
The growth inhibitory effect of anti-growth hormone (G144K) on canine mammary 
carcinomas. 
 
L.L. van Stee, J.A. Mol, F.M. Riemers 
 
 
 

 
 

 
 
A Research Report  of the Faculty of Veterinary Medicine, Utrecht University  
Student name: L.L.van Stee 
Student number: 0249076 
Supervisor: J.A. Mol 
 
 
Laboratory activities: May - December 2007 
Literature study and Statistical analysis: September – November 2008 



ii 

 



iii 

Abstract 
One out of four intact bitches will develop mammary gland tumours. Current therapy is 
surgical removal of the neoplasm but this is insufficient in most cases. It is suspected 
that growth hormone plays an important role in mammary gland tumourgenesis and 
could serve as a target for novel therapy strategies. Aim of this study is to prove effi-
cacy of a canine anti growth hormone on inhibitory effects on GHR and its possible 
therapeutic application on canine mammary carcinomas. Canine pituitary growth hor-
mone was collected from a healthy dog’s pituitary and sequenced. A point mutation 
was made on amino acid 144 to transform Glycin into Lysin, creating a growth hor-
mone mutant (G144K). Inhibitory effects of G144K were tested in a pGH/G144K coïn-
cubation experiment using a HEK 293 cell line containing a rabbit GHR (rGHR). The 
HEK293/rGHR cells were transfected with a Renilla construct and a Stat5 SpiLuc con-
struct to determine respectively cell viability and STAT5 activity as a function of GHR 
activation. Stimulation of the rGHR was achieved by using 2,27 nmol/ml of pGH solu-
tion and lead to a 7 fold increase of basal Stat5 activity. Coïncubation with 208 
nmol/ml G144K disabled pGH from stimulating rGHR, thus Stat5 levels remaining at 
basal activity. Canine growth hormone mutant G144K is able to inhibit rGHR activa-
tion with biological active pGH. The inhibitory properties of G144K could be of use in 
canine medicine and especially in canine mammary gland carcinomas, but more re-
search is needed to further analyse and improve the inhibitory effects of G144K. 
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Samenvatting 
Een op de vier intacte teven zal op enig moment melkkliertumoren ontwikkelen. De 
huidige therapeutische behandeling is chirurgische verwijdering van het proces, maar 
dit blijkt vaak onvoldoende. Groeihormoon speelt mogelijk een belangrijke rol in de 
tumorgenese van de melkklier en kan deinen als doelwit voor nieuwe antikanker thera-
pieën. Het doel van dit onderzoek is het aantonen van inhibitoire effecten van een 
groeihormoon antagonist op de GHR en de mogelijke therapeutische toepassing ervan 
bij canine mammacarcinoom.  
Canine GH werd geoogst uit de hypofyse van een gezonde hond en gesequenced. Een 
puntmutatie werd aangebracht in de tweede receptor bindingsplaats ter hoogte van 
aminozuur 144 waarbij Glycine door een Lycine vervangen werd (G144K). GHR inhi-
bitie werd getest op een HEK 293 cellijn met daarin een konijnen GHR (rGHR). De 
HEK293/rGHR cel lijn werd getransfecteerd met een Renilla construct en een Stat5 
SpiLuc construct. Hierdoor was het mogelijk om respectievelijk cel vitaliteit en de 
Stat5 activatie als functie van GHR activatie te meten. Stimulatie van de rGHR werd 
verkregen door 2,27 nmol pGH/ml toe te voegen aan de celkweekplaten en leidde tot 
een stijging van 7 maal basaal Stat5 activiteit. Coincubactie met 208 nmol G144K 
voorkwam pGH geïnduceerde Stat5 activatie. De in vitro aangetoonde inhibitoire ef-
fecten op de GHR van G144K zouden kunnen worden toegepast bij canine melkklier 
carcinomen, maar er is meer onderzoek nodig voor verdere analyse van en de verbete-
ring van de antagonistische eigenschappen van G144K. 



v 

Contents 
Abstract iii 

Samenvatting iv 

1 Introduction 1 

2 Literature Review 3 
2.1 Epidemiology..................................................................................................... 3 
2.2 Anatomy and Pathology..................................................................................... 3 
2.3 Animal model .................................................................................................... 5 
2.4 Current cancer therapy....................................................................................... 6 

2.4.1 Surgery ..................................................................................................... 6 
2.4.2 Alternatives .............................................................................................. 6 

2.5 GH biology and pathology................................................................................. 7 
2.5.1 Growth Hormone ..................................................................................... 7 
2.5.2 Extrapituitary GH synthesis ..................................................................... 8 
2.5.3 The importance of extrapituitary GH synthesis in canine mammary gland 
neoplasia ............................................................................................................ 9 
2.5.4 Pathology of the GHR in canine mammary gland carcinoma .................. 9 

2.6 A novel cure for cancer...................................................................................... 9 

3 Developing a canine GHR-antagonist 11 
3.1 Material and Methods ...................................................................................... 11 
3.2 Results.............................................................................................................. 11 

4 Testing a canine GH antagonist in vitro 13 
4.1 Material and Methods ...................................................................................... 13 

4.1.1 Analysis.................................................................................................. 14 
4.1.2 Cell line .................................................................................................. 14 
4.1.3 Growth hormone and anti growth hormone preparations....................... 14 
4.1.4 Statistical analysis .................................................................................. 15 

4.2 Results ............................................................................................................ 16 

5 Testing a canine GHR antagonist in vivo 18 
5.1 Material and Methods ...................................................................................... 18 

6 Discussion 19 
6.1 Anti cGH.......................................................................................................... 19 

6.1.1 Inhibitory effects G144K on rabbitGHR................................................ 19 
6.2 Material and Methods ...................................................................................... 19 

6.2.1 Cell line CMT U 335.............................................................................. 19 
6.2.2 Cell line CMT U 227.............................................................................. 20 
6.2.3 Stop&Glow ............................................................................................ 20 



vi 

6.2.4 pGH vs. synthetic cGH........................................................................... 20 
6.3 In Vivo experiment .......................................................................................... 21 

6.3.1 Pegylation............................................................................................... 21 

7 Suggestions for further research 22 
7.1 PRL-GHR interactions..................................................................................... 22 
7.2 In vitro experiments ......................................................................................... 22 
7.3 In vivo experiments.......................................................................................... 22 
7.4 Drug Delivery .................................................................................................. 22 

Literature 24 

Appendix I: Lab journal 34 
 



 1 

1 Introduction 
Cancer is an important cause of death in pet animals (Bonnet et al, 2005; Dobson et al, 
2002). In a study which performed autopsy in over 2000 dogs, approximately 45% of 
the dogs over the age of 10 years died of cancer (Bronson, 1982). 
 
Mammary gland tumours are the most frequently diagnosed neoplasia in intact female 
dogs. One out of four intact bitches will eventually develop mammary neoplasms of 
which up to 50% are malignant (Dorn et al, 1968; Moulton et al, 1986; Philibert et al, 
2003), against 1% of the male dogs. The average age of discovery and/or development 
of mammary gland tumours lies between the age of 10 and 11 (Todorova, 2006). 
Causes that are known for their involvement in mammary tumourgenesis are versatile 
and many. 
 
