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 Throughout most of the developed world, surgical sterilization via 

gonadectomy has become a common tool for combating the overpopulation of 

unwanted dogs as well as to eliminate the risk of reproductive diseases in pet dogs. In 

the dog as in other normal adult mammal, the hypothalamus secretes gonadotropin-

releasing hormone (GnRH), which stimulates the anterior pituitary gland to release 

luteinizing hormone.  Luteinizing hormone (LH) stimulates the secretion of gonadal 

steroid hormones (testosterone in males and estrogen/progesterone in females). These 

gonadal steroid hormones then negatively feedback to the hypothalamus and anterior 

pituitary to decrease the secretion of GnRH and LH, respectively. However, in the 

gonadectomized mammal, there is no negative feedback, which results in 

supraphysiologic circulating concentrations of LH. In gonadectomized dogs, LH 

concentrations are more than thirty times the concentrations found in normal adult 

dogs. Although the main role of LH is for reproductive functions (e.g. ovulation, 

corpus luteum formation), there are LH receptors present throughout the body, not 

just limited to the reproductive tract. The purpose of LH receptors in non-

reproductive tissues is not known but may induce cell division and stimulate nitric 

oxide release. With constant activation following gonadectomy, these receptors are 

upregulated, further magnifying the effects of the extremely high LH concentrations 

in non-reproductive tissues. Canine gonadectomy increases the risk of several non-

reproductive long-term disorders including hypothyroidism and hemangiosarcoma 



 
 

 

and this thesis research has demonstrated a causal relationship with LH receptor 

expression in these tissues.   
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CHAPTER 1 

LONG-TERM HEALTH RISKS OF GONADECTOMY IN DOGS 

 

1.1 Introduction 

Throughout most of the developed world, surgical sterilization has become a 

common tool for combatting the overpopulation of unwanted dogs (Salmeri et al., 

1991; Totton et al, 2010; Voslarova and Passantino, 2012; Domingues et al., 2015; 

Downes et al., 2015; Vanderstichel et al., 2015) as well as to eliminate the risk of 

reproductive diseases in pet dogs (e.g. mammary gland cancer and prostate 

hyperplasia /infection). In the United States, 64% of dogs have been surgically 

sterilized (Trevejo et al., 2011). For the purposes of this review, ovariectomy and 

ovariohysterectomy (spay) or castration (neuter) will be collectively referred to as 

gonadectomy, since each of these methods for surgical sterilization include gonad 

removal (ovaries or testes). 

In the normal adult mammal, the hypothalamus secretes gonadotropin-

releasing hormone (GnRH), which stimulates the anterior pituitary gland to release of 

luteinizing hormone (Meethal and Atwood, 2005).  Luteinizing hormone (LH) 

stimulates the secretion of gonadal steroid hormones (testosterone in males and 

estrogen/progesterone in females). These gonadal steroid hormones then negatively 

feedback to the hypothalamus and anterior pituitary to decrease the secretion of 

GnRH and LH, respectively (Figure 1A). However, in the gonadectomized mammal, 

there is no negative feedback, which results in supraphysiologic circulating 

concentrations of LH (Figure 1B). In gonadectomized dogs, LH concentrations are  
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A. Normal Adult Mammal B. Gonadectomized Mammal 

  

  

Figure 1.1. A: In the normal adult mammal, the hypothalamus secretes gonadotropin-
releasing hormone (GnRH), which stimulates the anterior pituitary gland to release of 
luteinizing hormone.  Luteinizing hormone (LH) stimulates the secretion of gonadal 
steroid hormones (testosterone (T2) in males and estrogen (E2)/progesterone (P4) in 
females). These gonadal steroid hormones then negatively feedback to the 
hypothalamus and anterior pituitary to decrease the secretion of GnRH and LH, 
respectively. B: In the gonadectomized mammal, there is no negative feedback, which 
results in supraphysiologic circulating concentrations of LH. 
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more than thirty times the concentrations found in normal adult dogs 

(Beijerink et al., 2007). 

Although the main role of LH is for reproductive functions (e.g. ovulation, 

corpus luteum formation), there are LH receptors present throughout the body, not 

just limited to the reproductive tract (Table 1.1). The purpose of LH receptors in non-

reproductive tissues is not known but may induce cell division and stimulate nitric 

oxide release (Greene and Ginther, 2011). With constant activation following 

gonadectomy, these receptors are upregulated, further magnifying the effects of the 

supraphysiologic LH concentrations in non-reproductive tissues. In this review, we 

have summarized several non-reproductive long-term health complications resulting 

from canine gonadectomy as well as discussed the possibility of how these effects are 

mediated by LH receptor activation in these non-reproductive target tissues. 

 

1.2 Obesity 

Obesity is serious medical problem defined as an excessive accumulation of fat 

beyond the physical and skeletal limits (German, 2006). Gonadectomy is the single 

largest risk factor for the development of obesity in dogs (Martin et al., 2005). Up to 

68% of gonadectomized dogs are obese (Anderson 1973, Mason 1970; David and 

Rajendran 1980; Lefebvre and Yang, 2013; Lewis, 1978; Norris and Beaver 1993). 

Gonadectomy induces obesity through two main mechanisms: increased appetite and 

decreased metabolic rate.  Gonadectomy stimulates food intake (Houpt, 1991) and 

increases indiscriminate appetite (O’Farrell and Peachy, 1990).  In unaltered dogs, 

food intake suppresses the secretion of gastrointestinal hormones (cholecystokinin  
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Non-Reproductive Tissues Species References 

Adrenal cortex Dog, human, 
rat, rhesus 
macaque 

Papadopoulos et al., 1991; Galac 
et al., 2010; Nicolini et al., 2014; 
Lasley et al., 2015 

Blood vessels (endothelial 
cells, vascular smooth muscle 
cells) 

Human Reshef et al., 1990; Lei et al., 
1993; Bukovsky et al., 2003 

Brain (hippocampus, 
hypothalamus, cerebellum, 
brain stem, cortex) 

Guinea pig, 
rat  

Lei et al., 1993; Wahjoepramono 
et al., 2011 

Fibroblasts Human Bukovsky et al., 2003 
Gastrointestinal tract (enteric 
neurons, smooth muscle) 

Human, rat  Hammar et al., 2012; Sand et al., 
2013, Ducker et al., 1996 

Lower urinary tract (bladder 
and urethra) 

Dog, human Welle et al., 1999; Ponglowhapan 
et al., 2007; Ponglowhapan et al., 
2008; Schwalenberg et al., 2012 

Lymphoid tissues (thymus 
and lymphocytes) 

Hamsters, 
human 

Maria, 1998; Seiki et al., 1990 

Skin (epidermis, hair follicle, 
sebaceous glands, sweat 
glands) 

Dog, human Welle et al., 2006; Venencie et al., 
1999 

Striated muscle cells Human Bukovsky et al., 2003 
Thyroid gland  Human Liu et al., 2014 
 
Table 1.1 Luteinizing hormone receptors are found in several tissues outside of the 
reproductive tract. In the dog, activation of these receptors may be responsible for the 
long-term health complications following gonad removal. 
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and glucagon) resulting in satiety (alleviation of hunger) (Levine et al., 1984). 

However, within 1 week following gonadectomy, food intake increases by 20% and 

then persists (Houpt et al., 1979; Jeusette et al., 2004). It is possible that stimulation 

of LH receptors present in the gastrointestinal tract following gonadectomy increase 

cholecystokinin and/or glucagon release.  It is also possible that LH receptors in the 

hypothalamus are involved in the increase in appetite (Daniel et al., 2013) as lesions 

within the ventromedial hypothalamus result in hyperphagia (Rozkowska and 

Fonberg, 1973).  

Gonadectomy also results in a 30% decrease in daily energy requirements 

(Jeusette et al., 2004). The underlying mechanism for decreased energy requirements 

is not known but is likely due to decreased physical activity (LeRoux, 1983; Sibley 

1984; Maarschalkerweerd et al., 1997). Within the first 90 days after gonadectomy, 

dogs will gain a significant amount of weight (Houpt et al., 1979). Weight gain 

results from a decrease in activity without a corresponding decrease in food intake 

(Houpt et al., 1979).  Of course, with an increased appetite from gonadectomy, 

decreasing food intake leaves the dog in an unpleasant and perpetual state of hunger. 

