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The prevalence of growth hormone secreting pityitamours in domestic catBdlis catus) is
ten times greater than in humans. The predomiméitory receptors of growth hormone-
secreting pituitary tumours are somatostatin reesgiSSTRs) and dopamine receptor 2
(DRD2). The expression of these receptors is assoamdtbdhe response to somatostatin
analogue and dopamine agonist treatment in humiznpawith acromegaly. The aim of this
study was to describe pathological features ofitaies from domestic cats with acromegaly,
pituitary receptor expression and investigate ¢ates with clinical data including pituitary
volume, time since diagnosis of diabetes, inswdouirement and serum IGF1 concentration.
Loss of reticulin structure was identified in 1542ituitaries, of which 10/15 exhibited acinar
hyperplasiaSSTR1, SSTR2, SSTR5 andDRD2 mRNA were identified in the feline pituitary
while SSTR3 andSSTR4 were not. Expression &TR1, SSTR2 andSSTR5 was greater in
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acromegalic cats compared to controls. A negativeetation was identified betwe®RD2
MRNA expression and pituitary volume. The loss B2 expression should be investigated as
a mechanism allowing the development of largeritaity tumours.

3. Introduction

Acromegaly is typically caused by a functional gtiowwormone (GH)-secreting pituitary
adenoma in humans, and results in increased diglimsulin-like growth factor 1 (IGF1L)
Medical management therapies for acromegaly incleilaeceptor antagonists, dopamine
receptor agonists (DRA) and somatostatin analoguidls the latter being the medical therapy of
choice in most casés. However, 30 to 65 % of patients with acromegalyeiving somatostatin
analogues for 12 months fail to achieve biochendésgase contrdi®. This limited response to
therapy is justification for ongoing research teelep therapies which improve outcomes in
medically managed patients

Animal models can provide insight into disease ppliysiology and are used for therapeutic
drug development. Transgenic rats, mice and rabb&gommonly used as induced acromegalic
models by over-expression of GHRH or aryl hydrooarbeceptor-interacting protein knockout
811 However, these models do not replicate GH-sewgetituitary adenomas identified in most
human patients with acromegaly, and this mighttlime predictability of pharmacological
studies of tumorous pituitary GH-secretion inhilmitiwhen using them. Additionally, the study
of a naturally occurring disease from an animalolHives in a similar environment to humans
would be favourable to account for the potentialimmmental effects on pituitary dysfunction.

Spontaneous acromegaly / hypersomatotropism (H&dpmestic catd=elis catus) is ten
times more prevalent than in humans, affectingstimated 1 in 800 caté™* Acromegaly in
cats parallels the disease in humans in-so-faesgl@iagnosed in middle aged to older subjects
and is associated with insulin resistance, ac@ltr and cardiovascular complicatiois>
Cats affected by acromegaly have achieved long-téimital and biochemical response to
pasireotide and cabergoline but no other medicabfties®*° The somatostatin and dopamine
receptor profile of feline GH-secreting adenomasasknown. The receptor expression profile
of these tumours might explain the poor respondeliofe acromegalics to octreotide, which has
high binding affinity for and preferentially binds SSTR2, and L-deprenyl, a monoamine
oxidase B inhibitor which prolongs the activityddpamine, but favourable response to
pasireotide treatment?*2

The aim of the study was to investigate whethes wath naturally occurring acromegaly are
a suitable model for the human disease, as wellspecies of interest from a veterinary
perspective. The study aimed to describe the pitypathological findings, hormone,
somatostatin and dopamine receptor expressiont®fagth and without acromegaly.
Additionally, the receptor expression data were pared to clinical data.

4. Materials and Methods

The study was approved by the Royal Veterinaryég@al(RVC) Ethics and Welfare Committee
(URN 2014 1306).

Animals

Written informed consent was obtained from ownérallcenrolled cats. Cats had a diagnosis of
acromegaly on the basis of appropriate clinicaidns serum IGF1 concentration > 1000 ng/mL
(reference interval 200 — 700 ng/mL) which has % $sitive predictive value for acromegaly
12 and pituitary enlargement diagnosed using inteaval imaging (contrast enhanced computed
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tomography) or post-mortem examinatignAll acromegalic cats had concurrent diabetes
mellitus which was likely to be secondary to acrgalg, and were receiving lente insulin
(Caninsulin, MSD Animal Health), protamine zincuitia (Prozinc, Boehringer Ingelheim) or
glargine insulin (Lantus, Sanofi) (HST group). Nacromegalic cats who did not have a clinical
history consistent with acromegaly nor pituitaryaegement, but had undergone post-mortem
examination and whose owners consented to be edrollthe study were consecutively
recruited. All cats had previously been patientthefQueen Mother Hospital for Animals, RVC,
Beaumont Animals’ Hospital, RVC or People’s Dispaysfor Sick Animals in London, UK. All
cats had been neutered which is common in the Wigdtent health and population control.

Cat pituitary tissue

Pituitary tissue was obtained at the time of posttem examination or therapeutic
hypophysectomy. Tissue was fixed in RNAI&te¢Sigma-Aldrich, Dorset, UK) or snap frozen

in liquid nitrogen and stored at - 8C until processed in batches. A section of pityitissue

was also fixed in 10% w/v neutral buffered formalliehydrated in decreasing concentrations of
ethanol then embedded into paraffin blocks ancedtat room temperature (RT). A summary of
clinical characteristics of the enrolled cats isganted in Table 1.