The involvement of hormones in mammary gland neoplasia development is well rec-
ognized. Early spaying decreases the risk of developing malignant tumours of the 
mammary gland (Schneider et al, 1969).  And dogs spayed within two years before 
mammary gland carcinoma became clinical manifest, showed longer survival-periods 
then dogs that were intact or spayed 2 years or longer before mastectomy (Sorenmo et 
al, 2000). This clearly indicates the effects hormones have on the development of 
mammary gland tumours.  
 
A major progress was the discovery of the progesterone-induced extra-pituitary synthe-
sis of growth hormone (GH) in the canine mammae (Selman et al, 1994; Mol et al, 
1995; Mol et al, 1996). The possibility of autocrine or paracrine actions (van den Ei-
jnden et al, 2007; Kaulsay et al, 1999) within the canine mammary gland itself raised 
the idea that there might be a link between GH, tumourgenesis and auto-supportive 
behaviour of mammary carcinomas in the dog. GH and the GH-induced release of IGF-
I may play a major role on cell proliferation and differentiation.  
 
Based on the assumption that GH plays an important role in canine mammary gland 
tumourgenesis, the aim of this study is to develop and test a canine GHR antagonist. 
The hypothesis is that canine GHR antagonist will have an inhibitory effect on 
canine mammary gland carcinoma.  
Study objectives are: 

- developing a synthetic canine GHR agonist; 
- developing a biological active antagonist based on a single point mutation in 

the GHR binding site II of cGH, comparable to human GHR antagonist 
G120K in the synthetic canine GHR agonist; 

- testing inhibitory effects of the antagonist in pGH coincubation assays using a 
GHR containing cell line; 

- testing inhibitory effects of the canine GHR antagonist on canine mammary 
carcinoma cell line; 
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- testing the effects of the canine GHR antagonist in vivo by injecting it in 
healthy bitches; 

- designing a novel method to deliver the drugs in the tumour. 
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2 Literature Review 
This chapter describes literature concerning canine mammary gland tumour epidemiol-
ogy, anatomy and pathology, the dog as an animal model for human breast cancer and 
current and future therapies. Subsequently, growth hormone and its role in canine 
mammary gland biology and pathology will be discussed. 

2.1 Epidemiology 
Most of the epidemiological data of naturally occurring canine mammary gland tu-
mours, originates from two major studies performed in the early seventies (Hampe & 
Misdorp, 1973; Priester & Mantel, 1971; Sorenmo, 2003). These data are used in al-
most every next published study. But there were more comparable studies performed in 
that period and there is also more recent material available (Misdorp, 1964; Dorn et al, 
1967; Brodey et al, 1983; Bastianello, 1983; Moulton et al, 1986; Kelsey et al, 1998; 
Benjamin et al, 1999; Dobson et al, 2002; Bonnet et al, 2005). The two major studies 
performed by Dobson et al in the UK and Bonnet et al in Sweden have used informa-
tion derived from pet health insurance companies. These studies revealed no significant 
differences between the cancer incidence in the early seventies and the beginning of 
this century. Bonnet stated that cancer is the primary cause of death in pets in Sweden 
and the most common form of cancer is mammary gland neoplasia. Further analysis of 
that population reinforced that outcome (Egenvall et al, 2005). Dobson et al in the UK 
concluded that mammary tumours were third in line in likelihood when it comes to de-
veloping cancer. Skin- and soft tissue tumours followed by neoplasms of the alimen-
tary tract were more often diagnosed. 

2.2 Anatomy and Pathology 

 
Figure XX: The different components of mammarygland tisue. 

 
Mammary glands consist of different cell populations. The epithelial component   can 
be divided into three subtypes: the ducts are lined with two layers of cells; a luminal 
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layer of ductal epithelial cells and a basal layer of myoepithelial cells. The acini are 
also lined with a basal layer of myoepithelium but the luminal layer comprises of sec-
retory epithelial cells. The mesenchymal component forms the interstitial space. These 
cells can transform and become hyperplastic or malignant.   About 90% of all tumours 
diagnosed in the canine mammary gland originate from the epithelial component 
(Philibert et al, 2003). The majority of malignant canine breast tumours are adenocar-
cinoma's (54%) followed by solid carcinoma (32%), anaplastic carcinomas (5%) and 
9% forms a group of miscellaneous tumours like spindle cell sarcomas, mixed types 
and ductular carcinomas (Philibert et al, 2003). The tumours consist out of a single 
lump or multiple nodules, involving just one or several mammary glands. Average di-
ameter at time of diagnosis is usually >1 cm, which is in favour of metastasis (Strat-
mann et al, 2008; Philibert et al, 2003). Approximately 50% is malignant and out of 
these 50% expresses the metastatic phenotype (Philibert et al, 2003). The caudal two 
glands are far more often involved (83%) compared to the three cranial mammae 
(Stratmann et al, 2008). 
 
Mammary gland tumours in dogs are of interest to be used as a model for human breast 
cancer. Special interest goes out to prognostic factors, like the presence of certain re-
ceptors and their role in tumorigenesis. Receptors like PR, ER, PRLR, ErbB2, IGF-IR 
and GHR are well investigated in humans – and now become a point of interest in 
seeking animal models for human breast cancer. 
 
Evaluation of the histological features and the presence of steroid receptors within ca-
nine mammary gland tumours, lead to the conclusion that there was neither a relation-
ship between tumour grading and receptor incidence, nor a specific receptor pattern in 
certain tumours. However,  a lot of the tumours did have high levels of PR (69%) and 
ER (61%) within their cytosol (Eling and Ungemach, 1983). In humans, cats and dogs, 
ER and/or PR negative tumours have poorer prognosis (Antuofermo et al, 2007; Pena 
et al, 2003; Martin et al, 1984). One of the most malignant types of human breast can-
cer is inflammatory breast carcinoma. Only in dogs we find a comparable type of can-
cer. All of the 21 samples of canine inflammatory mamma carcinoma assayed, were 
ER negative (Pena et al, 2003). A very interesting feature of this study is the possible 
positive effect of progestagens on the development of dermal sarcomatous-like infiltra-
tion, which is associated with primary inflammatory carcinoma, the most aggressive 
form of this disease. 
 
In humans GH has also lactotropic properties. There is a proven crosstalk between PRL 
and GH pathways, where GH is capable of acting not only as a somatotrophin, but also 
as a lactogenous hormone (Wennbo, 2000).  PRL plays an important role in the devel-
opment of mammary gland tissue. The role of PRL within tumourgenesis in animals is 
unclear. For example, mice transgenic to bovine GH did not develop mammary gland 
tumours as did mice transgenic to rat PRL. Hence, activation of PRLR and not GHR 
activation leads to the induction of mammary gland tumours (Wennbo, 1997). In dogs, 
the concentration of  PRL in serum as well as in tissue homogenates is increased in all 
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types of mammary gland tumours compared with healthy mammary gland tissues 
(Queiroga et al, 2005), whereas PRLR is expressed in healthy mammary tissue and in 
only few mammary malignancies (Rutteman et al, 1986). 
 
The studies involving ErbB2 within canine and feline mammary gland tumours show a 
difference between these species. Dogs with malignant mammary tumours overex-
pressing ErbB2, tend to have a longer survival rate in a 2 year post operative follow up, 
then dogs with normal levels of ErbB2 within the tumours (Hsu et al, 2007). While cats 
with malignant invasive mamma carcinoma, ErbB2 overexpression is positively corre-
lated to a shorter overall survival rate in a two year post operative follow up (Millanta 
et al, 2005). COX-2 is also implemented as an important factor in tumour growth and 
angiogenesis. Expression is found in numerous preneoplastic and neoplastic circum-
stances in humans, including in colon and breast cancer. In canine invasive mammary 
carcinomas, COX-2 immunoreactivity only was found within tumours, not in healthy 
mammary gland tissue. Also higher levels of COX-2 were positively correlated with 
poorer prognosis, in both dogs and cats (Millanta et al, 2006). 
 