 

1.3 Urinary System 

1.3.1 Urinary incontinence 

Urinary incontinence is an involuntary leakage of urine resulting from either a 

weakened or complete loss of urinary sphincter control. The association between 

urinary incontinence and gonadectomy in female dogs was first described by Jo 

(1985). Urinary incontinence is a common long-term health complication of 
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gonadectomy in female dogs with a reported incidence ranging from 5-30% (Arnold, 

1997; Stocklin-Gautschi et al., 2001; Angioletti et al., 2004; Spain et al., 2004). Early 

age gonadectomy (under 5 months of age) may further increase the risk of occurrence 

of urinary incontinence (Thrusfield, 1985; Spain et al., 2004). LH receptors are 

expressed in all regions of the canine lower urinary tract, from the body and neck of 

the bladder to the proximal and distal urethra (Welle et al., 2006; Ponglowhapan et 

al., 2007). Gonadectomized female dogs with urinary incontinence have a 

significantly higher number of LH receptors in the lower urinary tract compared to 

unaltered females (Coitet at el., 2009). Urinary continence can be restored in 

gonadectomized females by reducing circulating LH concentrations using estrogens 

(Rosin et al., 1981; Hill et al., 2012; Veronesi et al., 2009; Angioletti et al., 2004; 

Mandigers and Nell, 2001), GnRH agonists (Reichler et al., 2003; Reichler et al., 

2006) or GnRH immunization (Donovan et al., 2013; Donovan et al., 2014)  

 

1.3.2 Urinary calculi 

Urinary calculi are solid particles (concretions) in the urinary system, usually 

composed of mineral salts that can form in any part of the urinary tract (Bartges and 

Callen, 2015). Urinary calculi may be large enough to obstruct the flow of urine or 

small enough to be passed with the urine. After evaluating records from more than 

two million dogs, Banfield Pet Hospital found that all urinary calculi (urine crystals, 

kidney stones, and bladder stones), occurred at a rate three times higher in 

gonadectomized dogs compared to unaltered dogs (Grauer, 2015). Under normal 

circumstances, there is a balance of urinary calculi promoters and inhibitors.  
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However, this balance appears to be disrupted under the influence of an abundant LH 

environment. 

 

1.4 Endocrine System 

1.4.1 Diabetes mellitus 

Diabetes mellitus results from the impaired secretion of insulin with variable 

degrees of peripheral insulin resistance leading to hyperglycemia. In dogs, the 

incidence of diabetes mellitus is 0.4-1.2% (Nelson and Reusch, 2014) and has been 

increasing over the past 30 years (Marmor et al., 1982; Guptil et al., 2002). 

Gonadectomy doubles the risk for developing diabetes mellitus in dogs (Guptil et al., 

2002). Although gonadectomy increases the risk for obesity, the increased prevalence 

for diabetes mellitus in gonadectomized dogs is unrelated to obesity (Rand et al., 

2004; Krook et al., 1960) and may be a direct effect of LH on the pancreas. 

 

1.4.2 Hypothyroidism 

 Hypothyroidism is a common endocrine disorder in which the thyroid gland 

does not produce sufficient quantities of thyroid hormone (Mooney, 2011; Scott-

Moncrieff, 2007). Gonadectomy has a profound effect on thyroid function (Dixon and 

mooney, 1999) and is the most significant cause for the development of 

hypothyroidism in dogs (Panciera, 1984). Thirty percent more gonadectomized dogs 

develop hypothyroidism compared to unaltered dogs (Milne and Hayes, 1981). The 

concentrations of thyroxine in gonadectomized dogs were significantly lower in both 

genders when compared to intact dogs (Młodawska et al., 2014). Women who have 
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undergone gonadectomy are also at an increased risk for developing hypothyroidism 

(De Leo et al., 1993).  LH receptors are expressed in normal and adenomatous human 

thyroid glands (Liu et al., 2014). It is not known if LH receptors are present in the 

canine thyroid gland. Because thyroid stimulating hormone concentrations remain 

similar for both gonadectomized and unaltered dogs (Günzel-Apel et al., 2009), 

research is needed to determine the effects of LH receptor activation in unaltered and 

gonadectomized dogs.  

 

1.5 Musculoskeletal System 

1.5.1 Hip dysplasia 

Canine hip dysplasia is associated with the abnormal joint structure and laxity 

of the muscles, connective tissue, and ligaments that would normally support the hip 

(Van Hagen et al., 2005; Dassler, 2003; Demko and McLaughlin, 2005). As hip joint 

laxity increases, the articular surfaces between a cetabulum and head of the femur 

lose contact with each other, resulting in subluxation. Over time, subluxation results 

in a significant change in the size and shape of both articular surfaces and varying 

severity of osteoarthritis. It is important to note that most dogs with hip dysplasia are 

born with normal hips but then develop hip dysplasia secondary to intrinsic and/or 

extrinsic factors. The incidence of hip dysplasia can be as high as 40-83% in giant 

and large breed dogs (Martin et al., 1980; Van Hagen et al, 2005; Priester, 1972). 

Independent of the occurrence of obesity, gonadectomy significantly increases the 

incidence of canine hip dysplasia (Witsberger et al., 2008). Compared to unaltered 

dogs, gonadectomy increases this by 1.5 times (Van Hagen et al., 2005) to 2 times 
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(Torres de la Riva et al., 2013) the occurrence in unaltered dogs. The mechanism for 

the increased incidence is not known but possibly results from an increase in LH 

receptor expression and/or activation in the structural support tissues within the hip 

joint. 

 

1.5.2 Cranial cruciate ligament rupture 

The cranial cruciate ligament serves to prevent cranial displacement of the 

tibia relative to the femur, to limit internal rotation of the tibia relative to the femur, 

and to prevent stifle hyperextension (Grierson et al., 2011; De Rooster et al., 2001). 

Cranial cruciate ligament rupture is another musculoskeletal disorder that initially 

involves the degeneration of the cranial cruciate ligament, which leads to a partial 

rupture and then progresses to a complete rupture following an unspectacular 

traumatic event (Knebel and Meyer-Lindenberg, 2014; Bennett et al., 1988; Vasseur 

et al., 1985). Similar to hip dysplasia, most dogs with cranial cruciate ligament 

ruptures are born with normal stifle joints but then develop the tendency for cranial 

cruciate ligament rupture secondary to intrinsic and/or extrinsic factors. Gonadectomy 

significantly increases the prevalence of cranial cruciate ligament rupture (Duval et 

al., 1999), doubling the occurrence reported for unaltered dogs (Whitehair et al., 

1993) with an incidence as high as 5.1% and 7.7% in males and females, respectively 

(Torres de la Riva et al., 2013). Prepubertal gonadectomy delays tibial growth plate 

closure (Salmeri et al., 1991), which extends the length of tibia and the steepness of 

the tibial plateau (Osmond et al., 2006; Griffon, 2010). Increased steepness of the 

tibial plateau can increase the cranial tibial thrust, which is a risk for cranial cruciate 
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ligament rupture (Slocum and Devine 1983; Morris and Lipowitz 2001). Despite the 

skeletal deformations that occur with pre-pubertal gonadectomy, even dogs post-

pubertally gonadectomized have an increased risk for cranial cruciate ligament 

rupture (Torres de la Riva et al., 2013). There is some evidence that hormones 

(estrogen and relaxin) may play a role in altering cranial cruciate ligament laxity and 

may be modifiable risk factors in humans (Prodromos et al., 2007; Dragoo et al., 

2011). The role for LH and its receptor in the etiopathogenesis of canine cruciate 

ligament rupture should not be overlooked. 

 

1.6 Behavior and Cognition 

1.6.1 Fear and aggression 

The role of gonadectomy on behavior is complex and evidence for benefits as 

well as detriments following gonadectomy have been reported. Reproductive-related 

behaviors (such as urine marking in house, mounting, and roaming) are all reduced or 

eliminated following gonadectomy (Hopkins et al., 1976; Neilson et al., 1997; 

Maarschalkerweerd et al., 1997). However, fear and aggression tend to be 

exacerbated (Zink et al., 2014). Fear of storms, fear of gunfire, fear of noises, fear 

biting, timidity, separation anxiety, and submissive urination all increase significantly 

following gonadectomy. Gonadectomized females are also more reactive to the 

presence of unfamiliar humans and dogs (Kim et al., 2006). Although some dogs may 

become less aggressive following gonadectomy (Neilson et al., 1997), dominance 

aggression (Borchelt, 1983) and owner-directed aggression (O'Farrell and Peachy, 

1990; Reisner et al, 2005) occur with a significantly higher frequency in 
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gonadectomized dogs compared to unaltered dogs. The hippocampus and 

hypothalamus both play important roles in controlling behaviors, especially those 

pertaining to fear and aggression. Luteinizing hormone receptor are abundant in 

hippocampus and hypothalamus (Lei, et al., 1993; Croxatto et al., 1964; Bagshawe et 

al., 1968). In addition, administration of supraphysiologic concentrations of LH to 

gonadectomized animals can induce aggression and other behavioral changes 

(Emanuele et al., 1991; Kawakami and Sawyer, 1959; Telegdy and Rozsashegvi, 

1971).   