Reticulin staining

Tissue sections were cut, deparaffinised and reltgdras follows: 4 um sections were cut using
a manual rotary microtome (Leica RM2235, Leica Bstems Ltd., Newcastle upon Tyne, UK)
and air dried onto microscope slides (Superftbsticroscope Slides, Thermo Fisher Scientific);
deparaffinisation of the sections was performethdsting slides to 62 for 5 min followed by

2 x 5 min immersion in HistoClear (National Diaghes, Atlanta, GA, USA) or xylene (Sigma-
Aldrich) and rehydration of tissues in decreasiogaentrations of ethanol. A commercially
available reticulin staining kit (Reticulin Staib®50684, Abcam, Cambridge, UK) was used,
and the procedure performed as per manufacturdeljues apart from use of 1 M ammonium
hydroxide where the kit describes use of ‘concéattammonium hydroxide’ to make the
‘working ammoniacal silver solution’. A feline kiey tissue section was used as a positive
control for each batch of reticulin fibre staining.

Ten control pituitary samples were used to devalogference interval for the number of
nuclei within each acinus and area of each aciheis.acini from each sample were randomly
selected from each pituitary. This resulted in 46 being used for reference interval
determination. This reference interval was thetetessing two other control pituitary samples.
Three assessors (Dr Christopher Scudder (CJS), drika Hazuchova [KH] Veterinary
Internal Medicine Specialist and Ms Norelene Haytam [NH] Specialist in Veterinary
Pathology) were used to determine whether pituigaigar morphology was altered in pituitaries
from cats with acromegaly. Each assessor was dbkddllowing questions: Is the acinar
structure altered?; Are the acini increased insikethere loss of acinus structure?; Is the
distribution focal, multi-focal or diffuse? Loss a€inus structure would be consistent with
adenomatous change and an increased size of amihd Wwe consistent with acinar hyperplasia.
The upper reference limit for acinar size is ddmaatiin ‘Reticulin staining’ results and the
response to the above questions was used to deteenuonsensus between assessors.

Immunohistochemistry

All pituitary samples used for immunohistochemigiad previously undergone haematoxylin
and eosin staining. Pituitary tissue embedded rafpa blocks was cut into 4 um sections and
air dried on positively charged slides (Superffd$tlus Microscope Slides, Thermo Fisher
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Scientific, Loughborough, UK). Immunohistochemisivgis performed as previously described
%2 by deparaffinisation and rehydration of the settias per reticulin staining. Antigen retrieval
for GH immunostaining was not necessary. Antigeneeal for PRL and SSTR2 quantification
and was required. For PRL immunostaining, slidesevwemersed in a pH 9.0 Tris-
Ethylenediaminetetraacetic acid (EDTA) Buffer (10niMs Base, 1mM EDTA Solution, 0.05%
Tween 20), followed by microwave heating at 650MV4 min x 4. For SSTR2 immunostaining,
slides were immersed in 10 mM citrate buffer pHh@ anicrowave heating at 650 W for 4 min x
4. Slides were cooled to RT over 30 mindt#owed by blocking of endogenous peroxidase by
immersion in 3 % v/v KD, for 10 min. Non-specific protein binding was blodKay immersion

in a buffer containing PBS (Gibco, ThermoFisherstific, Loughborough, UK), 5 % goat
serum (Sigma-Aldrich, Dorset, UK), 1 % BSA (SigmédAch, Dorset, UK), 0.1 % w/v Triton™
X-100 (Sigma-Aldrich, Dorset, UK) and 0.05 % TweeB® (ThermoFisher Scientific,
Loughborough, UK).

Primary antibody incubation was performed overnigtd cold room. Rabbit anti-porcine
GH and rabbit anti-porcine PRL antibodies were #8é4 The primary antibodies were
delivered lyophilised and reconstituted using P88 toncentration of 1 mg/mL for anti-porcine
GH antibody and 300 pg/mL for anti-porcine PRL botly as per manufacturers guidelines.
Primary antibody incubation using anti-porcine GH.#000 dilution, anti-porcine PRL at
1:4000 dilution and anti-SSTR2 at 1:1600 dilution. Secondary antibody incubatiars
performed using species-specific biotinylated atibs (Vector Laboratories, Peterborough,
UK) for 30 mins at RT followed by incubation withvAlin / Biotin Complex (Vector
Laboratories, Peterborough, UK) for 30 mins at Rlldes were then incubated with DAB
chromogen (Vector Laboratories, Peterborough, WKPfmin, followed by counterstaining
using Gill's Haematoxylin for 40 s at RT. Betweeatk step the slides were washed in PBS and
0.05 % Tween 20 for 5 min x 3. Tissues were deltgdran increasing concentrations of ethanol
then slides were cover slipped using Vectashieltifase Mounting Medium (Vector
Laboratories, Peterborough, UK) and analysed. Negabntrol samples underwent
immunohistochemistry as described above but withddition of the primary antibody and
positive control samples were sections from a hgattouse pituitary for GH and PRL, and from
a healthy human pituitary for SSTR2 immunostaining.

Representative immunostaining for GH and PRL aesgmted in Figure 1. The percentage
DAB immunoreactivity of each tissue section wasedeined by obtaining high resolution
photomicrographs at x100 magnification (Leica DM@®) Leica Microsystems Ltd, Milton
Keynes, UK) and stitching images from each tissgether using photo editing software
(Microsoft Image Composite Editor 2.0 for Window&edmond, WA, USA) to create a digital
copy of the tissue. Area measurements were perfbusiag Volocity version 6.3.0 (Perkin
Elmer, Waltham, MA, USA). The area of DAB labellimgs detected by thresholding of hue
and saturation. Any contiguous object smaller tiinmpixels was considered noise and

excluded before the total area of the detectedcoljas calculated. The total tissue area was also

detected and used to calculate percentage DABIyibsitf each tissue. Scoring of sections
which used anti-SSTR2 antibodies as the primampady was also performed by three
individuals in a blinded manner using a semi quatitie scale as previously descrilf&d
Immunoreactivity intensity was graded 0 to 3 (Obsent; 1 = cytoplasmic staining; 2 =
membranous staining in less than 50 % cells ommudete membranous staining; and 3 =
circumferential membranous staining in >5 % celé Figure 2 for examples). If there was a
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conflict of the pituitary score between one reviewet two agreed then the agreed score was
used, and if all three reviewers disagreed thermtleeage score was used.