One study (Thordarson et al 2004) investigated the effect of GH or IGF-I administra-
tion in combination with other hormones after injecting carcinogenous material in GH 
deficient dwarf rat. All rats that were solely given bovine GH developed a mean of 7 
tumours in a far shorter period as did the non bGH treated groups. The importance of 
IGF-I in tumourgenesis was contradicted, because tumour growth was far less in the 
group given IGF-I. Combination of estrogen, progestagens and GH did not result in 
higher rates of tumour growth. This suggests that estrogen and progestagens could have 
a modulating effect on GH. 

2.3 Animal model 
Dogs could well serve as an animal model for human breast cancer. They are four 
times more often affected by mammary gland cancer then humans (Todorova, 2006). 
As in humans, adenocarcinoma is the most diagnosed malignant form of mammary 
gland cancer (Philibert et al, 2003; Todorova, 2006). 
 
Also, these animals live in the same environment as humans and are therefore exposed 
to the same carcinogens, unlike laboratory rodents. Hormone dependence in tumours 
effect the long-term outcome of the disease in both man and dog. As in humans, dogs 
with estrogen receptor (ER) and progesterone receptor (PR) positive tumours tend to 
have a longer disease free interval and overall survival time then do dogs with ER 
and/or PR negative tumours (Martin et al, 1984; Antuofermo et al, 2007). In dogs 
aswell mammary intraepithelial lesions (IEL) are found, which are presumably precan-
cerous lesions (Antuofermo et al, 2007; Gilbertson et al, 1983). The same lesions are 
increasingly since the starting of mammographic screening of women. Comparing 
these canine IELs immunohistochemically with their human equivalent leads to the 
conclusion that they very closely resemble human IELS, and it could be used as an 
animal model (Antuofermo et al, 2007). 
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2.4 Current cancer therapy  
There are numerous studies on possible cures for cancer in dogs, like the ones con-
ducted by Stratmann et al (2008) and Philibert et al (2003). But also on possible prog-
nostic factors, like diet, histopathology (Shofer et al, 1989), steroid receptors (Rosa et 
al, article in press; Millanta et al, 2006; Payne et al, 2008), COX-2 (Millanta et al 
2006), ErbB2  (Millanta et al, 2005; Payne et al, 2008; Dabiri et al, 2004) , cytology 
(Allen et al, 1986), post operative wound complications (Murthy et al 2007), age 
(Oestreicher et al, 2004), E-cadherin expression (Matos et al, 2006, 2006), Sialyl-
Lewis x (Pinho et al, 2007) and more. 

2.4.1 Surgery 
Surgical intervention is the foremost used therapy in the Netherlands. It’s consisting 
out of lumpectomy, regional and radical mastectomy without adjuvant chemo-, or ra-
diation therapy. But surgery alone might not be sufficient for several reasons. First, at 
the time of diagnosis, metastasis to regional lymph nodes and further on has taken 
place in about 13% (Philibert et al, 2003) to 34% of the cases (Benjamin et al 1999). 
Metastasis is more common in dogs with large primary tumours (Chang et al, 2005; 
Stratmann et al, 2008; Philibert et al, 2003) and in animals operated over 6 months af-
ter the discovery of the tumour. The prognosis at that time is poor and most animals 
succumb to pulmonary metastasis (Stratmann et al, 2008). Eventually 55% of the dogs 
treated, died from tumour-related disease (Philibert et al, 2003). Secondly, recurrence 
of tumours within the remaining mammary tissue after regional mastectomy takes 
place in about 58% of the cases (Stratmann et al, 2008). Dogs with an initial malignant 
type of neoplasm have more chance of recurrent disease. And in most a new tumour 
developed in the adjacent mammary gland - the caudal thoracic mammary gland 
(Stratmann et al, 2008).  

2.4.2 Alternatives 
There is a need for other approaches in mammary gland neoplasia management. In 
human medicine, cancer therapy consists often of a combination of chemotherapy, ra-
diation or surgery. Chemotherapy in veterinary practice is used only in a few specified 
types of cancer, and not at all in mammary gland tumours, although its benefits are 
proved in human medicine. Drugs like Doxorubicin and Docetaxel (Simon et al, 2006), 
or a combination of 5-fluorouracil and cyclophosphamide (Karayannopoulou et al, 
2001), which are often successfully used in women with breast cancer, were tested in 
canine patients with malignant mammary carcinomas in a post-mastectomy setting. 
There seemed to be a tendency for patients additionally treated with chemotherapeutics 
to have a longer disease free period compared to the dogs that only had the mastec-
tomy, but significance was only proven in the study concerning 5-fluorouracil and 
cyclophosphamide (Kayannopoulou et al, 2001).   
 
There are other new techniques and therapeutics for the treatment of human breast can-
cer being developed over the last few years. Trastuzumab (Herceptin®), for example, is 
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an anti-ErbB2 antibody, and can be used up to one year after surgery to prevent reoc-
currence of tumour growth. It targets the extra cellular domain of the ErbB2 trans-
membrane growth factor receptor, which is present in approximately 25% of all early 
breast cancers. ErbB2 encodes for an epidermal growth factor receptor related to tyro-
sine kinase. Its presence is associated with aggressive tumour behaviour and poor 
prognosis (Smith et al, 2007). Using trastuzumab in early ErbB2 positive breast cancer 
reduces the chance of early recurrence with 50% and lengthens the disease free period. 
Unfortunately tumour cells become immune to the antibody within time, causing tu-
mour growth (Nahta and Esteva, 2006). The use of trastuzumab in animals like cats 
and dogs might not be very interesting because ErbB2 could well be a favourable 
prognostic factor in these species in contrast to man. After mastectomy, dogs with a 
mammary gland tumour overexpressing ErbB2 had a tendency towards a prolonged 
disease free interval and a longer survival time then dogs that had a normal rate of 
ErbB2 expression (Hsu et al, 2007). 
 
A very promising therapeutic approach is a new drug called B2036-PEG or Pegviso-
mant®, a somatotrophin antagonist, registered for acromegaly treatment (Ross et al, 
2001; Muller et al, 2001; Goffin et al, 1999; Friend, 2001).  

2.5 GH biology and pathology 
GH is involved in numerous endocrine actions within the body. It plays an important 
role in sexual maturation and in mammary gland development during the oestrous cy-
cle in dogs. But GH expression can also lead to disease within the mammary gland. 

2.5.1 Growth Hormone 
GH is a peptide hormone that originates from the pars anterior of the pituitary gland 
and plays an important role in the somatic growth regulation, development and sexual 
maturation. Three different hormones mediate the GH release. Growth Hormone Re-
leasing Hormone (GHRH) and Grelin stimulate GH release, while somatostatin has a 
negative influence on GH release. The GHR is located in different cell types in differ-
ent stages of the development of the canine mammary gland during the oestrous cycle 
(Mol et al, 1995) and that differs not from the human mammary gland between neona-
tal period and puberty, up to lactation (Gebre-Medhin et al, 2001). 
 