 

1.6.2 Cognitive dysfunction syndrome 

Cognitive dysfunction syndrome is a neurodegenerative disorder of senior 

dogs, which is characterized by both cognitive changes and neurophysiological 

pathologies (Oates, 2004; Schutt et al., 2015). Memory impairment, poor problem 

solving skills, social disconnect, confusion, and day-night reversal may occur as the 

condition progresses. Gonadectomy significantly increases the development and 

progression of cognitive dysfunction syndrome in dogs (Benjamin, 2001). Increases 

in luteinizing hormone are associated with declines in cognitive performance 

(Casadesus et al., 2007).  In addition, elevated LH concentrations increase beta 

amyloid plaque formation and are implicated in the development of Alzheimer’s 

syndrome in humans (Verdile et al. 2014; Butchart et al., 2013). Therefore, it is 

possible that LH and its receptor are important in the development of cognitive 

dysfunction syndrome in gonadectomized dogs. 
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1.7 Neoplasia 

1.7.1 Prostate adenocarcinoma  

Unlike the condition in men, the aggressive nature of the canine prostate 

adenocarcinoma and the lack of a screening test make the identification of dogs with 

early-stage prostate cancer extremely problematic (LeRoy and Northup, 2009). In 

dogs, gonadectomy is the largest risk factor for the development of prostate 

adenocarcinoma (Cornell et al., 2000; Leav and Ling, 1968). Luteinizing hormone 

receptors are abundant in the prostate gland and increase in expression following 

gonadectomy (Reiter et al., 1995; Tao et al., 1995; Ponglowhapan et al., 2012). 

Prostate carcinomas in dogs are associated with a high rate of metastasis at 

presentation and poor prognosis even with aggressive local therapies (LeRoy and 

Northup, 2009). Prostatectomy is associated with significant postoperative morbidity, 

in particular urinary incontinence, without significantly extending survival times 

(Hardie et al., 1984; Basinger et al., 1989).  

 

1.7.2 Transitional cell carcinoma  

Transitional cell carcinomas can arise from the bladder or urethra, including 

the prostatic urethra (Osborn et al., 1968; Strafuss and Dean, 1975; Travin et al., 

1978; Wilso et al., 1979; Esplin, 1987). Even with surgical removal, radiation 

treatment and chemotherapy, the prognosis for dogs with transitional cell carcinomas 

is poor with only 16% of treated dogs surviving for over one year (Norris et al., 

1992). Gonadectomized dogs have a significantly higher risk of developing a 

transitional cell carcinoma compared with unaltered dogs (Norris et al., 1992). 

Luteinizing hormone receptors are widely distributed throughout the bladder and 
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urethra (Welle et al., 1999; Ponglowhapan et al., 2007; Ponglowhapan et al., 2008; 

Schwalenberg et al., 2012), and increase in expression following gonadectomy (Welle 

et al., 2007).  

 

1.7.3 Osteosarcoma 

Osteosarcoma is a highly metastatic cancer of bone tissue. Despite many 

advances over the past 20 years, survival times for dogs diagnosed with osteosarcoma 

have not changed, with the principal cause of mortality being the development of 

pulmonary metastases (Wycislo and Fan, 2015). Osteosarcoma occurs with 

significantly higher frequency in gonadectomized dogs (Cooley et al., 2002). The 

incidence of osteosarcoma in gonadectomized dogs is 1.3-2.0 times higher than in 

unaltered dogs (Ru et al., 1998). It is not known if LH receptors exist in the bone or if 

LH could be using an indirect mechanism to mediate the increased incidence of 

osteosarcoma. 

 

1.7.4 Hemangiosarcoma  

Hemangiosarcoma is a rapidly growing, highly invasive cancer arising from 

the lining of blood vessels and occurring almost exclusively in dogs. Primary tumors 

can arise in any vascular tissue but the spleen and heart are the most common 

locations for hemangiosarcoma to develop.  Even with surgical removal, the mean life 

expectancy is 86  days (range, 10–202  days) without adjunctive chemotherapy and 

189  days (range, 118–241  days) with adjuvant chemotherapy (Yamamoto et al., 

2013).  Many studies have confirmed the presence of LH receptors in vascular 
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endothelial and smooth muscle cells (Lei et al., 1993; Reshef et al., 1990). 

Gonadectomized female dogs have two times the risk for developing splenic 

hemangiosarcoma and five times the risk for developing cardiac hemangiosarcoma 

compared to unaltered females (Ware and Hopper, 1999; Zink et al., 2011; 

O’Connell, 2011; Zink et al., 2014).  

 

1.7.5 Lymphosarcoma 

 Lymphosarcoma is a cancer of lymphocytes and/or lymphoid tissues. 

Lymphosarcoma is the most common cancer diagnosed in dogs accounting for up to 

24% of all canine cancers (Vail et al., 2001). LH receptors are present in lymphocytes 

and lymphoid tissue (medulla of thymus) (Su et al., 2013). Gonadectomy increases 

the incidence of lymposarcoma (Zink et al., 2014).  Gonadectomized males are three 

times more likely to develop lymphosarcoma than unaltered males and about 1 in 10 

neutered males will develop lymphosarcoma (Torres et al, 2013).  

 

 

1.7.6 Mastocytoma 

 Mastocytoma is the most common skin tumor in dogs (Shoop et al., 2015). 

Luteinizing hormone receptors are abundant in the skin (Welle et al., 2006; Venencie 

et al., 1999).  Several studies have documented an increased risk for developing 

mastocytoma following gonadectomy in dogs (Torres et al, 2013; White et al., 2011; 

Zink et al., 2014).  

 

1.8 Conclusion 

Unrelated to any particular disease or major cause of death, years of gonad 

exposure prolong longevity (Waters et al., 2009). Based upon the review of the 

literature, it becomes clear that canine gonads are not merely reproductive organs but 
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critical to endocrine, musculoskeletal, behavior, and anti-neoplastic health. Among 

the non-reproductive functions of gonads, suppression of LH secretion and resulting 

LH receptor overexpression appear necessary in maintaining homeostasis.  Therefore, 

a surgical sterilization method that enables the dog to keep gonads intact while still 

preventing reproduction is likely to prolong its health. 
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CHAPTER 2 

CANINE THYROID GLANDS EXPRESS LH RECEPTORS 

 

2.1 Introduction 

 Hypothyroidism is a complex disease with a net effect of inadequate thyroid 

hormone (Mooney, 2011; Scott-Moncrieff, 2007; Almandoz and Gharib, 2012; 

Johnson et al., 2016; Raychaudhuri and Sanyal, 2016).  Primary hypothyroidism 

occurs when the gland itself is functioning inadequately (Garber et al., 2012). 

Secondary (or central) hypothyroidism occurs when there is insufficient stimulation 

by thyroid-stimulating hormone (TSH) (Klose and Rasmussen, 2016). In both 

primary and secondary hypothyroidism, the most common presenting dermatological 

and metabolic symptoms are alopecia, dry/poor quality coat, seborrhea, lethargy, 

exercise intolerance, weight gain, skin hyperpigmentation, pyoderma and cold 

intolerance.  These symptoms occur in combination more than 60% of the time 

(Mooney, 2011; Panceria, 1994; Dixon et al., 1999).  

 Hypothyroidism is the most common endocrine disorder of dogs, affecting 0.2 

- 0.8% of all dogs (Mooney, 2011; Johnson et al., 2016; Panceria, 1994).  

Hypothyroidism is more common with advancing age (Bagchi et al., 1990); the mean 

age at diagnosis is over 5 years (Panciera, 1994). Certain breeds have a higher risk for 

developing hypothyroidism including Doberman Pinschers, Miniature Schnauzers, 

Golden Retrievers, Cocker Spaniels, Shetland Sheepdogs, Irish Setters and 

Dachshunds (Nesbitt et al., 1980; Milne and Hayes, 1981; Panciera 1994; Dixon et 

al., 1999). In these high-risk breeds, young dogs may also be affected with 
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hypothyroidism (Milne and Hayes, 1981).  