Pituitary RNA extraction, analysis and selection ofeference genes

Pituitary RNA was extracted from 10 cats withoutipiary disease using the phenol chloroform
technique. The RNA pellet was re-suspended in RItasewvater and underwent on-column
DNase treatment using a commercially availabl@kd following manufacturer’s instructions
(RNeasy Maxi Kit, Qiagen, Manchester, UK). RNA gtignand integrity was assessed using
the Nanodrop™ 1000 Spectrophotometer (Thermo FiShientific, Hemel Hempstead, UK)
and Agilent 2100 Bioanalyzer (Agilent Biotechnolegji Craven Arms, UK).

An aliquot of 100 ng of total pituitary RNA was uk® synthesise first-strand cDNA using 1
ul Oligo dTprimer (Promega, Madison, WI, USA) antProm-1"™ Reverse Transcription
System (Promega, Madison, WI, USA) per the manufact instructions with added
magnesium chloride (Bioline 50mM MgCI2, London, URhe cDNA was eluted using 100 pl
of RNase free water and stored at -20 C until batzh A non-reverse transcribed (nNRT) sample
was prepared as a control for each sample. Thetsglef the reference genes for GeXP
multiplex was performed using the geNorm algoritfirand feline geNorm 6 gene kit for use
with SYBR green (Primerdesign, Southampton, UK).mMwalue of < 0.5 was the cut off for
selectionRPL18 andSDHA were chosen as the reference genes.

Multiplex RT-gPCR

Three custom designed GeXP multiplexes (Beckmant&aoBenomelLab Gene Expression
Profiler, Wycombe, UK) were used to quantify gerpression. Multiplex 1 consisted of
primers designed foklP, CGA, FSHp, GHRHR, LHp, PRL, POU1F1, TSHp, RPL18 andSDHA,
multiplex 2 consistent of primers designs R&OMC, GH1, RPL18 andSDHA and multiplex 3
consisted of primers f@STR1, SSTR2, SSTR3, SSTR4, SSTR5, DRD2, RPL18 andSDHA?®,
There were two primer sets for the measuremeRRf labelled as PRLa and PRLb to
investigate the precision of gene amplificatiomgshe GeXP technique. The GeXP multig)lex
was performed as previously described and in aenmelwith manufacturer’s instructiofts™
This procedure uses the GeXP Start-up Kit (Beck@amlter, Wycombe, UK) to synthesise
cDNA using gene specific anti-sense primers wig @aniversal tag reverse sequence and 100
ng total pituitary RNA using a G-Storm GS1 thermydler and the following protocol; 4€, 1
min, 42°C, 60 mins, and 9%, 5 mins. Following first-strand cDNA synthesig, aiquot from
each reaction was added to a PCR master mix camjaenomelab kit PCR master mix and
DNA polymerase (Thermo-Start DNA Polymerase, TheFisher Scientific Loughborough,
UK). PCR reaction was performed using G-Storm Gfetmal cycler and the following
protocol; 95°C for 10 mins, followed by 35 cycles of 88 for 30 secs, 58C for 30 secs for
multiplex 1 and 3 and 6% for multiplex 2, and 76C for 60 secs. Products were analysed by
separation using capillary electrophoresis followgdluorescence spectrophotometry and
guantified using CEQTM 8000 Genetic Analysis Systand GenomeLab Fragment Analysis
software (Beckman Coulter, Wycombe, UK). Examplieslectropherograms for multiplex 1
and 3 are presented in Figure 3. Due to many samaleng SDHA and POMC expression
below the level of detection, RPL18 was used asdtfereference gene and the difference
between groups of POMC expression was not undertake

Statistical analysis
Data was visually assessed for normal distributising histograms and by performing Shapiro-
Wilk tests. Normally distributed data are describsdnean and standard deviation (S.D.) and
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non-normally distributed data as median and intarigje range (IQR). Statistical significance
was determined using an unpaired t-tests and Malnitnéy tests. Spearman’s rank or Pearson’s
correlation was used to test the association bet\yeae expression and clinical variables.
Agreement of SSTR2 scores between observers wassassusing a two-way random effects
single measures intra-class correlation coefficienabsolute agreement model. A chi squared
test was used to test the SSTR2 scores betweemegatic and control groups. A valueRk

0.05 was considered significant and Holm-Bonferamjustment was used for adjustment of
multiple comparisons where appropriate. Statisgcdtiware analyses were performed using
GraphPad Prism version 7.02 for Windows (GraphRd#th@re, CA, USA) and IBM SPSS
Statistics for Windows version 22 (IBM Corp., NYSH).

5.Results

Reticulin staining

The reticulin staining in the control pituitary gl#s demonstrated an acinar and cords pattern
(Figure 4). This pattern is the same as describélde healthy human pituitary glafd The

upper reference interval for the number of nuceigcinus in the control pituitary samples was
66, and the upper reference interval for the afesch acinus was 12650 firithe two-
remaining control pituitary samples were assessetwjuhis scoring system and both were
considered within normal limits. A spectrum of adte reticulin staining was identified in the
HST pituitary samples including enlargement of adisrupted reticulin staining and loss of
reticulin staining (Figure 5). Compression of tlmemal pituitary parenchyma adjacent to
neoplastic tissue was also identified which createdg of cords of reticulin staining in some
tissue samples. Three assessors reported 7/2tapésiexhibited loss of acinus structure, which
was described as diffuse or multifocal in all cag&fsthe remaining pituitaries, two assessors
(CS and KH for all 8 cases) described as lossioliacstructure in 8/14 cases, which was focal
in 4/8 and multifocal or diffuse in the remainingg 4All three assessors described an increased
in size of acini in 5/21 pituitaries. Of the remai pituitaries, two assessors (KH and NH for all
five pituitaries) described 5/16 pituitaries asihgwenlarged acini. There were no distinguishing
clinical features of the 10 cats who were descriioeekhibit pituitary acinar enlargement
(acromegaly cat numbers 7, 14, 22, 24, 25, 3238436 and 38).