GH has many endocrine functions including induction of IGF-I secretion by the liver. 
IGF-I is a mitogenic protein. Where a high plasma IGF-I concentration is known to 
increase the risk of breast-, prostate- and colorectal cancer, the absence of IGF-I pro-
tects against cancer (Perry et al, 2006; Yakar et al, 1999; Yakar et al, 2005; Laban et al, 
2003; Khandwala et al, 2000; Baserga et al, 2003). When GH interacts with the GHR a 
somatic cell, dimerization of the two intracellular domains of the GHR takes place by 
tyrosine phosphorylation. The activated STAT5a/b dimer, is transported to the cell nu-
cleus where it activates (IGF1) or represses GH target genes. 
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Intermezzo 
 
The GHR lacks intrinsic tyrosin-kinase activity and recrutes therefore a member of 
the Janus kinase family of cytoplasmatic tyrosin-kinases, JAK2. After ligand-
receptor interaction, the receptor-associated JAK2 activate itself by phosphoryla-
tion and subsequently phosphorylate tyrosin residues within the receptor C-
terminus, creating a specific STAT5 docking site. Once they are associated with 
the receptor tails, both STATs are phosphorylated, after which they dissociate 
from their receptor and dimerize. They now function as active transcription fac-
tors (Calò et al, 2003). STAT5a/b heterodimers regulate transcription of survival 
factor IGF-1 (Perry et al, 2006), influencing cell cycle with cylines like D1/D2 
(Bowmann et al, 2001) and c-myc (Lord et al, 2000), inhibiting apoptosis by in-
duction of Bcl-xl expression, Mcl-1 and Bcl-1, thereby increasing cell survival 
(Dumon et al, 1999; Silva et al, 1999; Calò et al, 2003; Buettner et al, 2002). In 
mice, Shan et al found a positive correlation between expression and nuclear lo-
calization of STAT5a and carcinoma grade. In human breast cancers, there was 
also a positive association, but not as high as in rats (Shan et al, 2004). Other 
studies found similar results (Bowman et al, 2000/2001; Bruetter et al, 2002). 

 
Insuline-like Growth Factors prolong GH action, because their plasma half-lifetime is 
much longer than that of GH itself for they are bound to insulin-like growth factor 
binding proteins (IGFBPs), synthesized in the liver. Plasma GH concentrations fluctu-
ates, but IGF concentrations remain relatively constant due to the IGFBPs of which 
there are at least 6 different transcriptions (Berne et al, 1998; Oosterlaken-Dijksterhuis 
et al, 1999). When IGF binds to the IGF1R, tyrosin-kinase signalling is initiated and 
cell growth and survival are evident. IGF-1R is found in both normal and tumourous 
breast tissue, but its expression in neoplastic tissue is 10 to 14 times higher compared 
with normal tissue. Together with an upregulated activity, the IGF-1R function reaches 
a 40-fold higher level. The main expression of IGF-1R appears to be localized in the 
ductal epithelium of the mammary gland neoplasm (Berne et al, 1998).  

2.5.2 Extrapituitary GH synthesis 
In 1994, a study performed by Selman et al, found extrapituitary GH synthesis in the 
canine mammary gland. This novelty pointed out the possible importance of GH in the 
constantly repeating cycle of mammary gland development in intact bitches. Both 
healthy and tumourous tissue contained GH mRNA, proving that GH synthesis is not 
exclusively preserved in the pituitary gland. Mammary gland GH mRNA is identical to 
the pituitary GH mRNA (Mol et al, 1995). This study also pointed out the importance 
of progestin in mammary gland tumourgenesis. The highest concentrations of GH 
mRNA were found in dogs treated for a prolonged period with progestins and in dogs 
with carcinoma's. In carcinomas GH mRNA was still found in PR negative samples 
which might indicate that after malignant transformation, GH synthesis becomes pro-
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gestin independent (Mol et al, 1995). Castration or ceasing progestin therapy may then 
be not sufficient. 

2.5.3 The importance of extrapituitary GH synthesis in canine 
mammary gland neoplasia 
The GH gene expression in healthy and neoplastic canine mammary glands was stud-
ied by Van Garderen et al (1997). In that study, distribution was as follows: Healthy: 
(n=24) GH immunohistochemistry showed no reactivity within other structures then 
the cytoplasm of ductal and alveolar epithelial cells. Clustered immunoreactivity was 
found in hyperplastic budding structures during early and mid-metestrus, and persisted 
into late metestrus as a heterogeneous staining of fully differentiated alveolar epithe-
lium. Because proliferation of mammary epithelium occurs from early to mid-
metestrus, the findings corresponded with the assumption that GH plays an important 
role in the development of mammary gland epithelium. Benign: (n=25) the predomi-
nant type is a complex adenoma, consisting of both epithelial cells and spindle cells. 
Immunohistochemical evaluation revealed that in most of the benign tumours GH 
mRNA was detected.  Immunoreactivity was predominantly found in tumorous epithe-
lium, not within the mesenchymal component.  Malignant: (n=19) solid carcinomas are 
the predominant type. Immunohistochemical evaluation revealed that 95% of the popu-
lation contained GH mRNA. (Van Garderen et al 1997)  

2.5.4 Pathology of the GHR in canine mammary gland carcinoma 
In the canine mammary gland carcinoma, there is a partial to total absence of splice 
variants of the GHR, also known as growth hormone binding proteins. In normal ca-
nine mammary gland tissue up to seven alternatively spliced GHR mRNA’s can be 
found (Van Garderen and Schalken, 2002; Van Garderen et al, 1999; Ross et al, 1997). 
This could be of importance to the dosage-effect ratio because GHBP’s compete with 
full length GHR for the binding of GH. If GHBP’s no longer buffer GHR activity by 
binding GH, the effect of GH might well become stronger in mammary carcinoma.   

2.6 A novel cure for cancer 
The growth hormone signalling pathway is a potential point of application for new 
breast cancer treatments. Because of the important role of GH in tumour development, 
inhibiting GH actions may inhibit tumour growth as well as transformation towards a 
more malignant type. 
 
There are different possible approaches for inhibiting GH signalling, for example on 
pituitary level by somatostatin administration, or on local level using GHR antagonist 
or GH antibodies.  (Because autocrien GH production occurs within the mammary tis-
sue itself, with or without paracrien effects, it is suspected to be of more importance 
than endocrien effects (Kaulsay et al, 1999; Van den Eijnden et al, 2007). GHR inhibi-
tion is most likely to succeed in inhibiting GH actions compared to the use of GH-
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antibodies. Options for GHR antagonism may vary from antibodies against the GHR to 
true antagonism of GH. 
 
The effects of a GHR antagonist would include blocking GH signalling pathway by 
preventing GH to bind to its receptor and thus receptor dimerization. It is important 
that the GHR antagonist has a high GHR affinity and no GH-activity. The receptor an-
tagonism may be partial or total. 
 
Pegvisomant ® or B2036-PEG is a human somatotrophin receptor antagonist registered 
as a therapy against acromegaly in case of inoperable GH producing pituitary tumours.  
B2036-PEG is the PEGylated form of a growth hormone mutant called B2036 which 
has a single point mutation. A single C-T or A-G transition in the receptor binding site 
2, causes an amino acid shift from lysine or arginine to glycine 120 (Ross et al, 2001). 
It has eight additional amino acid substitutions that improve the binding site 1 affinity. 
It blocks the growth hormone receptor without activating it and thus diminishes growth 
hormone effects within the body, including our point of interest: Breast tissue. 
 