In humans, there are several different genetic risk factors for the development 

of autoimmune thyroid disease (Mooney, 2011), including a polygenic predisposition 

or autoimmune hypothyroidism resulting from one of seven genes (AIRE, FOXP3, 

IL2RA, ITCH, LRBA, STAT1, and STAT3) (Johnson et al., 2016; Raychaudhuri and 

Sanyal, 2016). In contrast, one gene has been implicated in hypothyroidism and 

lymphocytic thyroiditis in a number of dog breeds including the Doberman Pinscher, 

Rhodesian Ridgeback, English Setter and Giant Schnauzer. This gene is the major 

histocompatibility complex (MHC) dog leukocyte antigen (DLA) haplotype or allele 

associations (Kennedy et al., 2006; Wilbe et al., 2010).  

 Gonadectomized dogs also have a higher risk for developing hypothyroidism, 

with an overall incidence of 30%; which is significantly higher than the general dog 

population (Milne and Hayes, 1981). It is of interest to note that hypothyroidism also 

affects 10–15% of postmenopausal women (Giri et al., 2014). Following 

gonadectomy or menopause and a lack of negative hormonal feedback, circulating 

luteinizing hormone (LH) concentrations increase significantly and remain 

persistently elevated. It is also of interest to note that LH receptors are expressed in 

normal and adenomatous human thyroid glands (Liu et al., 2014). However, it is not 

known if LH receptors are present in canine thyroid glands.  Therefore, we 

hypothesized that LH receptors would be present in canine thyroid glands at the same 

level of expression as reported in humans. 
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2.2 Material and Methods 

   Formalin-fixed paraffin-embedded archived thyroid tissue from eight dogs of 

mixed genders and breeds (Table 2.1) was used for this investigation. Based upon a 

result of previous study, canine skin express LH receptors (Welle et al., 2006). 

Formalin-fixed paraffin-embedded archived skin and bladder tissues from a separate 

dog (9 year old mixed breed neutered male) were used as positive a control for this 

investigation. Serial 6 µm sections were cut from paraffin blocks and mounted on 

poly-l-lysine-coated slides, deparaffinized in xylene, rehydrated in graded ethanol 

series (100%, 75%, 50%), and subjected to heat-induced epitope retrieval (#S1700, 

Dako). In this procedure, slides were placed in boiling sodium citrate at Nordicware® 

tender cooker, then continue to boil in microwave for a total of 10 minutes, then allow 

slides to cool to room temperature within solution for about 20 minutes. The action of 

tissue-specific endogenous peroxidase activity was inhibited by incubating slides in 

3% H2O2 and nonspecific binding was blocked with 1% horse serum. Goat polyclonal 

anti-human LH receptor (SC-26341, Santa Cruz Biotechnology) or mouse monoclonal 

IgG1 TSH receptor (SC-53542) was applied at a dilution of 1:50 or 1:100, respectively.  

Primary antibodies were incubated for one hour at room temperature. Negative 

controls from each tissue were treated in the same way except in the absence of 

primary antibody. Slides were then reacted for 30 minutes with biotinylated horse anti-

goat IgG (Vector Laboratories, Burlingame, CA) and incubated for 30 minutes with 

avidin-biotin-peroxidase complex (#PK6105, ABC kit, Vector Laboratories) followed 

by a brief incubation with Nova Red Peroxidase substrate (#SK4800, Vector 

Laboratories). Slides were counter-stained with hematoxylin, dehydrated, and 
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mounted. Cells positively expressing LH receptor were counted under light Images 

were digitally captured at 400X magnification.  
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Table 2.1. Signalment of the subjects used to determine LH receptor 
immunoexpression in canine thyroid tissue. The expression of thyrocytes varied 
considerably among individuals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reproductive Status Age Breed 
Thyroid cells 

expressing LH 
receptors 

Spayed Female 2 months Labrador Retriever 5% 
Intact Male 5 months American Pit Bull Terrier 51% 

Spayed Female 6 months Labrador Retriever 19% 
Spayed Female 2 years Maltese 62% 

Intact Male 6 years Rottweiler 66% 
Castrated Male 10 years Irish Setter 38% 

Spayed Female 12 years Cairn Terrier 60% 

Spayed Female 15 years Border Collie 71% 
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2.3 Results 

 LH receptor immunostaining was strong in epidermis as well as hair bulbs 

(Figure 2.1). LH receptor expression was evident in all thyroid tissue sections with a 

mean ± standard deviation percentage of positive cellular expression of 46.5 ± 23.8% 

(Table 2.1). There was no TSH receptor expressed in the skin (data not shown). The 

pattern of LH receptor immunoexpression was localized to thyroid follicular 

epithelial cells with no signs of immunoreactivity observed in the other thyroid 

constitutive structures (Figure 2.2). Some cells showed cap-like immunostaining. In 

fact, the LH receptor immunostaining in the canine thyroid could not be differentiated 

from that of TSH receptor (Figure 2.3), whose immunoexpression has been 

previously reported in cows and rats (Schmid et al., 1988). There was no positive 

staining evident in any of the negative control tissue sections (Figures 2.1-2.3). 

2.4 Discussion 

 LH receptor immunoexpression has been previously described in many canine 

tissues including the skin (Welle et al., 2006; Venencie et al., 1999), lower urinary 

tract (bladder and urethra) (Ponglowhapanet al., 2007; Ponglowhapan et al., 2008), 

and adrenal cortex (Galac et al., 2010). However, this is first study to show that the 

canine thyroid gland express LH receptors.  Using a cut-off of at least 25% of cells 

staining positive for LH receptors, Liu and colleagues (2014) reported that 16.7% of 

normal human thyroids are positive for LH receptors. If the same cut-off was used for 

dogs, 6 out of 8 (75%) of dog thyroids would be positive for LH receptors.   
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Figure 2.1 Immunohistochemical localization showing immunoexpression for LH 
receptor in canine epidermis (A; Scale bar = 50 µm) and hair follicles (B; Scale bar = 
88 µm). Negative controls for LH receptor immunostaining are shown as inset 
images.  
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Figure 2.2 Immunohistochemical localization showing immunoexpression for LH 
receptor in canine thyroid from a dog with a low percentage of positive expression 
(A; Scale bar = 5 µm) and a high percentage of positive expression follicles (B; Scale 
bar = 5 µm). Negative controls for LH receptor immunostaining are shown as inset 
images.  
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Figure 2.3 Immunohistochemical localization showing immunoexpression for TSH 
receptor in canine thyroid. Negative controls for LH receptor immunostaining are 
shown as inset images. (Scale bar = 5 µm)  
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In the Liu study (2014), they also reported that patients with the highest serum LH 

concentrations had the highest LH receptor expression in the thyroid. In the current 

study, two of the eight dogs (25%) were intact males with presumably low levels of 

LH compared to the other gonadectomized dogs, yet the percentage of LH receptor 

positive cells in the intact dogs was relatively high (51% and 66%, respectively).  

 In women who have undergone gonadectomy, LH concentrations are three 

times higher after ovary removal while both tri-iodothyronine (T3) and tetra-

iodothyronine (T4) levels are significantly reduced after ovary removal (De Leo et al., 

1993). This observation provides evidence that a causal relationship could exist in 

dogs as well. Unfortunately, serum luteinizing hormone and thyroid hormone 

concentrations were not measured from the dogs used in the current study.  In other 

species, the role of LH receptor activation in thyroid has not been well described but 

may involve secondary events including adenylate cyclase activation, similar to TSH 

receptor activation. Future studies should attempt to correlate LH receptor staining 

with thryocyte adenylate cyclase activity or other secondary events involved with G-

protein coupled receptor activation.  

 Since gonadectomized dogs have significantly elevated circulating LH 

concentrations and have a higher risk for developing hypothyroidism (Milne and 

Hayes, 1981), it is worth speculating what the effects of reducing LH concentrations 

would have on thyroid hormone secretion.  If LH concentrations in gonadectomized 

dogs were reduce using GnRH agonists or immunization, normal thyroid function 

may be restored similar to restoring urinary continence in incontinent dogs (Reichler 

et al., 2003; Reichler et al., 2006; Donovan et al., 2013; Donovan et al., 2014). 
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Research for alternative methods for treating and prevention of hypothyroidism in 

gonadectomized dogs is needed. 