GH and PRL expression

There was no difference of patient gender (chi sgplia = 0.334) or patient age (median control
vs HST was 11 vs 11 years, Mann-Whitney U test,0.870) between groups but there a
difference in body weight (median control vs HSTswia3kg vs 5.4kg, Mann-Whitney U teBt,

= 0.006). The difference in body weight betweerugsowas expected and likely due to the
acromegalic state.

There was significantly greater GH protein expm@s$n the HST compared to control group
(mean 50 + 27 vs 30 £ 21 %, t(51) = 2.9P4; 0.005), Table 2. Although gene expression of
GH1 was greater in cats with acromegaly than contthbis,was not statistically significant
(median control vs HST was 3.1 vs 6.2, Mann-Whitbeest,P = 0.071). There was no
difference of PRL protein or gene expression betwtee HST and control group (median
protein expression 1.5 % IQR 10.9 vs 4.1 % IQR M&nn-Whitney U tesP = 0.122 and
median relative gene expression 2.099 IQR 1.7 18&IQR 0.73, Mann-Whitney U teBt=
0.033). There was no correlation between patieataangl GH or PRL expression, nor was there
an association between age and any pituitary gepression in this study.

SSTR2 expression
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The was no difference of patient gender (chi sqiBre 0.150), age (mean controls vs HST 10.5
+5.9vs 11 + 3, t(34) = 0.392P,= 0.687) but there was a difference of body welgttveen
groups (median control vs HST was 4.1 vs 5.5%g,0.004).

There was agreement between observers for tissiBZScores (intra-class correlation
0.57, 95 % confidence intervals 0.34 — OF3; 0.001). Due to the low number of tissues having
scores of 0 and 3, groups 0 -1 and 2 -3 were gobtguether. There was no difference of
proportions of SSTR2 scores between acromegalicantiol groups. The tissue percentage
DAB positivity results are shown in Table 2. Theqemntage DAB positive tissue for SSTR2
immunoreactivity was greater in the acromegaliagrthan controls (0.20 % vs 0.016 Por
0.026). Nine samples had bd@&8TR2 expression data and SSTR2 immunohistochemistey dat
A positive correlation betweeBSTR2 gene expression and percentage tissue DAB staivesg
detected = 0.76,P < 0.001).

Expression of remaining anterior pituitary hormone and regulatory receptor genes

Five cats with HST had previously received pasideotreatment. There was no difference of
any gene expression data in pasireotide treatedi@inelated cats, therefore pasireotide treated
patients were not excluded. There were no diffezsrtetween gender or ages of patients
between groups for expression dat&GA, GH1, FSHp, PRL, TSHS, DRD2, SSTR1, SSTR2 and
SSTRS.

Expression oFSHp, PRL andTSHp was detected in all pituitaries (Table 2). Expi@as®f
CGA was not detected in one control pituitary amfi expression was not detected in one
control and four HST pituitaries. There were nagigant differences of hormone expression
between control and HST pituitaries. In the HSTugrdhere were strong correlations of gene
expression between the following hormones aftensidjent of thé> value for multiple testing:
CGA andFSHp, CGA andTSHp, FSHS andTSHpS and moderate correlation betwedeRL and
TSHp (Table 3).

The results of the expression of ®&'R1, SSTR2, SSTR5 and DRD2 for individuals with
HST are in Figure 6. The expressionSSTR3 or SSTR4 was not detectedill remaining
receptors were detected in 14/19 of the HST grouip $6TR5 andDRD2 detected in all the
HST group. There was significantly greater expmssif SSTR1, SSTR2 and SSTR5 in the HST
group compared to controls (0.093 vs 0.008, Manntiwly P = 0.007; 0.036 vs 0.002, t[25]= -
3.34, P <0.001; 0.151 vs 0.034, Mann Whitney P84, respectively) (Figure 3A). There was
highly variable inter- and intra-patient expressidi$STR1, SSTR2 andSSTR5 mRNA in control
and HST cats; there was moderate correlation bet®&ER1 andSSTR5 expression in the HST
group (Spearman’s rho 0.68,= 0.005); in the control group this correlationswet statically
significant (Spearman’s rho 0.72 = 0.18). No other receptor expression was coedlatith
one another. There was a moderate negative caoreladtweerDRD2 expression and pituitary
volume within the HST group (Spearman’s rho -0/52,0.041).There was no association
between somatostatin receptor expression and I€driction due to pasireotide treatment in the
cats which had received pasireotide prior to @tyitissue collection. There was also no
association between somatostatin receptor expreasid insulin dose or length of time
receiving exogenous insulin therapy.

6. Discussion

Human and feline acromegaly share many clinicalroomalities and the disease appears to be
increasing in prevalence in both populations. Thight in part be due to increased clinical
awareness and improved diagnostic tests. This steslgribes reticulin staining patterns,
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hormone and regulatory receptor expression in ¢mmal and acromegalic feline pituitary for
the first time. A description of the normal felipguitary gland was required because of the
paucity of current available information.

The percentage of GH and PRL positive cells inniienal cat pituitary was lower than
reported in adult humans (28 vs 45 % and 4 vs D5t respectively$®*3 As predominant cell
type of acidophils are GH-secreting cells, therttigtion of acidophils within a H&E stained
anterior pituitary section largely reflects thetdimution of the GH-producing cells within the
feline pituitary gland in health.

