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# Main role is for reproductive 

functions  

o  Ovulation, corpus luteum 

formation, stimulation of 

gonadal hormone production 

# When LH binds to its 

receptor, it induces cell 

division & stimulates nitric 

oxide release  
•  Greene & Ginther, 2011 

Dupont & 
Scaramuzzi 2016 

Zamberlam 
et al., 2014 



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 



Urinary Bladder 

# LH receptors are expressed in all regions 
the canine lower urinary tract (body & 
neck of the bladder, proximal & distal 
urethra) & in all tissue layers (epithelium, 
sub-epithelial stroma & muscle) 

•  Welle MM, Reichler IM, Barth A, Forster U, Sattler U, Arnold S. 
Immunohistochemical localization& quantitative assessment of 
GnRH-, FSH-,& LH-receptor mRNA Expression in canine skin: a 
powerful tool to study the pathogenesis of side effects after spaying. 
Histochem Cell Biol. 2006 Nov;126(5):527-35  

•  Ponglowhapan S, Church DB, Scaramuzzi RJ, Khalid M. Luteinizing 
hormone& follicle-stimulating hormone receptors& their transcribed 
genes (mRNA) are present in the lower urinary tract of intact male& 
female dogs. Theriogenology. 2007 Jan 15;67(2):353-66 



Urinary Incontinence 

# Overall incidence in 

spayed females: 5-50% 
•  Arnold, 1997; Stocklin-

Gautschi et al., 2001; 

Angioletti et al., 2004; Spain 
et al., 2004 

# Higher in medium & large 

breed dogs (>30 lb) 

# Age at time of spaying 

does not affect likelihood 

of developing 

incontinence 



Urinary Incontinence

# 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: 

o  Estrogen  
•  Rosin et al., 1981; Hill et al., 2012; Veronesi et al., 2009; Angioletti et al., 2004; Mandigers& Nell, 2001 

o  GnRH agonist (deslorelin)  
•  Reichler et al., 2003; Reichler et al., 2006 

o  GnRH immunization  
•  Donovan et al., 2013; Donovan et al., 2014  



# Human 
Dogs (Papadopoulos 1991), primates & rodents 
(Galac 2010; Nicolini 2014; Lasley 2015) 

Pabon et al., 
1996) 



#  In postmenopausal 

women, there is a positive 

relationship between LH & 

cortisol concentrations 
•  Alevizaki et al., 2006  

# Furthermore, LH receptors 

on the adrenal gland have 

been shown to mediate 

ACTH-independent 

Cushing's syndrome 
•  Saxena & Seely, 2012 



#  In ferrets, neutering is also 
an important risk factor for 

hyperadrenocorticism  

Belanger et al., 2017 

#  In dogs, gonadectomy is 
associated with a 

significantly increased risk 

for hyperadrenocorticism   





#  Spaying results in coat changes in 20% 
of bitches 

#  GnRH treatment results in temporary 

improvement of coat changes 

Reichler et 
al., 2008 



Thyroid 

# LH receptors are 

present in human & 

canine thyroid glands  
•  Liu et al., 2014; Zwida 

& Kutzler, 2016 

 

Percentage of positive cellular expression of 46.5 ± 23.8%  



Hypothyroidism in 

Humans 
•  Serum LH level is significantly greater 

in patients with thyroid adenoma 
•  Liu et al., 2014 

•  Women who have undergone 

gonadectomy are a lso at an 

increased r isk for developing 

hypothyroidism  
•  De Leo et al., 1993 

•  Incidence of hypothyroidism is 

10-15% higher in postmenopausal 

women  

•  Giri et al., 2014 



Hypothyroidism in Dogs 

•  Gonadectomy has a profound negative 

effect on thyroid function & is the most 

significant cause for the development 

of hypothyroidism in dogs  
•  Dixon& Mooney, 1999; Panciera, 1984 

•  30% more gonadectomized dogs develop 

hypothyroidism compared to unaltered 
dogs  

•  Milne & Hayes, 1981 

•  T4 concentration in gonadectomized dogs 

is significantly lower when compared to 

intact dogs 
•  Młodawska et al., 2014; Günzel-Apel et al., 2009 

Sundburg et al., 2016 



Anterior Cruciate 

Ligament Rupture 
#  Independent of breed or co-existing obesity or age of 

sterilization, spaying significantly increases the risk of ACL 

rupture 
•  Whitehair, JG. Vasseur, PB. Willits, NH. Epidemiology of cranial cruciate ligament rupture in dogs. 

JAVMA 1993:203(7);1016-1019 

•  Duval, JM. et al. Breed, sex,& body weight as risk factors for rupture of the cranial cruciate ligament 

in young dogs. JAVMA 1999:215(6);811-814.  

•  Slauterbeck, JR. et al. Canine ovariohysterectomy& orchiectomy increases the prevalence of ACL 

injury. Clin Orthop Relat Res 2004:429;301-305 

•  Aragon, CL. Budsberg, SC. Applications of evidence-based medicine: cranial cruciate ligaments injury 

repair in the dog. Vet Surg 2005:34(2);93-98 

•  Canapp, SO. The canine stifle. Clin Techn Sm Anim Pract 2007:22(4);195-205.  