Some results have been achieved by studies investigating the effects of Pegvisomant on 
mammary gland development and mammary gland tumours in mice. Intraperitoneal 
injections of Pegvisomant in mice give rise to a suppression of up to 60% of hepatic 
IGF-I mRNA and up to 70-80% of reduction of serum IGF-I. In virgin mice, mammary 
ductal outgrowth is inhibited, together with branching and budding, leading to a far less 
complex structure of the mammary gland.  In breast cancer xenograft experiments, in-
traperitoneal administration of Pegvisomant after xenotransplantation of MCF-7 cells 
in mice, lead to a decrease of tumour size of 30%, associated with a 50% decrease in 
proliferation and doubling of apoptosis (Divisova et al, 2006). 



 11 

3 Developing a canine GHR-antagonist 
A canine growth hormone and a canine growth hormone mutant which should act as an 
antagonist towards the cGHR were developed. The canine somatotrophin antagonist 
has a single point mutation in the second receptor binding site at the same place as does 
B2036. The inhibitory effects of the growth hormone receptor antagonist on the GHR 
will be assessed in chapter 3. 

3.1 Material and Methods 
The canine GH mRNA was obtained from healthy dog pituitary gland using the 
RNeasy kit from Qiagen (r) after cDNA synthesis.  
 
Primers were developed to PCR the canine GH:  GH55Fw1: ATG GCT GCA AGC 
CCT CGG AAC TC  GH713RV1: TGG GGA GGG GGT GAC AGA GAT GC  
GH755RV3: GTG GAC CCT GGA GCG GCA CTC All in combination with normal 
PROMEGA Taq.  
 
Next, the PCR products were cloned into a pGEM-T-Easy cloning vector, using 1 µl 
vector in relation to 1 µl PCR product, according to protocol. Transformation of JM109 
bacteria with the GH constructs. Colonies were picked and checked for the right in-
serts. A Miniprep was made of the correct clones. Two colonies were picked to make 
an ssTemplate. A mutation reaction was performed, using the promega GeneEditor kit. 
In brief: to anneal specific mutation oligo, synthesis of new strand using Oligo 
GH484Mut02: GAC CTG GAG GAA AAG ATC CAA GCC CTG (5'phosphate) with 
a Bottom strand selection: CTA TTT AGA CCT CGG CCA CTC GCA CCC AGA 
GCG CCA TAG TTA CG (5'phosphate), again all according to protocol. Afterwards, 
BMH71-18 mutS cells were transformed with the mutated construct.  Again, a Mini-
prep of BMH71-18 mutS Culture was made, followed by the transformation of JM109 
bacteria with the mutated GH construct. Picked colonies were subjected to a 
24/reaction, where each colony was put into culture in LB/ampi on a 96 well plate; 
grown 6h, 37°C, 225RPM. A Miniprep was made of the first 8 colonies, grew over-
night at 37°C, 225RPM; used one part for glycerol stock and 4 parts for Miniprep. The 
products were ready to be sequenced with SP6 and T7 primers.  
 
Subcloned into pTT3 vector, here by incorporating a Kozak sequence to enhance the 
expression in a mammalian expression system, plasmids of the right clones were used 
for a transient transfection of HEK cells. Medium was harvested and used either unpu-
rified (raw) or after a reverse phase chromatography purification. 

3.2 Results 
Canine pituitary growth hormone was collected from a healthy dog’s pituitary and se-
quenced. 
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MAASPRNSVLLAFALLCLPWPQEVGAFPAMPLSSLFANAV 

LRAQHLHQLAADTYKEFERAYIPEGQRYSIQNAQAAFCFS 

ETIPAPTGKDEAQQRSDVELLRFSLLLIQSWLGPVQFLSR 

VFTNSLVFGTSDRVYEKLKDLEEGIQALMRELEDGSPRAG 

QILKQTYDKFDTNLRSDDALLKNYGLLSCFKKDLHKAETY 

LRVMKCRRFVESSCAF 

 
A point mutation was made on amino acid 144 to transform Glycin into Lysin 
(G144K). The synthetic growth hormone derived from mutating canine growth hor-
mone weighed 24 kDa and had the following sequence: 
 

MAASPRNSVLLAFALLCLPWPQEVGAFPAMPLSSLFANAV 

LRAQHLHQLAADTYKEFERAYIPEGQRYSIQNAQAAFCFS 

ETIPAPTGKDEAQQRSDVELLRFSLLLIQSWLGPVQFLSR 

VFTNSLVFGTSDRVYEKLKDLEEKIQALMRELEDGSPRAG 

QILKQTYDKFDTNLRSDDALLKNYGLLSCFKKDLHKAETY 

LRVMKCRRFVESSCAF 

 
The synthetic canine anti growth hormone (G144K) was tested on its inhibitory effects. 
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4 Testing a canine GH antagonist in vitro 
After designing G144K, the canine GHR antagonist was tested on its inhibitory effects 
in vitro, during several optimization experiments using different protocols and cell 
lines. The final results were used in this paper.  

4.1 Material and Methods   
In this study, anti-GH was tested in vitro on a HEK 293 cell line that is stably trans-
fected with rabbit GHR, canine mammary carcinoma cell lines CMT-U227, CMT-
U335 and P114 and eventually in healthy female dogs in vivo. To be able to measure 
the activity of growth hormone within cells, transfected with 0.5 ng/ul Beta-Act Renilla 
and 200 ng/ul SpiLuc STAT5 reporter construct, using 2 ul lipofectamine 2000 ®.GH 
activity was measured with the help of STAT-5 reporter construct pGL2-SpiLuc that 
was transfected into the cell line. This construct was combined with a Renilla construct 
(phRL Beta-Act) to relate the concentration of STAT-5 to the amount of living cells in 
each well and thus the relative reaction of the cells to addition of GH and/or anti-GH. 
STAT-5 is a specific signal transducer in the JAK/STAT pathway that is activated in 
dogs only by GHR activation.  
 

 
 

 
 

Figure XXMM: pGL2 control vector by Roche and phRL null vector byPromega. 
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4.1.1 Analysis  
Measurements taken to determine STAT-5 activity were conducted by using dual-
luciferase reporter assay system by promega. Cells were washed once with 0,5 ml 
Hanks medium per well and dried. 100 ul 20% Passive Lysis Buffer was added to each 
well and incubated for 15 minutes at 50 rpm on a seesaw rocker. Next, the cells were 
frozen at -70°C for at least 20 minutes to ensure total lysation. The cell lysate was de-
frosted slowly at room temperature and pipetted in to a 96 well ELISA plate with a 
coned bottom. After that, the plate was centrifuged for 15 min at room temperature at 
2000 rpm. Subsequently 25 ul cell lysate was transferred to a Corning ® Assay Plate, 
96 well with a flat bottom, non-binding surface and made of white polystyrene. Avail-
able at Corning Inc, product number 3600. Dual Luciferase Assay reporter system kit 
contains one vial of Luciferase and one vial of Stop&Glow, which is a quencher for the 
luciferase and makes it possible to measure Renilla activity. 45 ul of Luciferase was 
added, a 2 second pause, followed by a 10 second measurement. Afterwards, 45 ul of 
Stop&Glow was added to the same well, and after a 2 second pause, the renilla-activity 
was measured. Results were given in lightunits. 