There was no consistent pattern of distributio@biFproducing cells in the normal feline
pituitary. These cells were seen to cluster onvaaky distributed throughout the anterior
pituitary. This pattern differs to the human piant where somatotrophs are predominantly
located within the lateral wings. PRL-producing cells tended to form clusters ofa@0 cells.
This pattern differs to the distribution in humanwisere they typically occur singularly. However,
in concordance to humans there was no specifidcitavithin the gland the PRL-producing
cells were seeff

Mixed GH- and PRL- adenomas or mammosomatotrophamdas account for up to 30 % of
cases of acromegaly in humafi§>. PRL positive cells accounted for less than 10f@ositive
cells in 87 % of the acromegalic pituitaries witle remaining samples containing 10.5 %, 10.5
%, 16 % and 20.5 % of PRL positive cells. Therefarexed GH- and PRL-adenomas /
mammosomatotroph adenomas were not a predomiretntdeof acromegaly in these cats.

The prevalence of pituitary hyperplasia was grega@an anticipated. It has been proposed
that hyperplastic change can precede adenomasmsfdrmation in human patients, and
somatotroph hyperplasia has been shown to resstinmatotroph adenoma formation in GHRH-
overexpressing mic®*3’ Somatotroph hyperplasia is considered a rarescafuscromegaly in
humans®. The prevalence of pituitary hyperplasia mighgbeater than suggested by these
results if the progression from hyperplasia to atea occurs in cats and the hyperplasia stage is
missed because many cats are not diagnosed wenbhtet of DM.

Cats expresse®STR1, SSTR2 andSSTR5 while SSTR3 andSSTR4 proved undetectable using
the employed methodology. ExpressiorD&tD2 was identified in all feline pituitaries. Cats
displayed a similar pituitary SSTR aBiRD2 profile to humans. These data provide therapeutic
targets for the management of acromegaly in catsahstantiates the comparative potential of
studying the acromegalic cat as a spontaneouslyroeg model of the human disease

Previous reports of SSTR mRNA expression in GHetety pituitary adenomas in humans
describeSSTR5 > SSTR2 while SSTR1 andSSTR3 expression can be highly variable 88TR4
expression is absefit** Immunohistochemical reports describe somatotrepbptor
expression as either SSTR2 > SSTR5 or SSTR5 > S&TRMHowever, these conflicting
reports might have occurred due to a differengaraportion of sparsely versus densely
granulated adenomas in the studied groups. Thesautusubtypes, which can be differentiated
by electromicroscopy or CAM5.2 immunoreactivity tean, have been documented to have
different somatostatin receptor expression profitd4*® Protein expression of SSTR2 in cats as
assessed by immunohistochemistry scoring was ltvaer reported in humari$*® This may be
a reason for the previously underwhelming respomsetreotide in acromegalic cats because
SSTR2 expression has been positively correlateld edgtreotide response in humafé**?

Only one cat in the acromegalic group exhibitefud# strong SSTR2 expression which
suggests certain individual cats might be suitabladidates to receive octreotide to manage their
acromegaly. The lower SSTR2 expression identifiethé cats in this study might be because
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we did not differentiate between sparsely or dgngednulated tumours. Finally, the detected
positive correlation betwee®STR2 gene expression as measured by GeXP multiplexyardin
levels as measured through immunohistochemistgllpés findings from previous studies,

Eggtoher supporting the robustness of this methagipfor within gene expression assessment

There are several different somatostatin receptarunostaining scoring systems where
immunoreactivity is categorised using semi-quatiiesystems dependent on pathologist
description of staining®*">*or percentage cells with stainifiy The current study employed a
semi-quantitative analyses which assessed sulaelbdation of staining, and quantification by
percentage DAB positive tissue. The results ofs#rai-quantitative analyses revealed the inter-
observer agreement was only fair. Therefore, thegoeage DAB positive tissue was used to
analyse SSTR2 immunoreactivity instead. This tyfpgnalysis is only as reliable as the defined
colour spectrum cut off for presence or absenatanhing. The programme for this analysis was
designed to be highly specific for positively stdrtissue. This might have lowered the
sensitivity for the identification of weakly posiély stained tissue and favoured identification of
the strong membranous staining which was typiaallye darkly stained than cytoplasmic
staining. However, the latter could in fact be mappropriate since membranous staining is
more heavily weighted when scored in many of theigpiantitative scoring systems; additional
reassurance was provided by the fact that immutadfiemical analysis data exhibited strong
correlation with gene expression data.

The entire acromegalic group expresB&D2 while DRD2 expression is not found so
consistently in human sampl&*°3 PRL expression was also detected in all samples.
Therefore, the presencel@RD2 might have been due to the presence of lactotrdphs
veterinary medicine, acromegalic cats undergo fearac total hypophysectomy rather than
adenomectomy surgery which might result in hegiitwitary tissue being adherent to the
adenoma. Nevertheless, there was no correlatioveleePRL expression anBBRD2 expression
which argues against this, and would be consist@httumorous somatotroph DRD2
expression.

