenotypes in the relative percentage of cells expressing 
LHR, nor in the relative intensity of LHR staining.  

Receptor expression also can vary with advancing tumor stage. For example, estrogen receptor 
beta was expressed higher in human B cell lymphoma with tumor stage of III or IV.31 Alternatively, LHR 
expression in human ovarian cancer was higher in Stages I and II compared to Stages III and IV.32 In the 
current study, LHR expression varied widely within tumor stage, similar to reported expression of steroid 
hormone receptors in canine and human mammary tumors.33-35 Lack of association between receptor 
expression and tumor stage could result from the nonstatic expression of LHR in tumors, as reported with 
lipoprotein receptors in canine lymphoma.36 

Activation of LHR in luteal,37,38 trophoblast,39 or canine T cell lymphoma cells40 resulted in dose-
dependent cell proliferation. Because circulating LH concentrations were significantly higher in spayed 
and neutered dogs,41 it is possible that LHR activation has a role in the etiopathogenesis of canine 
lymphoma. Additional research is needed to determine if reducing LH concentrations in spayed and 
neutered dogs with a gonadotropin-releasing hormone agonist prolongs survival time in dogs with canine 
lymphoma. 
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