•  Duerr, FM. et al. Risk factors for excessive tibial plateau angle in large breed dogs with cranial 

cruciate ligament disease. JAVMA 2007:231(11);1688-1691.  

•  Witsberger, TH. et al. Prevalence of& risk factors for hip dysplasia& cranial cruciate ligament 

deficiency in dogs. JAVMA 2008:232(12);1818-1824 

# There were no cases of 
ACL diagnosed in intact 
dogs, but in early-
neutered males & 
females, the occurrence 
was 5% & 8% 



Anterior Cruciate 

Ligament Rupture 
# Our laboratory has demonstrated the expression of LH 

receptors within the anterior cruciate ligament & 

synovia 
•  Kiefel et al., 2016; Kiefel & Kutzler, 2018 



Hip Dysplasia 

#  Independent of obesity, gonadectomy 

significantly increases the incidence of 

hip dysplasia  
•  Witsberger, TH. et al. Prevalence of& risk factors for hip 

dysplasia& cranial cruciate ligament deficiency in dogs. 

JAVMA 2008:232(12);1818-1824 

#  Compared to unaltered dogs, 

gonadectomy increases the incidence 

by 1.5-2X the occurrence in unaltered 

dogs 
•  van Hagen, MA. et al. Incidence, risk factors,& heritability 

estimates of hind limb lameness caused by hip dysplasia 

in a birth cohort of boxers. Am J Vet Res 2005:66(2);
307-312  

# Of early-neutered males, 
10% were diagnosed with 
HD  
o  Twice the occurrence in intact 

males 



Hip Dysplasia 

# Our laboratory has demonstrated the expression of LH 

receptors within the femoral subchondral bone & 

round ligament 
•  Kiefel et al, 2016; Kiefel & Kutzler, 2018 



Lymphocytes

# Canine lymphocytes express LHR in 4% of cells from 

normal lymph nodes 
•  Ettinger & Kutzler 2017 



Lymphocytes

#  All dogs tested expressed LHR in 
circulating B- & T-lymphocytes 

o  Trend for increased LHR expression in 

circulating B-lymphocytes from male 

dogs (19.65±13.53%) compared to 

female dogs (9.61±5.35%; p=0.06) 

but not in T-lymphocytes  

o  LHR expression varied by sex status in 

circulating T-lymphocytes with spayed 

and neutered dog having higher LHR 

expression (16.58±7.81%) compared 

to intact dogs (10.53±2.31%; 

p=0.049) 



Lymphoma

# Cancer of lymphocytes &/or lymphoid tissues 

# Most common cancer diagnosed in dogs 

accounting for up to 24% of all canine cancers  
•  Vail et al., 2001 

# Gonadectomy increases the incidence of 

lymposarcoma  
•  Zink et al., 2014 

o  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 



Lymphoma

# Canine lymphocytes express LHR in 12.37% of 

lymphocytes from neoplastic lymph nodes 
•  Ettinger & Kutzler 2017 



Lymphoma

#  Cultured neoplastic T-
lymphocytes isolated from three 

dogs with lymphoma also 

expressed LHR albeit to a 

different level of expression in 

each cell line, with either 45%, 
35% or 10% of cells expressing 

LHR 

o  In all of the cell lines, the cell 

population that expressed LHR was 

smaller in size (forward scatter) 

and more granular (side scatter) 



Mastocytoma

# Most common skin tumor in dogs  
•  Shoop et al., 2015 

# LH receptors are abundant in mastocytoma cells 
•  Moccia & Kutzler, 2018 



#  Almost 10%of 
early-neutered 
males developed 
LSA (3X more than 
intact males) 

#  HSA in late-
neutered females 
was 4X more than 
intact females 

#  There were no 
cases of MCT in 
intact females, but 
the occurrence was 
nearly 6% in late-
neutered females 



Hemangiosarcoma 

# Even with surgical removal, the 

mean life expectancy is 86 days 

(range, 10–202 days) without 

adjunctive chemotherapy & 189 days 

(range, 118–241 days) with adjuvant 

chemotherapy  
•  Yamamoto et al., 2013 

# Spayed females have 2X the risk of 

splenic hemangiosarcoma & 5X the 

risk of cardiac hemangiosarcoma 

compared to intact females 
•  Prymak et al., 1988; Ware & Hopper, 1999; Zink et al., 

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



Hemangiosarcoma 

# Many studies have confirmed the presence of LH 

receptors in vascular endothelial and smooth muscle 

cells 
•  Lei et al., 1993; Reshef et al., 1990 

# Our laboratory has demonstrated the expression of LH 

receptors in splenic hemangiosarcomas 
•  Zwida et al 2017 
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~ Closing Remarks ~ 

# Traditional ovariohysterectomy (spay) & neuter still 

has its place in veterinary medicine but dog owners 

should be aware of the physiologic implications of 

removing the gonads & then make an educated 

decision about the lifetime health of their pet 
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Any Questions ?? 


