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s When LH binds to its /

receptor, it induces cell
division & stimulates nitric
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HRIn Non-Reproductive
ISsues

Adrenal cortex Dog, human, rat,  Papadopoulos et al., 1991; Galac et al., 2010;
rhesus macaque  Nicolini etal., 2014; Lasley et al., 2015

Blood vessels (endothelial cells, Human Reshef et al., 1990; Lei et al., 1993; Bukovsky et al.,

vascular smooth muscle cells) 2003

Brain (hippocampus, hypothalamus, Guinea pig, rat Lei et al., 1993; Wahjoepramono et al., 2011

cerebellum, brain stem, cortex)

Fibroblasts Human Bukovsky et al., 2003

RN CRIEIRIC O CICI T Ml Human, rat Hammar et al., 2012; Sand et al., 2013, Ducker et

smooth muscle) al., 1996

Lower urinary tract (bladder and Dog, human Welle et al., 1999; Ponglowhapan et al., 2007;

urethra) Ponglowhapan et al., 2008; Schwalenberg et al.,
2012

Lymphoid tissues (thymus and Hamsters, human Maria, 1998; Seiki et al., 1990

lymphocytes)

Skin (epidermis, hair follicle, Dog, human Welle et al., 2006; Venencie et al., 1999

sebaceous glands, sweat glands)

Striated muscle cells Human Bukovsky et al., 2003

Thyroid gland Human Liu et al., 2014



Urinary Bladder

s 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

s Overall incidence in _ Evaluation of the prevalence
of urinary incontinence in spayed female dogs:
spayed females: 5-50% 566 cases (2003-2008)
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Urinary Incontinence

s 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

s 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



Adrenal Cortex

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

Pabon et al.,
1996)




lyperadrenocortism
(Cushing’s)

s In postmenopausal a0
women, there is a positive = 1m0 .
relationship between LH & Em- y
cortisol concentrations g a1
* Alevizaki et al., 2006 c A0
s» Furthermore, LH receptors ~ § =
on the adrenal gland have a
o

been shown to mediate .
ACTH-independent

Cushing's syndrome
* Saxena & Seely, 2012




Hyperadrenocortism
ushing’s)

s In dogs, gonadectomy is s In ferrets, neutering is also
associated with a an important risk factor for

significantly increased risk hyperadrenocorticism
for hyperadrenocorticism

Meutered MNeutered
Disease Femala Male

Dicular

Early onset Cataracts 0.42 +0.04 0.66 + 007
Lens luxation 113 +017 1.19+ 020
Drthopedic

Eloow dysplasia 0.91 + .09 0,89 + 0.07
Hip Dysplasia 0,93 +0.07 0,96 + 0,06

1,06 + 0.04
0.95 + 0.06

Intervariebral disk disease

Fatellar luxation

Ruptured Anteries Cruciate Ligament
Cancer
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s Spaying results in coat changes in 20%
of bitches

Before spaying One year after spaying
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s GNRH treatment results in temporary
Improvement of coat changes




« LH receptors are
present in human &
canine thyroid glands

Liu et al., 2014; Zwida
& Kutzler, 2016

i1

N\

' ! jq Y .o.. ‘}“ '4'? X _"".. §
'QO - : - ....‘{...,;:. ‘..?‘Q _‘wl.
Sy RL.’ o TPty 2k A "f' .,f
: RS e e PUTCS

0 T:. .
'ea." Q*:V
n A -' '. ¢ . ‘30. .a.o'::lt’lt _' a‘h\!’-
Percentage of positive cellular expression of 46.5 + 23.8%



- Serum LH level is significantly greater

In patients with thyroid adenoma

¢ Liuetal., 2014

Women who have undergone
gonadectomy are also at an
increased risk for developing
hypothyroidism

- De Leo et al., 1993

Incidence of hypothyroidism is
10-15% higher in postmenopausal
women

< Girietal., 2014




Hypothyroidism in Dogs

- Gonadectomy has a profound negative

Table 3 Odds ratics (OF) and relathe rizk (RR) (£ standard enod) for the neuterad femaie and male being mone likely to express the
condition {NA & not applicable)

e zme (4 4 L]

Nousterad famaie Newped mae Newerd famas Neuterad maie
Ampic Dermattis (ATOR) 2+ 007 1512027 221x026 1L +013*
ATk e HemoyTic Anemia (AEA] 167+ 028 176+031* 1671028 LA+t
Carnine Myasthenia Gaws (CWG) 119+ 037 1537 +£1 119+ 037 1597 £ 1.0
Coitis JCOL) TBEan Go8+009 10340311 198 + 008
Hypoadrenooomicsm (AN 149 032 207 +054 TA3+032 207 +053*
Hypothysoadiam HYPO) M+ 03 139+0171* 3133+039 128 +010*
brernene-Madiated Polyantts SV A) 149+ 037 T02+074 149+037 L2 +04
brernane-Mediated Thaoev bocyinpenta (119 iMEaTF 205+047 313+073 205 +00*
rdammatory Bowe Disease (80 23X+ 054 143+023 219+054" 143 +323*
Luspuss Enythematosus LUR) 260+ 124 OEE+016 264+124 68 +116
Pemphioues Compis FEWC) 135+ 039 164 +056 1354039 154 +055
Pyometa PYOL 04 + am* NA G0 £ 001 A

fsters s indimte a sgnifient difference fom the mact counienpaet ip < 005

Sundburg et al., 2016



2nterior vruciate

10 @ of z» There were no cases of
ACL diagnosed in intact

I dogs, but in early-
& neutered males &
£ 6 o176 females, the occurrence
. i was 5% & 8%
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Anterior vruciate

s Our laboratory has demonstrated the expression of LH
receptors within the anterior cruciate ligament &
synovia

«  Kiefel et al., 2016; Kiefel & Kutzler, 2018
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10

?