4.1.2 Cell line 
Cell lines CMT U227 and CMT U335 did not respond to growth hormone stimulation 
and therefore were excluded from further testing. Cell line P114 had shown to have 
low viability post transfection and was also excluded form further testing. The follow-
ing results were apprehended using a HEK 293 cell line with the stably transfected 
rabbit growth hormone receptor (HEK293/rGHR ) (van den Eijnden, 2007). 

4.1.3 Growth hormone and anti growth hormone preparations 
The cells were stimulated with either commercially available porcine growth hormone 
or the synthetic canine growth hormone that was simultaneously developed with 
G144K. Optimization tests showed a more steady reaction of pGH in comparison with 
the canine GH. As a result, further testing was performed using a concentrate of por-
cine growth hormone containing 2.27nmol pGH/ml. This GHR stimulant was adminis-
tered to approximately 50.000 cells to induce growth hormone receptor activation. 
 
After optimization, the first pGH vs. G144K coïncubation tests were performed. 
G144K was administered in series of increasing concentrations combined with a stable 
concentration of pGH. The best results were apprehended using between 20.8 nmol 
antiGH/ml and 208 nmol antiGH/ml. For further statistical analysis, bigger test groups 
were made with a total of n = 96, dividing the total amount of wells in two groups: one 
of 20.8 nmol antiGH/ml and one of 208 nmol antiGH/ml. Each group contained 4 sub-
groups with n=12 each. 
 
To 50% of the wells 2.27 nmol pGH/ml was administered. Half of those wells were 
also antagonized at the same time, the other half was treated with an placebo growth 
medium. 
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The wells that did not receive pGH were also split in two groups. One group did not 
have any antagonist administered to it and the other half was incubated with anti-
growth hormone. 
 
Subset 1 - pGH 

- G144K 

Subset 2 - pGH 
+ G144K 

Subset 3 + pGH 
- G144K 

Subset 4 + pGH 
+ G144K 

 
Two plates were incubated with 20.8 nmol G144K/ml and two other plates were incu-
bated with 208 nmol G144K/ml, and both groups were stimulated with an invariable 
concentration of 2.27 nmol pGH/ml. 
 
The tests are divided in 2 groups, each containing 4 subsets of data. First group (n=48) 
contained data from the plates that were incubated with 20.8 nmol G144K/ml. The sec-
ond group (n=48) contained data from the plates that were incubated with 208 nmol 
G144K/ml. Within these 2 groups, there were 4 subsets of data. Subset 1 (n=12) was 
considered to be the control group and contained Stat5 Luciferse/Renilla ratio meas-
ured in wells that were exposed to neither pGH nor to G144K. These results concerned 
basal STAT5 activity of the cell line and were used to standardize the other results. 
Subset 2 (n=12) contained data from wells incubated only with the canine GH antago-
nist, and should therefore not exceed basal readings. Subset 3 (n=12) contained data 
from wells incubated with a biological active true GHR agonist in the form of pGH, at 
a standardized concentration of 2.27 nmol pGH/ml. Compared to the control group, the 
Stat5 luciferase activity should rise a 3-7 fold compared to basal readings, without to 
much interference with Renilla activity.  Subset 4 (n=12) data was derived from wells 
that were coïcubated with pGH as well as G144K. Goal of these tests was to prove 
GHR antagonist properties of the G144K preparation. 

4.1.4 Statistical analysis  
The results of the four different subsets of both 20.8 nmol/ml and 208 nmol/ml G144K 
groups, recovered from the final optimization experiment were used.  Statistical analy-
sis was performed using an one way analysis of variance (ANOVA), followed by post 
hoc analysis with Bonferroni. Results were considered significant if P<0,05 
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4.2 Results                                                                                    

Effect of G144K on Stat5 luciferase activity
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After statistical analysis, results were as follows: G144K had no significant enhancing 
effect on Stat- luciferase or Renilla activity in both groups. Stimulation of the cells 
with pGH produced the expected raise of Stat5 activation of up to 7 times basal read-
ings.  
Group 1, using 20.8 nmol G144K/ml, thus a 9.16:1 antagonist:agonist ratio, reduced 
Stat5 luciferase/Renilla ratio with 58%  compared with stimulation by pGH only, low-
ering Stat5 luciferase/Renilla ratio to a threefold activity compared to basal level. 
Group 2, using 208 nmol G144K/ml, thus a 91.6:1 antagonist-agonist ratio, inhibited 
stimulation completely, bringing Stat5 luciferase/Renilla ratio back to basal activity 
levels. 
 

Group 1 
ratio 500 ng/ml 
 Mean SD % -,- 

control 1,113 0,134 100% 

G144K 1,336 0,216 120% 

pGH 8,111 0,758 729% 

pGH+G144K 3,436 0,414 309% 

Group 2 
ratio 5000 ng/ml 
 Mean SD % -,- 

control 1,084 0,076 100% 

G144K 1,081 0,090 100% 

pGH 7,536 0,491 695% 

pGH+G144K 1,236 0,155 114% 
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5 Testing a canine GHR antagonist in vivo 
Because of limited time, in vivo testing of the canine GHR antagonist was postponed. 
Material and methods remain a theoretical discussion and may serve as a template for 
further research. 

5.1 Material and Methods 
There are different methods to administer drugs. The most convenient way is par-
enteral, but when it comes to peptide hormones, the immune system could cause sig-
nificant problems. The genetically modified receptor binding place can act as an epi-
tope and therefore can activate a serious immune responses. Besides that, peptides are 
very vulnerable and are easily broken down. Half life time therefore is short. To en-
hance half life time and decrease immunogenicity, it is possible to attach polyester 
molecules to the peptide hormone. This process is called PEGylation. (Esposito et al, 
2003; Lee and Park, 2002) The substance PEG (Polyethylene Glycol) is bound to the 
hormone molecule. Unfortunately, receptor affinity is also decreased. To enhance re-
ceptor affinity, human growth hormone antagonist B2036 was submitted to subse-
quently 8 point mutations to increase receptor affinity of receptor binding place 2. Our 
canine growth hormone antagonist G144K already has poor receptor affinity (1:91.6) 
and PEGylation would only further decrease receptor affinity (Ross et al, 2001). There-
fore, placing additional point mutations in the receptor binding area 2 should be con-
sidered. 
 
Parenteral administration of drugs acquires larger amounts of chemotherapeutics com-
pared to local administration. IGF-1/GH plasma concentration is higher in the venous 
return of the mammae with mammary carcinomas than in non neoplastic mammary 
tissue. IGF-1 is thought to be cause of neoplastic effects of mammary carcinoma, but 
sustaining and growth of the tumour, is mainly caused by auto- and paracrine GH ef-
fects. Local antagonizing of  the GHR will decrease IGF-1/GH exiting the mammae 
and systemic effect, but will also inhibit auto- and paracrine GH effects and thereby 
proliferation and/or differentiation. A whole new technique to deliver drugs into a spe-
cific tissue is using in vivo transfection. That could be achieved by transplanting trans-
fected cells into that specific tissue, or by transfecting in situ. Either way, the animal 
becomes transgenic which incurs several problems. First, there is an ethical question 
whether these techniques are socially desirable thus the possible lack of public support. 
Second, present law forbids usage of transgenic animals outside laboratory settings.  
Third, genetically different cells could become target of the immune system and as a 
result therapeutic benefits could be neutralized.    
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6 Discussion 
There were numerous difficulties to challenge during  this research internship. Not all 
were worth mentioning, but some were important for the course of the study.  