 Evidence from the current study supports the changing views in veterinary 

medicine that canine gonads are not merely reproductive organs but critical to 

endocrine health.  Hormones produced by gonads are necessary in maintaining LH 

homeostasis, which may have effects on the thyroid gland and its secretions.  
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CHAPTER 3  

LH RECEPTORS IN CANINE HEMANGIOSARCOMA 

 

3.1 Introduction 

 Hemangiosarcoma is a rapidly growing, highly invasive cancer arising from 

the lining of blood vessels. Hammer and colleagues (1991) reported that 50% of all 

canine hemangiosarcomas were of primary splenic origin; whereas 25% were right-

atrial hemangiosarcomas, 13% were of subcutaneous origin, 5% arose from the liver, 

and 7% arose from the liver and/or spleen. Canine hemangiosarcomas have also been 

reported in the lungs, muscle and oral cavity (Brown et al., 1985). Regardless of the 

location, canine hemangiosarcoma has a poor prognosis because many affected 

individuals die suddenly due to the rupture of primary or metastatic tumors and 

subsequent exsanguination (Brown et al., 1985).   

 Canine hemangiosarcoma occurs in 0.3 to 2% of dogs (Hammer et al., 1991). 

Affected dogs are typically older than 5 years of age (Ng and Mills, 1985; Brown et 

al., 1985). German shepherds are overrepresented compared to other breeds by 

34.33% (Ng and Mills, 1985; Brown et al., 1985). In addition to age and breed 

predisposing factors, gonadectomy also increases the incidence of developing 

hemangiosarcoma. Prymak (1988) reported that gonadectomized female dogs are 

twice as likely to develop splenic hemangiosarcoma. This finding was supported in 

two recent studies that reported female dogs gonadectomized over 12 months of age 

were four times (de la Rivera et al., 2013) or up to ten times more likely for 

developing splenic hemangiosarcoma compared to females who were intact (Zink et 
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al., 2014).   

In the normal adult mammal, the hypothalamus secretes gonadotropin-

releasing hormone (GnRH), which stimulates the anterior pituitary gland to release of 

luteinizing hormone (Meethal and Atwood, 2005).  Luteinizing hormone (LH) 

stimulates the secretion of gonadal steroid hormones (testosterone in males and 

estrogen/progesterone in females). These gonadal steroid hormones then negatively 

feedback to the hypothalamus and anterior pituitary to decrease the secretion of 

GnRH and LH, respectively. However, in the gonadectomized mammal, there is no 

negative feedback, which results in supraphysiologic circulating concentrations of 

LH. In gonadectomized dogs, LH concentrations are more than thirty times the 

concentrations found in normal adult dogs (Beijerink et al., 2007). 

Although there are LH receptors present throughout the body, the vast 

majority of LH receptor activation has been investigated in corpus luteal cells. 

Luteinizing hormone stimulates multiple signal transduction effector systems. 

Binding of LH to its G-protein-coupled receptor results in activation of the adenylate 

cyclase/cyclic AMP (cAMP)/cAMP-dependent protein kinase (PKA) signaling 

pathway (Davis et al., 1996). These second messengers activate a series of protein 

kinases in the mitogen-activated protein (MAP) kinase cascade, leading to the 

activation of nuclear transcription factors c-fos and c-jun. These protein kinases and 

transcription factors then interact with the signaling pathways activated by growth 

factors, which recruit additional signaling molecules (phospholipase Cgamma, 

phosphatidylinositol 3-kinase, Shc, Grb2, etc.) (Davis et al., 1996). LH receptor 

activation has also been shown to activate a class of cAMP-binding proteins termed 
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'guanine nucleotide exchange factors' (cAMP-GEFs), which allow cAMP to effect 

signal transduction independent of PKA (Chin and Abayasekara, 2004).   

 Based upon the known mitogenic actions of LH and the increased prevalence 

of hemangiosarcoma observed in gonadectomized dogs, we hypothesized that LH 

receptors will be expressed in primary cases of canine splenic hemangiosarcoma as 

well as in metastatic lesions of canine splenic hemangiosarcoma but not in normal 

splenic tissue.  

3.2 Material and Methods 

 Formalin-fixed paraffin-embedded archived tissues from primary splenic 

hemangiosarcoma (n=7) and metastatic hemangiosarcoma (n=4) (Table 3.1), and 

normal spleen (n=3) were used for this study. Samples of normal spleen were 

collected from 7 year old, castrated male mixed breed, 8-year-old, castrated male 

mixed breed, and 8 year old, spayed female Golden Shepherd. Formalin-fixed 

paraffin-embedded archived skin tissues were used as positive a control for this 

investigation. Serial 6 µm sections were cut from paraffin blocks and mounted on 

poly-l-lysine-coated slides, deparaffinized in xylene, rehydrated in graded ethanol 

series (100%, 75%, 50%), and subjected to heat-induced epitope retrieval. Briefly, 

slides were placed in sodium citrate (#S1700, Dako) and microwaved in a 

Nordicware® tender cooker until boiling for a total of 10 minutes. Slides were then 

allowed to cool to room temperature for about 20 minutes. The action of tissue-

specific endogenous peroxidase activity was inhibited by incubating slides in 3% 

H2O2 and nonspecific binding was blocked with 1% horse serum. Goat polyclonal 

anti-human LH receptor (SC-26341, Santa Cruz Biotechnology) was applied at a 1:50 



46 
 

 

 
Table 3.1 Reproductive status, age, and breed of the subjects used in the study. The 
histopathologic diagnosis as well as the presence of LH receptors and survival time 
following diagnosis is also shown. 
 
 
 
 
 

Reproductive 
Status 

Age 
(years) 

Breed Histopathologic 
diagnosis 

Results Survival 
time (days) 

Castrate 8 Golden 
Retriever 

Splenic 
hemangiosarcoma Positive 

 
35 days 

 

Castrate 9 Mixed Splenic 
hemangiosarcoma Positive 

 
46 days 

 

Castrate 9 Golden 
Retriever 

Splenic 
hemangiosarcoma Positive 

 
NA 

 

Intact 
Female 9 Golden 

Retriever 
Splenic 

hemangiosarcoma Positive 
 

NA 
 

Intact male 7 German 
Shepherd 

Splenic 
hemangiosarcoma Negative 

 
15 days 

 

Castrate 9 Golden 
Retriever 

Splenic 
hemangiosarcoma Negative 

 
32 days 

 

Spay 11 Golden 
Retriever 

Splenic 
hemangiosarcoma Negative 

 
NA 

 

Castrate 8 Mixed 
Metastatic 

hemangiosarcoma 
(Lung) 

Positive 
 

NA 

Castrate 9 Cocker 
Spaniel 

Metastatic 
hemangiosarcoma 

(Perirenal) 
Positive 

 
299 days 

Spay 11 Labrador 
Retriever 

Metastatic 
hemangiosarcoma 

(Lung) 
Negative 

 
165 days 

Castrate 9 Golden 
Retriever 

Metastatic 
hemangiosarcoma 

(Liver) 
Negative 

 
32 days 
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dilution for one hour at room temperature. Negative controls from each section were 

treated in the same way except in the absence of primary antibody. 

Because normal canine skin express LH receptors (Welle et al., 2006), an 

archived paraffin-embedded skin sample from a 9 year old, neutered male, mixed 

breed dog was used as a positive control and processed in the same way as the 

hemangiosarcoma tissues. All slides were then reacted for 30 minutes with 

biotinylated horse anti-goat IgG (Vector Laboratories, Burlingame, CA) and 

incubated for 30 minutes with avidin-biotin-peroxidase complex (#PK6105, ABC kit, 

Vector Laboratories) followed by a brief incubation with Nova Red Peroxidase 

substrate (#SK4800, Vector Laboratories). Slides were counter-stained with 

hematoxylin, dehydrated, and mounted. Cells positively expressing LH receptor were 

counted under light microscopy by a single observer (Zwida). Images were digitally 

captured at 400X magnification. 

 

3.3 Results 

 Normal spleen sections were negative for LH receptors from three dogs (data 

not shown). However, 4 of the 7 dogs (57.14%) with primary hemangiosarcoma had 

splenic stromal cells that were positive for LH receptor expression (Figure 3.1). LH 

receptor cellular localization in hemangiosarcoma was cytoplasmic and granular, 

similar to the positive control canine skin sections (data not shown). In addition, 2 of 

the 4 dogs (50%) with metastatic hemangiosarcoma tumors expressed LH receptors 

(Figure 3.2). There was no positive staining in the negative controls (Figure 3.1 and 

3.2).   
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 The average survival time after diagnosis for splenic hemangiosarcoma that is 

LH receptor positive is 40.5 days compared to only 23.5 days for LH receptor 

negative tumors (Table 3.1). Additionally, the average survival time after diagnosis 

for metastatic hemangiosarcoma that is LH receptor positive is 299 days compared to 

98.5 days for LH receptor negative tumors (Table 3.1). Although a statistical 

comparison between groups could not be performed because of the small sample size, 

there was an apparent increase in survival time in those dogs with tumors that were 

LH receptor positive. 