There was no difference DRD2 expression between acromegalic and control chitsuagh
a moderate negative correlation betwBRD2 expression and pituitary size was detected.
Dopamine has been shown to block cell cycle prajpasand activation dPRD2 by dopamine
in a gastric cancer cell model has been shownpprsss cancer cell invasich>. Additionally,
the loss 0DRD2 in mice resulted in large prolactinontdsDRD2 loss in the pituitary might
therefore also promote large somatotroph tumoumddion in cats. These data also suggest that
dopamine agonist therapy should be further evadliatecromegalic cats and particularly in
those with smaller pituitary tumors, because rasist to dopamine agonist therapy has been
associated with lowdDRD2 expression in human GH-secreting adenotas

One potential limitation to the study was thatcalls with acromegaly were diabetic and
receiving exogenous insulin. Previous studiessh fiave shown SSTR expression to increase in
a dose dependent manner when exposed to increasiagntrations of insulin and glucose in
the acute settint °® whether this effect is sustained for longer tBdrhours has not yet been
reported. Our current studies found no correlatioetsveen SSTR expression and insulin dose or
length of time the cat had been receiving exogenmugin. Therefore, these findings suggest
chronic hyperglycaemia or insulin therapy might affect pituitary somatostatin receptor
expression in cats.
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In conclusion, the current study data reveals #terbgeneous expression of SSTRs in the
pituitary gland from domestic cats without pitujtalisease and those with acromegaly.
Additionally, in parallel with human medicinBRD2 expression was correlated with pituitary
tumour size in acromegalic cats. This study hasald several parallels between humans and
cats with acromegaly in terms of inhibitory recepioofiles. This receptor characterisation aids

our understanding of the morphology of the feliftaifary and data suggests acromegalic cats as

a model of the human disease in terms of develapiegpeutics for growth hormone inhibition.
Biotechnology and Biological Sciences Research Cio&B/L002795, Robert C
Fowkes
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Figure 1.Representative photomicrographs of grdwtimone (A - C) and prolactin (D — F)
immunostaining. A and D are x40 photomicrographealgstrating specific immunostaining for
somatrophs and lactotrophs, respectively. B anceiplaotomicrographs from a control cat C
and F are from an acromegalic cat.

Figure 2.Representative images of SSTR2 immunavéigatising feline pituitary tissue. A - D
represent pituitary tissue exhibiting SSTR2 immustaithemistry scores 0, 1, 2 and 3,
respectively using the following criteria:.0 = abgel = cytoplasmic staining; 2 = membranous
staining in less than 50% cells or incomplete membus staining; and 3 = circumferential
membranous staining in >50% cells. All presenteat@imicrographs collected at x100
magnification using Leica DM400 B, Leica Microsysi® Cambridge, UK.

Figure 3.An electropherogram results from PCR petslusing multiplex 1 primer sets The blue
peaks represent PCR products from gene specifivepsi and red peaks represent product size
standards.

Figure 4.All images stained using Silver stainriticulin fibres and counter stained using
Nuclear Fast Red solution. A and C; reconstructiéchgd pituitary x100 magnification
photomicrographs from two control pituitaries. Bldd; x400 magnification photomicrographs
from A and C, respectively. The acinar patternediculin staining is identified in B and D. This
pattern of reticulin staining was demonstratedilinegiculin staining control pituitaries.
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Figure 5.All images stained using Silver stainriticulin fibres and counter stained using
Nuclear Fast Red solution. A — D; selected imagksrt from reconstructed stitched pituitary
x100 magnification photomicrographs from four HS@uparies. A; disrupted reticulin staining
and loss of acinar structure. B; areas of enlaegédl (blue stars) and areas of loss of acinar
structure (blue cross). C; enlarged acini (bluesytadjacent to normal sized and small acini. D;
loss of acinar structure in the bottom right of ilmage (blue stars), and adenomatous tissue has
compressed the normal pituitary tissue resultingoimpression of the acini and a ring of cords
of acini giving the impression of a pseudocapsule.

Figure 6.A: Bar charts comparing the relative gexgression o8STR1, SSTR2 and SSTR5 in
pituitary tissue from control (CTRL) and acromegdl\cro) cats determine using GeXP
multiplex techniqueRPL18 is the reference gene. Bar height represents esue@error bars are
95% confidence intervals ** represems 0.01 and *** represent® < 0.001. Dot plot of the
individual somatostatin profiles from each of ti8acromegalic cats.

Table 1.Clinical data of cats in the control antbategalic groups. All cats enrolled in this study
were neutered.

Insulin \ o -
Sex 1= Body : Time | Pituitary | Pituitary
Controll Age male 2 =|Weigh{ Breed Concurrent diseasp Treatmen units Diabetic|DV Heigh{ Volume IGFL
Group| (yrs) (units / (ng/mL)
female | (kg) (m) (mm) (cm3)
gl2h)

1 11 1 3.7 | TonkinesfpM insulin - lente 2 5
2 12 1 5.0 ASH DM insulin - PZI 1.5 16 173
3 14 1 4.7 DSH DM insullin - PZI 25 12 469
4 10 1 4.4 DSH | DM insulin - lente 4.5 1
5 15 2 3.3 DSH | DM insulin - glargine 1 4 222

furosemide,

pimobendan,
6 13 1 5.4 DSH | Cardiomyopathy |clopidogrel

prednisolone,
7 13 2 3.1 DSH | Lymphoma vincristine
8 15 2 34 DLH CKD

aluminium
9 1 1 4.6 DSH | CKD hydroxide
10 6 1 4.3 Oriental| IMHA prednisolone
11 2 2 4.6 | SavannafCardiomyopathy none

Norwegian multiple

12 9 1 6.5 Forest | Sepsis antibiotic therap
13 7 1 DSH | Pleural effusion
14 15 1 4.7 DSH CKD
15 16 1 6.6 DSH DM 4 868
16 8 1 4.0 DSH | DM newly diagnosed