6.1 Anti cGH 

6.1.1 Inhibitory effects G144K on rabbitGHR 
Except for testing our hypothesis that G144K inhibits cGH action, we also started a 
search for the right PEGylation agent and even looked into the possibility to transfect 
G144K into tumour cells and eventually in vivo as a form of gene therapy. There are 
still many things we could do, but our main concern still is creating a waterproof test to 
determine the amount G144K needed for in vivo administration to reach optimal re-
sults in suppressing IGF 1 plasma levels in live and healthy dogs and before that all, 
testing effects of PEGylation on pharmacokinetics and dynamics. 

6.2 Material and Methods 

6.2.1 Cell line CMT U 335 
In our study CMT U 335 did not react to GH stimulation. According to Van Garderen 
et al (2001), the same cell line did react positively to pGH stimulation. Although they 
used a shorter incubation period, our optimized testing system should also give compa-
rable results. Hence, the time to react and GH concentration (up to 1 ug/ml) and the 
amount of STAT-5 reporter are much larger than used in the van Garderen studies. Van 
Garderen measured phosphorylated STAT5 in the cytosol using a western blot. This 
procedure is risky because phosphorylated STAT 5 is a very instable substance, so time 
becomes an important factor. If time between cell lysis and western blotting is to big, 
the phosphorylated STAT5 already becomes de phosphorylized. Using a Stat5 reporter, 
time between Stat5 activation and measurements should no longer be a crucial factor. 
 
There are no obvious reasons why it did not respond at al. We did apply a starvation- 
protocol, to rid ourselves of the effect of the FCS PAA which possibly contains large 
amounts of growth hormone like compounds. But maybe 2 hours of starvation weren't 
long enough. On the other hand, after applying GH, we only used starvation medium 
and the wells that were not incubated with GH, did also receive only starvation me-
dium DMEM+0,1%BSA. Since GH incubation was done overnight, all cells were defi-
cient of FCS PAA for at least 20 hours, before measuring STAT-5 activity. That would 
seem sufficient to get the cells back to their basal STAT-5 production if not stimulated 
in our experiment. There were no such genetic obstacles as seen in the CMT U 227 cell 
line, which contained huge amounts of SOCS 5. So up till now, there are no explana-
tions for the irresponsiveness of CMT 8 to GH stimulation. 
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It would be very interesting to completely copy the original van Garderen study, trying 
to apprehend comparable results. Maybe that could give us a clue on what went wrong 
in our protocol. 

6.2.2 Cell line CMT U 227 
Another interesting study subject would be trying to get CMT U 227 to respond to GH 
stimulation by downregulating SOCS 5 expression (Cooney, 2002; Larsen and Ropke, 
2002). This is very interesting, because it could enhance responsiveness of cells to GH 
stimulation and anti-GH effects. 
 

6.2.3 Stop&Glow 
The results of one of the last tests conducted, implicated crosstalk between SpiLuc con-
struct and the empty Renilla vector, and between the pGL2 control vector and the beta-
act-Renilla construct. Another explanation would be that the measurement-procedure 
was flawed. A dual luciferase reporter essay was used, in which first Luciferase is 
measured, and second the renilla-activity by adding Stop&Glow what should act as a 
quencher on the Luciferase-activity. Maybe quenching was not sufficient enough and 
Luciferase activity sustained during Renilla measurement. On the other hand, since 
both empty vectors do contain respectively Luciferase and Renilla, our readings could 
also be solely basal activity or a combination of one of the effects mentioned above. 

6.2.4 pGH vs. synthetic cGH  
During the coincubation trails, there was a difference in stimulation between porcine 
GH and the synthetic canine GH, using the same concentration. Adding 50 ng or 2,08 
nmol to a well containing approximately 200.000 cells, gave a rise of STAT5 activity 
in between 3-7 times basal readings. Strangely enough, adding cGH stimulation dou-
bles pGH stimulation at the same concentration.  This cannot be explained by differ-
ence in true concentration, for inhibition by adding anti cGH gives a 50% decrease in 
activity in both cases. There are some possible explanations for this dissimilarity. The 
configuration could be different between biological and synthetic GH. To prevent fold-
ing defects, eukaryote cells (HEK 293) were used to produce the cGH and anti cGH. 
Possibly but unlikely, the cells could have added sugar molecules instead of using pho-
phorylation. Another explanation could be a difference in molecular weight. There are 
2 different pGH molecules, one of 20 kDa and one of 22 kDa. Maybe the 2 to 4 kDa 
difference in molecular weight between the pGH and the cGH could explain the re-
sults. This would implicate that the higher receptor affinity between pGH versus rabbit 
GHR and cGH versus rabbit GHR is based upon molecular weight differences. 
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6.3 In Vivo experiment 

6.3.1 Pegylation 
Because protocols weren't fully optimized at the end of the 6 month period, effective-
ness and therapeutic dose in vivo of our anti canine GH agent were not calculated. For 
this reason, PEGylation had not yet been done. The smaller the PEGylation agent, the 
lesser the effects on molecular structure and receptor-affinity, thus PEG-5000 would be 
preferable. PEGylation of a molecule reduces immunogenicity, toxicity, improves half-
life time, and is therefore a very important procedure to be able to use proteins in vivo. 
 
 



 22 

7 Suggestions for further research 

7.1 PRL-GHR interactions 
In the original study proposal, specificity of anti GH would be tested on canine mam-
mary carcinoma cell lines by activating the cells with canine PRL and GH and simulta-
neously inhibited with anti-cGH G144K. Goal was to prove that PRL does not activate 
GHR in canine mammary epithelial cells, unlike in humans and rodents. Unfortunately, 
there was no time left perform any PRL-experiments. 

7.2 In vitro experiments 
Cell lines used in this experiment were of non-canine mammals. To prove PRL does 
not interfere with GHR, tests should be done on canine mammary gland tumour cell 
lines. Since CMT-U227 and CMT-U335 were non-responsive to pGH as well as canine 
GH stimulation, other cell lines should be reconsidered, like P 114. The reason why 
CMT-U227 did not respond to GH stimulation was because of over-expression of 
SOCS5. Reasons why CMT-U335 did not respond to GH stimulation remained unclear 
throughout the test, for van Garderen et al were able to measure STAT5activation after 
GH stimulation in a different set up.  

7.3 In vivo experiments 
After testing antagonistic activity on the GHR, G144K should be PEGylated to prolong 
in vivo activity by lengthening halflife time and also reduce immunogenicity of the pro-
tein. After pegylation, biological activity should again be tested in vitro. When efficacy 
is proven, G144K should be injected in 3 healthy bitches to determine effects on 
plasma IGF-I and GH concentrations. 
 
If along the way, biological effects ware off, for example after PEGylation, multiple 
point mutations in receptor binding site 1 should be considered to improve receptor 
affinity.  