 

3.4 Discussion 

  Previous studies have confirmed the presence of LH receptors in vascular 

tissue. In humans, LH receptors present in vascular endothelial and smooth cells in 

uterus are involved in the cyclic regulation of blood flow and angiogenesis (Lei et 

al., 1992; Reshef et al., 1990). LH receptors have also been confirmed in vascular 

smooth muscle cells in canine bladder and skin (Welle et al., 2006). The spleen is a 

specialized vascular organ for filtering blood, whose parenchyma is comprised of 

two types of tissue: lymphoid nodules (white pulp) and vascular splenic cords with 

venous sinuses (red pulp). In canine splenic hemangiosarcoma, all of the positive LH 

receptor staining was localized to the vascular (red pulp) areas of the spleen. 

However, splenic microanatomy changes dramatically after death making it nearly 

impossible to differentiate the cell origin (vascular, lymphocyte, etc.) of the LH 

receptor positive cells in the spleen. 
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Figure 3.1 A: Immunohistochemical localization showing the expression of LH 
receptors (cytoplasmic and granular) in splenic vascular (red pulp) tissue with 
negative in splenic hemangiosarcoma. B: Negative control. C: Adjacent section 
stained with hematoxylin and eosin for tissue orientation. (Scale bar = 10 µm) 
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Figure 3.2 A: Immunohistochemical localization showing the expression of LH 
receptors in metastatic hemangiosarcoma (perirenal). B: Negative control. C: 
Adjacent section stained with hematoxylin and eosin for tissue orientation. (Scale bar 
15 = µm)  
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 It is not unexpected that all canine hemangiosarcomas did not express LH 

receptors as hormone receptor expression can change in tumors as neoplastic cells 

dedifferentiate. One of the best examples of this phenomenon can be found in the 

discordance between estrogen, progesterone, and HER2/neu receptors in primary and 

metastatic breast tumors in women; namely that tumors tend to lose receptor 

expression as they progress rather than gain it (Yeung et al, 2016).  In cases of canine 

hemangiosarcoma, those tumors that are LH receptor positive may respond to GnRH 

agonist therapy with prolonged remission times compared to those cases not treated 

with a GnRH agonist or those tumors that are no longer LH receptor positive. 

Although information regarding tumor staging after diagnosis for each dog was not 

available, veterinarians who submitted the hemangiosarcoma samples did share 

patient survival times following tumor removal (Table 3.1). Unfortunately, a 

correlation between LH receptor expression and survival times wasn’t found. 

 This is the first report to show that LH receptors are present in canine 

hemangiosarcoma and provides evidence for how gonadectomy may increase the 

incidence of cancer in dogs. LH receptor activation within the corpus luteum induces 

angiogenesis indirectly via VEGF expression and secretion (Grazul-Bilska et al., 

1997; Redmer et al., 1988; Ferrara et al., 1998). VEGF then stimulates migration of 

endothelial cells (Geva and Jaffe, 2000; Zhang et al., 2011). The mechanism of action 

of LH ligand-receptor binding outside of the reproductive tract has not been studied.  

However, the current study has demonstrated a possible mechanism by which LH 

receptor activation can result in canine splenic oncogenesis.  More research in this 

area is needed. 
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CHAPTER 4 

CONCLUSIONS AND FUTURE DIRECTIONS 

 This is the first time LH receptor expression has been documented in the 

canine thyroid gland and in canine hemangiosarcoma. While all canine thyroid glands 

expressed LH receptors, there were individual differences in the percentage of cells 

expressing LH receptors.  However, not all canine hemangiosarcomas expressed LH 

receptors.  This was not unexpected because hormone receptor expression can change 

in tumors as neoplastic cells dedifferentiate.  

To date, only one isoform of the LH receptor has been reported in the dog and 

the LH receptor antibody used for this study was one that was previously validated 

for use in the dog (Ponglowhapan et al., 2007). However, the antibody manufacturer 

provided no information stating that this antibody was for the entire receptor or for a 

truncated segment. In other species, there are multiple isoforms of the LH receptor. 

For example, there are three different LH receptor isoforms found in pigs, chickens 

and turkeys; one isoform is expressed in gonadal tissue and the other two are found in 

non-gonadal tissues (You et al., 2000). In humans, two LH receptor isoforms exist 

(gonadal and placental) (Minegishi et al., 1997). Given the existence of multiple 

isoforms of LH receptors in other species, it is possible that other isoforms exist in the 

dog as well and these isoforms may not bind with the same affinity to the antibody we 

used in this study.  Future research in this area is warranted. 

There were many limitations in these studies. Although it was known if the 

dogs were spayed or neutered, it was not known when they had been spayed or 

neutered (early age or later in life) to see if this may have had an influence on the 
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findings. The levels of circulating of thyroid hormone at the time of euthanasia 

(thyroid tissue collection) were not known so that the level of LH receptor expression 

could not be compared with thyroid hormone concentration. Hemangiosarcoma tumor 

staging after diagnosis was only available for some dogs. However, veterinarians who 

submitted the hemangiosarcoma samples were contacted to see if there was any 

correlation with survival time following tumor removal and LH receptor expression 

and none was found. And lastly, due to the small size between groups (thyroid: intact 

versus gonadectomized; hemangiosarcoma: LH receptor positive or negative), there 

was not sufficient power to use statistics.  Although attempts were made to gather 

more tissues from the veterinary diagnostic laboratory, local veterinarians, and animal 

shelters, we were not successful. 

 Reducing LH concentrations in gonadectomized dogs using GnRH agonists or 

immunization may restore normal thyroid function similar to restoring urinary 

continence in incontinent dogs. In cases of canine hemangiosarcoma, those tumors 

that are LH receptor positive may respond to GnRH agonist therapy with prolonged 

remission times compared to those cases not treated with a GnRH agonist or those 

tumors that are no longer LH receptor positive. These physiological responses could 

be evaluated in canine specific cell lines in vitro by measuring cAMP production 

(Reiter et al., 1995), proliferation, or invasion following stimulation of the LH 

receptor with human chorionic gonadotropin (hCG). 

 Based upon review of the literature and the results of this thesis research, it 

becomes clear that canine gonads are not restricted to reproductive purposes but 

critical to endocrine, musculoskeletal, behavior, and anti-neoplastic health. Therefore, 
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this thesis evidence supports the changing views in veterinary medicine that a surgical 

sterilization method that enables the dog to keep gonads intact (e.g. hysterectomy or 

vasectomy) while still preventing reproduction is likely to maintain health and 

prolong life. 

In conclusion, the present study have provided two first reports that show the 

expression of LH receptors in canine thyroid gland and canine hemangiosarcoma 

tissues and provides evidence for how gonadectomy may increase the incidence of 

hypothyroidism as well as cancer in dogs, but more research in this area is needed for 

limitations that mentioned above.  
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APPENDIX A    

IMMUNOHISTOCHEMISTRY TECHNIQUE IN DETAILS 

 

Immunohistochemistry (IHC) is immunological and biochemical technique used to 

identify discrete tissue components by the interaction of target antigens with specific 

antibodies tagged with a visible label. The following pages provide the detailed and step-

wise immunohistochemistry techniques used in this thesis research. 

 
Step 1. Label and determine slide number. As example below: 

 

Step 2. Deparaffinize  

• Submerge slides in three successive xylene baths (X1, X2, X3) for 3 min each at 

room temperature to remove paraffin embedding from tissues. Do not allow slides 

to dry during this step. 

Step 3. Rehydrate  

• Submerge slides in graded ethanol at room temperature. Do not allow slides to dry 

during this step. 

• 100% ethanol (E1) for 3 min 

• 75% ethanol (E2) for 3 min 

Slides  Numbers Labeled VDL number Diagnosis 

Slide #1 LHR Negative XXX XXX 

Slide # 2 LHR 1:50 

Slide #3 LHR Negative XXX XXX 

Slide #4 LHR 1:50 
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• 50% ethanol (E3) for 3 min  

 Step 4. Wash  

• Rinse sections well in MQ. 

 Step 5. Antigen retrieval  

• Place the slides in a 250 ml plastic staining container, containing a 24-slide 

holder.  Fill all remaining spaces in the holder with blank slides.   

• Fill the staining container with the appropriate retrieval reagent and put a lid on it.  

There must be enough solution to cover all of the tissues.   

• Place ~600 ml of MQ water in the Nordicware® tender cooker. 