71154
4/118

HD

7/138

2/67 I 2/65
HD

B |ntact

16/156 s Of early-neutered males,
10% were diagnosed with
HD

d Twice the occurrence in intact
males

Neutered Early ™ Neutered Late




Hip Dysplasia

s Our laboratory has demonstrated the expression of LH
receptors within the femoral subchondral bone &
round ligament

*  Kiefel et al, 2016; Kiefel & Kutzler, 2018




in 4% of cells from

s Canine lymphocytes express LHR

normal lymph nodes

Ettinger & Kutzler 2017




Lymphocytes -

s 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) A"' R TR e
but not in T-lymphocytes il

2 R CD21LHR : All Events x|
o LHR expression varied by sex status in =

Q2-UL(153%) - Q2-UR{0.23 %)

circulating T-lymphocytes with spayed X
and neutered dog having higher LHR B
expression (16.58+7.81%) compared Izl
to intact dogs (10.53+2.31%;

p=0.049) i




Lymphoma

s Cancer of lymphocytes &/or lymphoid tissues

s Most common cancer diagnosed in dogs
accounting for up to 24% of all canine cancers

* Vail et al., 2001

s Gonadectomy increases the incidence of
lymposarcoma

« Zinketal., 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
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CLC LHR : All Events [

Lymphoma REwE

s 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 d
LHR i il IF’2(M.46‘3(:) .

o In all of the cell lines, the cell
population that expressed LHR was
smaller in size (forward scatter)
and more granular (side scatter)
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Mastocytoma

s Most common skin tumor in dogs

* Shoop et al., 2015

¢ LH receptors are abundant in mastocytoma cells

*  Moccia & Kutzler, 2018

Figure 1. LHR- staining pattern | is characterized by
membrane-associated staining (black arrowheads), with
little cytoplasmic staining of neoplastic mast cells
(black arrowheads).

Figure 2. LHR- staining pattern Il is characterized by Figure 3. LHR- staining pattern Ill is characterized by high
low (open arrowheads) to medium (black arrowheads) staining intensity (black arrowheads). Some neoplastic
cytoplasmic intensity staining with small granules in mast cells have staining of coalesced granules.

neoplastic mast cells.



Percent

Female Golden Retrievers

12 7 ., HSA in late-

10 -

8 !

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

10/169

2}'123 1 /g9 2/123 3170

B |ntact Neutered Early ™ Neutered Late

0!'1 22

4/172




Evaluation of the risk and age of onset
of cancer and behavioral disorders
in gonadectomized Vizslas

M. Christine Zink, ovae, rhn; Parvene Farhoody, ma; S5amra E. Elser, es;
Lynda I). Ruffini; Tom A_ Gibbons, ms; Randall H. Rieger, rho

Objective— o investaste assotiations betwesn sge &t gonadectomy and astimated nsk or
206 at dhagnosis of neoplastc end behaworal disorders inVizslas.

Design—ARairospactive cohort study.

Animals—2 505 Vizsles born betwean 19052 and 2008,
Procedures—Dats on demographecs, gonadectomy status, and age at disgnosis of dissase
or disorder were obtamed with an anonymous online survey and analyzed.

Results—Diogs gonadectomized at < 6 months, betwsen 7 and 12 months, or at = 12
manths of age had sianificantly increased odds of dessloping masi cell cancer, Iymphoma,

all other cancers, all cancers combined, and fear of storms, comparad with the odds for sex-

ually imact dogs. Femeales gonadectomized at < 12 months of age and males and females
gonadectomized at = 12 months of age had signiicently increasad odds of developing

hemangiosarcoma, comparad with the odds for saxually intact dogs. Dogs gonadectomired
st < & months of age had signthcantly ncreased odds of developing a behavioral disordar.
The younger the a3 st gonadectomy, the earber the mean age at diagnosis of mast cell
cancer, cancers other than mast cell, emangicsarcoma, lymphorma, 8li cancers combined,
a behawioral disorder, or fear of storms.

Conclusions and Clinical Relevance—Additiona! studies are needed on the biclogical ef-

fects of removing gonadal hormones and on methods 1o render dogs indertile that do not

irsodve gonadectomy. Veterinanans should discuss the benefits and possible adverse ef-
fects of gonadectomy with chents, giving conssderation to the breed of dog, the owner's. cr-

cumstances, and the anticipated use of the dog. (S AmM Vet Med Assoc 2014, 244 305-3 10}




Hemangiosarcoma

s Many studies have confirmed the presence of LH
receptors in vascular endothelial and smooth muscle
cells

*  Leietal., 1993; Reshef et al., 1990

s Our laboratory has demonstrated the expression of LH
receptors in splenic hemangiosarcomas

¢ Zwida et al 2017
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~ Closing Remarks ~

s 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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HELP CONTROL THE
HUMAN POPULATION

Have your human spayed or neutered