prednisolone,
17 2 2 35 DSH | Myelodysplasia chlorambucil

DM/ insulin -glargine

18 16 2 3.1 DSH [Hyperaldosteronism |spironolactone 7
19 12 2 52 DSH CKD

prednisolone,
20 1 2 4.1 DSH | IMHA chlorambucil

aluminium
21 15 1 4.3 DLH | CKD hydroxide

Gastrointestinal
22 18 1 3.9 DSH |[disease - unclassified
HST Group
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DM, chronic
enteropathy - insulin - lente,
1 11 2 6.6 DSH |unclassified PAS-LAR 2 15 6.2 0.15 159§
insulin -glargine,
2 11 1 5.7 DSH DM PAS-LAR 2 10 5.0 0.09 >2000
DM, hepatopathy -
3 10 1 4.9 DSH |unclassified insulin - glarging 0.5 15 10.0 0.58 1271
4 13 1 4.2 DLH | DM insulin - lente 7 13 6.6 0.08 483
insulin - lente,
PAS-LAR,
5 14 1 4.1 DSH DM /HCM aspirin 3 53 6.4 0.05 1714
6 10 1 8.0 DSH | DM insulin - glargirle 0.5 4 5.0 N/A 1629
7 13 1 6.5 DSH DM insulin - lente 11 45 7.1 0.1 848
8 5 1 7.1 DSH | DM insulin - glargine 18 24 5.7 0.09 >200
9 10 1 6.0 DSH | DM insulin - lente 11 9 7.0 0.14 ead
10 6 1 5.0 DLH | DM insulin - glarginp 3 5 7.8 0.27 1391
11 15 1 5.0 DSH | DM insulin - glargine 4 5 7.0 0.12 1536
DM, chronic
12 14 1 5.4 DSH |enteropathy insulin - glargie 1.5 0 5.8 0.06 1342
13 11 1 5.2 DSH | DM insulin - glargirje 0 5.5 0.09 >2000
14 6 7.2 DSH DM insulin - lente 0 45 0.07% 1289
Maine
15 14 1 4.5 Coon |DM insulin - PZI 19 4 6.6 0.08 184y
16 9 1 4.1 DSH | DM insulin - lente 5.5 6 6.1 0.0 223
17 14 1 35 DSH | DM, CKD insulin - lente 7.5 2 0.0 /AN 1395
Maine
18 12 1 5.9 Coon |DM insulin - lente 6 4 5.8 0.11 167p
19 10 1 5.6 DSH DM insulin - lente 14 3 9 N/A| 1540
20 6 1 3.5 DSH | DM insulin-glarging 1 1 5.4 0.07 12
21 9 1 5.8 DSH | DM insulin - lente 2 3 55 N/A| >2000
Maine insulin - lente,
22 8 1 4.3 Coon (DM PAS-SAR 21 5 11.1 0.65 >2000
DM. chronic insulin -glargine
23 11 2 5.5 DSH |enteropathy PAS-LAR 15 19 85 0.40 >200p
24 8 1 4.6 DSH | DM insulin - lente 18 7 11.0 0.61 oO6a
DM, chronic
25 14 1 5.4 DSH |enteropathy insulin - lente 0 5 5.0 0.04 1382
26 10 1 5.4 DSH | DM insulin - glargirle 3.5 3 5.0 0.05 1567
27 15 1 11.3 DSH DM insulin - lente 0 21 10.4 N/A 770
28 15 1 4.0 BSH | DM insulin - lente 0 8 5.2 0.0 ead
insulin -glargine
29 13 1 5.7 DSH DM, CKD PAS-LAR 3 21 5.6 0.08 >2000
30 13 2 7.7 DSH | DM insulin - lente 4 5 6.3 N/A 1304
31 11 2 5.7 DSH | DM insulin - glargie 9 4 7.4 0.17 919
32 7 2 8.0 DLH DM insulin - lente 7 4 6.2 0.12 1815
33 10 1 5.9 Bengal| DM insulin - lente 5 3 4.8 0.0 1188
DM, chronic insulin - lente,
34 9 2 6.6 BSH |enteropathy SAMe 5 5 7.2 0.17 1775
35 12 1 6.7 DSH DM insulin - lente 11 N/R 7.0 0.08 >2000
36 9 4.4 DSH | DM insulin - lente 14 6 6.8 0.14 ead
insulin - PZI,
37 14 2 4.8 DSH DM PAS-LAR 0.5 13 6.0 N/A 1938
DM, hypertrophic
38 13 2 35 DSH |cardiomyopathy insulin - lente 4 4 5.2 0.04 >2700
39 11 2 3.5 BSH DM insulin - PZI 9 24 54 N/A 1210
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Table 2.Gene expression data and GH, PRL and S8@RAnohistochemistry scoring of cats in

the control and acromegalic groups.