• Place the plastic container filled with slides in the tender cooker.  If two 

containers are used for the slides, a third 250 ml plastic staining container must be 

filled with deionized water, covered with a lid, and placed in the cooker. This will 

balance the containers in the cooker. 

• Place the rubber gasket in the rim of the cooker.  Make sure that the gasket is 

completely in the groove of the cooker. 

• Gently place the lid of the cooker (without the red weight) on top of the gasket 

and turn it to get a proper seal.  This may take several tries. 

• Place the red weight on top of the lid of the cooker. 

• Place the cooker in the microwave, set the microwave for 10 minutes, and start it. 

• When the yellow pressure valve on the cooker rises, start a timer for 10 minutes. 

Listen for a slight hissing sound.  As the volume increases, periodically stop and 

start the microwave at intervals of approximately 10-15 seconds until the 

specified time is complete.  
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• Wearing oven mitts, insert a transfer pipette or microspatula between the red 

weight and the lid of the cooker to vent slowly the steam from the cooker until the 

yellow pressure valve goes down. 

• Carefully carry the cooker to the bench and open the lid. 

• Remove the containers full of slides and allow them to cool on the bench for 

 20 minutes. 

 Step 6. Wash  

• Wash the slides in dWater. 

• Dry very well around the tissues, but make sure you are drying on the correct 

side—do not damage tissue, then put the pen barrier around them. 

 Step 7. Prevent endogenous peroxidase activities 

• Using stock solution of 30% hydrogen peroxidase, make a 1:10 dilution into an 

Eppendorf tube.  

• Apply 3% hydrogen peroxide to tissue to completely covered and incubate at 

room temperature for 10 minutes. 

Slide # Dilution H2O2 30% dWater Total 

4 slides 1:50 24 µL  1176 µL 1200 µL  

 

 Step 8. Wash 

• After tap off H2O2 solution, then rinse well in dWater risin. 

 Step 9. Prevent Nonspecific Binding  

• Tap off excess buffer and apply several drops of Diluted Normal Blocking Serum 

to tissue until completely covered.  
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• 10 ml buffer, 3 drops of stock (yellow label), and mixed very well, then incubates 

at room temperature for 20 minutes.  

• Tap off protein block serum (do not wash) and do not allow slide to dry out. 

• Blot excess serum from sections. 

 Step 10. Dilute primary antibody 

Slide # Dilution Anti-LHR  Buffer Total 

2 LHR slides 1:50 12 µL 588 µL 600 µL  

Remaining slides Drops from buffer 

 

 Step 11. Apply Primary Antibodies and Universal Negative 

• After mixed well in mixer, apply diluted primary antibody to each of the LHR 

slides.  

• Add buffer to remaining 6 slides for negative control. Incubate slide for 60 min at 

room temperature.  

 Step 12. Wash 

• After incubation with the primary antibody and universal diluent, then wash 

dWater. 

 Step 13. Dilute biotinylated secondary antibody 

• Add 10 ml buffer, 3 drops normal blocking serum stock (yellow label), and one 

drop of biotiylated antibody stock (blue label).  

 Step 14. Apply Secondary Antibodies: 

• Apply diluted secondary antibody to each slide and incubate slide for 30 minutes 

at room temperature. 
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 Step 15. Wash 

• After incubation with the secondary antibody, then wash in dWater.  

Step 16. ABC reagent 

• Add 5 ml buffer, 2 drop of reagent A (gray label), 2 drops of reagent B (gray 

label), mix them well.  

• Apply ABC reagent to each slide and incubate the slides for 30 min, then wash in 

wash buffer for 5 min. 

• Make this reagent 30 min before. 

 Step 17. Peroxidase activity detection 

• Using the VECTOR NovaRED Peroxidase Substrate Kit (#SK-4800), add 3 drops 

of Reagent 1 to 5 mL of distilled water and mix well.  

• Add 2 drops of Reagent 2, 2 drops of Reagent 3, and 2 drops of Hydrogen 

Peroxide Solution, mixing well in between each addition. 

• Incubate for 5-15 minutes at room temperature and check 1:50 under microscope 

to ensure adequate incubation time (desired color).  

 Step 18. Wash 

• After incubation with NovaRED, then wash slides in dH20.  

 Step 19. Nuclear Counterstain 

• Hematoxylin histological staining reagent (#S3301) is ready to use. Stain for 10-

30 min by checking for desired amount of counterstaining, and then wash in 

dH2O.  

 Step 20. Destain with Lithium carbonate 1%. 

• Dip in lithium carbonate, and then wash in dH2O. 
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 Step 21. Dehydration 

• Dehydrate the tissue slides through 3 changes of ethanol (50%, 75%, 100%) 3 

min each.   

 Step 22. Xylene Baths  

• Place the slides in three successive xylene baths (X3, X2, and X1) for 3 min each 

at room temperature. 

 Step 23. Mounting Media 

• Mount sections with Richard-Allan Scientific Cytoseal XYL (#8312-4) and add 

coverslips. 
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Figure A.1 Flowchart of immunohistochemistry protocol. 
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APPENDIX B    

OPTIMIZING LH RECEPTOR ANTIBODY DILUTIONS 

 Although immunohistochemistry is a powerful research tool, the results can be affected 

by primary and second antibody concentrations as well as incubation times and 

temperatures. These variables need to be optimized for each primary antibody to achieve 

specific antigen detection and low background. Incorrect primary antibody dilution can 

cause high background signal and unreliable results. For this thesis, three different dilutions 

(1:50, 1:25, and 1:10) were tested with formalin-fixed paraffin-embedded canine testicular 

and skin tissues using the methodology described in Appendix A. These dilutions were 

tested based upon the previous work by Ponglowhapan and others (2007). Different 

incubation times were also compared. For the 1:50 and 1:10 dilutions, the primary antibody 

was incubated for 1 hour room temperature; whereas for the 1:25 dilution, the primary 

antibody was incubated overnight at 4 °C. 

 The results from these dilution studies are shown in Figures B.1 and B.2. 

Immunoexpression of LHR was evident in the skin sections under all conditions.  However, 

expression was considerably weaker in the testis at 1:50 compared to 1:10. Although the 

expression of LHR in the testis was similar at 1:10 compared to 1:25, the differences in 

incubation times (1 hour versus overnight) made the 1:10 dilution a more feasible option 

for processing a large number of samples.   
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Figure B.1 Immunohistochemical localization showing the protein expression for LH 
receptor in the skin tissue (epidermis); A. LHR antibody diluted at 1:50; C. LHR 
antibody diluted at 1:25; E. LHR antibody diluted at 1:10; B, D, and F. Primary 
antibody has been substituted with buffer.  
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Figure B.2 Immunohistochemical localization showing the protein expression for LH 
receptor in the testicular tissue; A. LHR antibody diluted at 1:50; C. LHR antibody 
diluted at 1:25; E. LHR antibody diluted at 1:10. B, D, and F. Primary antibody has 
been substituted with buffer.  
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APPENDIX C 

LH RECEPTORS IN OTHER NON-NEOPLASTIC TISSUES  

 We hypothesized that LH receptors are also present in normal canine spleen 

tissues. Samples of normal spleen were collected from three dogs; 7 year old, castrated 

male mixed breed, 8-year-old, castrated male mixed breed, and 8 year old, spayed 

female Golden Shepherd. The aim of this study was to determine if LH receptors are 

expressed in these tissues and to quantify the level of cellular expression using the 

methodology described in Appendix A. Formalin-fixed, paraffin-embedded canine skin 

and bladder tissue were used as a positive control for LH receptor expression. 

 Although LH receptor expression was evident in the bladder (Figure C.1) and 

skin tissues (Figure C.2), there was no expression of these receptors in any of the spleen 

tissues examined (Figure C.3) .   

 

.  
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Figure C.1 Immunohistochemical localization showing the protein expression for LH 
receptor in the bladder tissues 
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Figure C.2 Immunohistochemical localization showing the protein expression for LH 
receptor in the skin tissues 
 

 



71 
 

 

 

Figure C.3 Immunohistochemical localization showing no LH receptor expression in 
normal spleen tissues. 
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APPENDIX D 

PRESENTED AT 29TH ANNUAL BIOLOGY GRADUATE STUDENT 

SYMPOSIUM (BGSS; NEWPORT, OR) AND 2016 ANNUAL CONFERENCE 

FOR THERIGENOLOGY (SFT; ASHEVILLE, NC) 

  Canine Thyroid Gland Expresses Luteinizing Hormone Receptors 

Khawla Zwida, Michelle Kutzler 

Department of Animal and Rangeland Sciences, Oregon State University, Corvallis, 

OR 97331 

Hypothyroidism is a complex disease with a net effect of inadequate thyroid hormone 

receptor activation.1 The incidence of hypothyroidism is 10-15% in postmenopausal 

women2 and 30% in gonadectomized dogs3.  Circulating luteinizing hormone (LH) 

concentrations are significantly and persistently elevated in both of these populations. 