OI1D10.1210/js.2018-00226

IHC
. . HC%DAB| % |
Relative Gene Expression +ive DAB |Reticuli
: n
Contr Ve 1 taining
I 1 coalrsis| g |LHB| PRL |TsHB| SSTR|SSTR|SSTR|DRD | 5 |GHRH| GHS | oy [P [SPERF 1y | pri|SSTR
Group 1 2 5 2 R R 1 2
4.2354.86d43.259%12.3243.114 0 | 0 |99%0.6439°3740.100¢-2090-2040-4591 6314
1 5 3 8 37| 1
5.5008.3173.666 39 1.5042.704 0.01| o |0-06Q13890483 ; 535(0.1180.433, 54> 5934
2 7 6| 1| 3 5 | 4
16.91 117 003313722727 0.0880.1570.573
s :2h 155910 |1.43q 1889 0.01| 0 |%9391379% 727 0.2031 028975102790 5144
0.08 0.289 0.06d0359 |
4 |2341]2534 J91.3990.844 2890.3054 0 |*2%99%%90.4907, |- 0346
s [5:8074.791.173 0'5’4 29182524 ol of o 0'275 0'2161.9425
0.50 0.0211.3140.292 0.2330.2000.755 75.24
o |44594.742 S920990.957003 0 |097113190299 0.322|%-23902090 7% 6494 ™24 loooo
17.0620.21 13.89 0.0040.0241.081]0.357 0175903410911 . 162,87
o [M09% 76201389 0.01(09090-029 19800357 514901 T40-2440-900 52010251 Josed
0.22 1.1160.591 0.096 29.30
o |5.7085.6123.111%2%3.409355¢ o [ o | o [“3'9%5% o | o | o |*3%053447%% opd0023
0.44 0.0241.673 0.284 45.82
o [293728571.679% 1062224 o | 0 |29 o | o (%281 o |o21foes74*%PY, Joos
10 3.27¢ 0524 168
0.0130.0650.971 0.288 0.350
11 5129 017215 3192903148751 O |"27| O [7619s.105 X
0.0080.0670.9920.278 0.476 10.79
1 001)%9°9%201%9%9%2 4 0.28000.289 0 [*97903034*%" o fo00r
22.1517.88
13 8 | 8 X
30.94
14 6 25249020
31.29
15 3 |1.9904%:0%7
39.22
16 0 |0.00d
20521287
17 P I [T (R
16.01]12.11
18 s |1 X
15.37
19 4 |0.064%00%
50.0712.47
20 5 | 5 |0000
41.9018.29
21 6 | 6 |99 «
22 7.989.155 0.020
Acro
Group
0.03 0.0690.221]0.741]0.432 0.1240.213
L |16042.116 091.5040.569 0.11|*9°9%-22110- 74409390 2054 0.12|* 1210210 3345
0.05 0.0240.3060.8580.392 0.1750.0550.464 95.61
, |16191.5843.719%2% 1840110 0.12(*979 73090 85903920 4604 017909590 240 615450, | J126d
0.14 0.0360.1670.495 0.0200.1170.946
5 |150q0.574 1Mo6ago.007 0 | o |939%1670-299 0,057|%9210 11109491 423
4 |2.5212.585 1.97d2.035 0.25] 0 |0.229 0.94f 0.391 02986229 0.186 0.60b 0.59pa4.66 0.0710.020
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5] a2 o o] 7] 5 2
0.0791.2550.652 0.2360.3490.869 88.50
o [67497.4846.750  |1.25q1.209 0.03 0 |*97912590-0590.375502%90-3490.809 65648850 ' l0.008
45295 488 0325 5882.432 0.01[%:0390-0891.6540.33% 4 5 1540 114 0 |°-2691 1601
6 5 9|8 |a]| 7 8
0.19 0.0630.3101.2560 291 0337 163.79
. |3.0843.1592.927%392.48590.874 0.26(*909 319125902906, 42770337 o 0.3540.7301%%7 | Jd 2928
0.09 0.0170.1170.5830.328 0.0750.1890.373 59.08
o [6:0296.820 9901.8653.047 0.03| " 911 0-11710-2890.32 5 554, 0-0790.2890-3735 32045 0.219
0.03 0.2390.743 0190214 ___155.08
o |18051.300 2421192337004 0 |°239%749 909| o909 0.22f° 01002120 5633°5.%9 . J0.579
0.1510.1140.8290519 0.2890.030 122.79 21.54
10 |3:3675.492 2.1340.999 0.19| %154 0-1190-8290.519 415902890030 4740 67297279 | %%
023 0.0270.0542.5080.374 0.0290.0440.321 12.8920.61
11 |+138423q1.803% 25302151 o [0927005425090:374 ¢ 1492092000490 320 55041289206 gy
011 0.071]0.1241.1430 243 0.0860.3090.669 . .__131.14
Lo [36944.49q4.044° 12,4091 0qf 0.13| 00701741 1490249 ¢ 3650989 0-3090.568 57543119 | J0.300
37.3145.77 11.2426.89 . __[0.0090.1580.781]0.322 0.200 05101
1319 9 | a [99°f 4| 6 | 5| 2 |03159 , 0169 g 082939 9990 521
032 1.269 0.2440.80d. . 139.60
14 |4.05d4.561 5l2.9042.251 2902229 0 [%5*1%8%1.2001%%%9 ..
0.76 0.0330.091]0.9240 344 0.109
15 |5:4575.6692.825°%2.2543.909 0.2 |*937009109290-3490 31621 6.00d0.471
0.25 0.0570.1511.0130.319 0.13q0.4591.019 . - |
16 |5:5505.751 293.4012.319 0.02|*9>1°2°1-9194°-3190.3564 % 139 2299 F0.7804
0.0200.0991.199 0.103 0583 __ ]23.46
. 7507 001|29290299199 o | o %199 o (0989055032349 o do.018
27.79 83.59
18 9 7 |1.994%:0%
2822
" 3.442 123 | ood 0022
56.43
20 6.247 "3 0,651 0168
15.61] 86.54
21 1 5 |2.614%007
56.49
- 0.938 519 6 2140342
59.53
23 6.803 3 |3.42
15.61] 91.78
24 1 1 |0.008
32.14
»s 2.207 o P P!
20.8710.52
- 187110.590.184
27 9.748.7690.167
20,35
28 3 105749099
34.54
29 5 |0.354 %109
67.59
30 5 |0.242
92.01
31 4 |0.00q%-043
51.61
32 1 |1.1244888
69.5416.26
33 1] 1
55.94
34 6 |3.078
35 82.17 4.516.008
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1
56.68

36 6 0302018
15.6710.44

37 3| 9
26.29

38 2 |4.438 X
a7.77

39 1 |4571

Table 3.Summary of Spearman rank correlation ggpeession data in the control group and
acromegalic groups

Group |GengCorrelate to|GengSpearman's rhqP valugAdjusted P valug

Contro| PRL VS TSH} 0.800 0.010 0.104
CGA VS PRL] 0.810 0.015 0.104
CGA VS FSH 0.786 0.021) 0.104
CGA VS TSH} 0.714 0.047 0.150

Acro [CGAl  vs  |FsH| 0979  [<o0.00L  0.005
cGAl vs  [tsH| 0937 [<o0.00L  0.005
FsHsl  vs  |Tsep| 0930 [<o0.00L  0.005
cGAl s PRL| 0615 0.033 0.092
FsHs|  vs PRL 0615 0.033 0.092
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