LH receptors are expressed in normal human thyroid glands4. We hypothesized that LH 

receptors were also present in normal canine thyroid glands. The aim of this study was 

to determine if LH receptors were expressed and to quantify the level of cellular 

expression. Thyroid and bladder tissue were removed from two dogs (2 months old 

Labrador Retriever female and 6 months old Labrador Retriever mix spayed female) 

postmortem, formalin-fixed, paraffin-embedded, and sectioned (6 µm) onto charged 

slides. Testicular tissue from a separate dog obtained following castration was treated in 

the same manner. All slides were deparaffinized, rehydrated, subjected to heat-induced 

epitope retrieval (#S1700, Dako, Carpinteria, CA). Endogenous peroxidase activity was 

inactivated with 3% H2O2 and nonspecific binding was blocked with 1% horse serum. 

Goat polyclonal anti-human LHR antibody (SC-26341, Santa Cruz Biotechnology, 
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Dallas, TX,) was applied at a 1:50 dilution. Negative controls from each tissue were 

treated in the same way except in absence of primary antibody. Slides were then reacted 

with biotinylated horse anti-goat IgG (Vector Laboratories, Burlingame, CA) and 

incubated with avidin-biotin-peroxidase complex (#PK6105, ABC kit, Vector 

Laboratories) followed by Nova Red Peroxidase substrate (#SK4800, Vector 

Laboratories). Slides were counter-stained with hematoxylin, dehydrated, and mounted. 

The percentage of cells positive for LHR was determined at 400X magnification.  

Canine thyrocytes expressed LH receptors in 5% and 19% of the cells counted.  LH 

receptor expression was also evident in bladder tissue from the same animals as well as 

in positive control testis. There was no positive staining evident in any of the negative 

control tissue sections. This is the first report of LH receptor expression in the canine 

thyroid. Additional studies are needed to determine if the unregulated hypersecretion of 

LH after gonadectomy is responsible for the incidence of hypothyroidism observed in 

these dogs. 

References      1Mooney CT. Canine hypothyroidism: a review of aetiology and 

diagnosis. N Z Vet J 2011; 59(3): 105-14.   2Giri A, Edwards TL, LeGrys VA, et al. 

Subclinical hypothyroidism and risk for incident ischemic stroke among 

postmenopausal women. Thyroid 2014;24(8):1210-7.  3Milne KL, Hayes HM Jr. 

Epidemiologic features of canine hypothyroidism. Cornell Vet.1981;71(1):3-14.   4Liu 

J, Chen G, et al. Serum levels of sex hormones and expression of their receptors in 

thyroid tissue in female patients with various types of thyroid neoplasms. Pathol Res 

Pract. 2014;210(12):830-5.  

Key words Dog, gonadectomy, hypothyroidism, immunohistochemistry.   
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APPENDIX E 

PRESENTED AT 2016 JOINT ANNUAL MEETING (JAM; SALT LAKE, UT) 

AND 2016 NORTHWEST REPRODUCTIVE SCIENCES SYMPOSIUM 

(NWRSS; CORVALLIS, OR) 

 

Canine Hemangiosarcoma Expresses Luteinizing Hormone (LH) Receptors 

Khawla Zwida, Michelle Kutzler 

Department of Animal and Rangeland Sciences, Oregon State University, Corvallis, 

OR 97331 

 Throughout most of the developed world, surgical sterilization via gonadectomy 

has become a common tool for combating the overpopulation of unwanted dogs as well 

as to eliminate the risk of reproductive diseases in pet dogs. However, canine 

gonadectomy increases the risk of several non-reproductive long-term disorders 

possibly due to a loss in negative feedback to the anterior pituitary, which results in 

supraphysiologic circulating concentrations of LH. In addition to its reproductive 

hormone action, LH is a powerful mitogen in extragonadal tissues with LH receptors. 

Studies have confirmed the presence of LH receptors in vascular endothelial and 

smooth muscle cells in humans. Hemangiosarcoma is a rapidly growing, highly 

invasive cancer arising from the lining of blood vessels (mostly commonly the spleen in 

dogs). Gonadectomized (spayed) female dogs have two times the risk for developing 

hemangiosarcoma compared to unaltered females. We hypothesized that LH receptors 

would be present in vascular cells of canine hemangiosarcoma. The aim of study was to 

investigate if LH receptors were expressed in primary and metastatic lesions of canine 
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splenic hemangiosarcoma using immunohistochemistry. Formalin-fixed surgical 

biopsies submitted to the Oregon State University Veterinary Diagnostic Laboratory 

were paraffin-embedded and sectioned (6 µm) onto charged slides. Testicular tissue 

from a separate dog obtained following castration was used as a positive control. All 

slides were deparaffinized, rehydrated, subjected to heat-induced epitope retrieval 

(#S1700, Dako). Endogenous peroxidase activity was inactivated with 3% H2O2 and 

nonspecific binding was blocked with 1% horse serum. Goat polyclonal anti-human 

LHR antibody (SC-26341, Santa Cruz Biotechnology) was applied at a 1:50 dilution. 

Negative controls from each tissue were treated in the same way except in absence of 

primary antibody. Slides were then reacted with biotinylated horse anti-goat IgG 

(Vector Laboratories, Burlingame, CA) and incubated with avidin-biotin-peroxidase 

complex (#PK6105, ABC kit, Vector Laboratories) followed by Nova Red Peroxidase 

substrate (#SK4800, Vector Laboratories). Slides were counter-stained with 

hematoxylin, dehydrated, and mounted. Images were digitally captured at 400X 

magnification. LH receptor expression (cytoplasmic and granular) was found in splenic 

stromal cells of a primary tumor from one dog (identified by arrows on figure) but not 

in a primary splenic tumor or a mesenteric metastatic tumor from two other dogs. There 

was no positive staining in the negative sections. This is the first report shows that LH 

receptors are present in canine hemangiosarcoma and provides evidence for how 

gonadectomy may increase the incidence of cancer in dogs.  

Keywords: Dog, Gonadectomy, Immunohistochemistry
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APPENDIX F 

2016 BGSS POSTER 

Canine Thyroid Gland Expresses Luteinizing Hormone Receptors 
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Figure 2. Negative control for canine thyroid (A), 
bladder (B) and testis (C) and immunohistochemical 
localization showing expression for LH receptors 
(arrows) in canine thyroid (D), bladder (E) and testis (F). 

A* B* C*

D* E* F*

Hypothyroidism is an endocrine disorder in which 
the thyroid gland does not produce enough thyroid 
hormone. The incidence of hypothyroidism in 
postmenopausal women is 10-15%1 and in 
gonadectomized dogs is 30%2. In both of these 
groups, circulating concentrations of luteinizing 
hormone (LH) are significantly higher3,4. The normal 
human thyroid gland expresses LH  
receptors5 but it is not known if  
the normal canine thyroid  
gland expresses LH receptors. *

Canine thyrocytes express LH receptors in 5% and 
19% of the cells counted. LH receptor expression 
was also evident in bladder tissue from the same 
animals as well as in testis demonstrating primary 
antibody specificity. There was no positive staining 
evident in any of the negative control tissue sections.   

Figure 1. Steps followed during the immunohisto-
chemistry protocol 

RESULTS 

DISCUSSION 
This is the first report of LH receptor expression in 
the canine thyroid. Additional studies are needed to 
determine if the unregulated hypersecretion of LH 
after gonadectomy will negatively affect thyroid 
function (i.e. induce hypothyroidism). 
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BACKGROUND 

HYPOTHESIS 
That LH receptors are present in normal canine 
thyroid glands. 

OBJECTIVE 
To determine if LH receptors are expressed in the 
thyroid gland using immunohistochemistry and to 
quantify the level of cellular expression. 

METHODS 
Thyroid and bladder tissue were removed from two 
dogs postmortem, formalin-fixed, paraffin-
embedded, and sectioned (6 µm) onto charged slides. 
Testicular tissue from a separate dog obtained 
following castration was treated in the same manner. 
A l l s l i d e s w e r e s u b j e c t e d t o r o u t i n e 
immunohistochemical techniques (Figure 1). Slides 
were examined at 400X magnification and the 
percentage of cells positive for LH receptors was 
determined. 
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