7.4 Drug Delivery 
Besides testing G144K efficacy in vitro and in vivo, one must think of ways to admin-
ister the pharmaceutical to the patient. To evade liver clearance and the immune sys-
tem, local administration is the most eligible way. But how can we get it there and keep 
it there? In situ transfection, either by chemical of by adenovirus delivery is an interest-
ing method. Local production of G144K would interfere with paracrine and autocrine 
GH actions and therefore interfere with the major GH effects within the tumour.  The 
G144K synthesis should be stopped when it is no longer needed. To do so, the trans-
fected anti-GH gene should be supplied with a switch, which can be switched on or off 
at any time. Examples of these mechanisms can be found in gene therapy studies. 
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There are two different types of switches. The first will always produce its gene unless 
there is a specific substrate given, like tetracycline for example. The other switch is 
always inhibiting its gene transcription, unless there is a certain substrate, like tetracy-
cline. In case of tumour therapy, the principle of “switch off unless” is more practical 
then the first type, preventing lifelong supplementing the switch substrate in a healthy 
animal. 
 
Using viral carriers for the G144K gene, enables delivery of the gene to specific cells. 
By not injecting solely into the tumour mass, but also in the blood, the viral particles 
could hook up with any malignant cell of the primary tumour, as long as it still had the 
same docking sites as the virus was made for. Therefore micro and macro metastasis 
can be reached also. By being able to adept gene carriers to their specific host cells, a 
new kind of patient specific medicine is born. 
 
One major problem to solve is not a biological one, but a political one. Performing in 
vivo transfection in canine patients implies creating transgenetic animals. In present 
law, transgenetic animals are to be destructed after experiments are finished. Before 
implementing gene therapy into veterinary medicine a lot of hurdles are jet to be taken. 
 



 24 

Literature 
Allen, S.W.; Prasse. K.W. and Mahaffey, E.A. (1986) Cytology Differentiation of Be-
nign from Malignant Canine Mammary Tumors. Veterinary Pathology 23. pp 649-655 
 
Antuofermo, E.; Miller, M.A.; Pirio, S.; Xie, J.; Badve, S.and Mohammed, S.I. (2007) 
Spontaneous Mammary Intraepithelial Lesions in Dogs – A Model of Breast Cancer. 
Cancer Epidemiology, Biomarkers and Prevention 16, pp 2247-2256 
 
Baserga,R.; Peruzzi, F and Reiss, K. (2003) Mini Review: The IGF-1 Receptor in Can-
cer Biology. International Journal of Cancer 107, pp 873-877 
 
Bastianello, S.S. (1983) A survaey of neoplasia in domestic species over a 40-year pe-
riod from 1935 to 1974 in the Republic of south Africa. VI. Tumours occurring in the 
dog. Onderstepoort Journal of Veterinary Research 50, pp 199-220 
 
Benjamin, S.A.; Lee, A.C. and Saunders, W.J. (1999) Classification and Behaviour of 
Canine Mammary Epithelial Neoplasms Based on Life-span Observations in Beagles. 
Veterinary Pathology 36, pp 423-436 
 
Berne, R.M.; Levy, M.N.; Koeppen, B.M. and Stanton, B.A (1998) Physiology, Fourth 
Edition. Chapter 49, The Hypothalamus and Pituitary Gland, pp 872-909. Mosby Inc. 
St. Louis, United States of America. 
 
Bonnet, B.N.; Egenvall, A. Hedhammar, A. and Olson, P. (2005) Mortality in over 
350,000 insured swedish dogs from 1995-2000: I. Breed-, gender-, age-, and cause-
specific rates. Acta Veterinaris Scandinavia 46, pp105-120 
 
Bostock, D.E. (1975) The Prognosis Following the Surgical Excision of Canine Mam-
mary Neoplasms. European Journal of Cancer 11, pp 389-396 
 
Bowman, T.; Garcia, R.; Turkson, J. and Jove, R. (2000) STATs in Oncogenesis. On-
cogene 19, pp 2474-2488 
 
Brodey, R.S.; Goldschmidt, M.H. and Roszel, J.R. (1983) Canine Mammary Gland 
Neoplasms. Journal of the American Animal Hospital Association 19, pp 61-90 
 
Buettner, R.; Mora, L.B. and Jove, R. (2002) Mini Review: Activated STAT signalling 
in Human Tumors Provides Novel Molecular Targets for Therapeutic Intervention. 
Clinical Cancer Research 8, pp 945-954 
 
Caldenhoven, E.; van Dijk, T.B.; Raaijmakers, J.A.M.; Lammers, J.J.; Koenderman, L. 
and de Groot, R.P. (1999) Activation of a functionally distinct 80-kDa STAT5 isoform 



 25 

by IL-5 and GM-CSF in human eosinophils and neutrophils. Molecular Cell Biology 
Research Communications 1, pp 95-101 
 
Calò, V.; Migliavacca, M.; Bazan, V.; Macaluso, M.; Buscemi, M.; Gebbia, N. and 
Russo, A. (2003) REVIEW: STAT proteins: from Normal control of Cellular Events to 
Tumorgenesis. Journal of Cellular Physiology 197, pp 157-168 
 
Chang, S.C.; Chang, C.C.; Chang, T.J. and Wong, M.L. (2005) Prognostic factors as-
sociated with survival two years after surgery in dogs with malignant mammary tu-
mors: 79 cases (1998-2002). Journal of the American Veterinary Medical Association 
227, pp 1625-1629 
 
Clevenger, C.V.; Furth, P.A.; Hankinson, S.E. and Schuler, L.A. (2003) The role of 
prolactin in mammary carcinoma. Endocrine reviews 24, pp 1-27 
 
Cooney, R.N. (2002) REVIEW: Suppressors of cytokine signaling (SOCS): inhibitors 
of the JAK/STAT pathway. SHOCK 17, pp 83-90 
 
Dabiri, S.; Huntsman, D.; Makretsov, N.; Cheang, M.; Gilks, B.; Badjik, C.; Gelmon, 
K.; Chia, S. and Hayes, M. (2004) The presence of stromal mast cells identifies a sub-
set of invasive breast cancers with a favorable prognosis. Modern Pathology 17, pp 
690-695 
 
De Jog, J.S.; van Diest, P.J.; van der Valk, P. and Baak, J.P.A. (2001) Expression of 
growth factors, growth factor receptors and apoptosis related proteins in invasive breast 
cancer: relation to apoptotic rate. Breast cancer Research and Treatment 66, pp 201-
208 
 
De Verneuil, H.; Ged, C.; Boulechfar, S. and Meau-Gaudry, F. (1995) Porphyrias: 
Animal Models and Prospects for cellular and Gene Therapy. Journal of Bioenergetics 
and Biomembranes 27, pp 239-248 
 
Divisova, J.; Kuiatse, I; Lazard, Z.W.; Weiss, H.; Vreeland, F.; Hadsell, D.L.; Schiff, 
R.; Osborne, C.K. and Lee, A.V. (2006) The growth hormone receptor antagonist peg-
visomant blocks both mammary gland deve-lopment and MCF-7 breast cancer xeno-
graft growth. Breast Cancer Research and Treatment 98, pp 315-327 
 
Dobson, J.M.; Samuel, S.; Milstein, H.; Rogers, K. and Wood, J.L.N. (2002) Canine 
neoplasia in the UK: estimates of incidence rates from a population of insured dogs. 
Journal of Small Animal Practice 43, pp 240-246 
 
Dorn, C.R.; Taylor, D.O.N.; Schneider, R.; Hibbard, H.H. and Klauber, M.R. (1967) 
Survey of Animal Neoplasms in Alameda and Contra Costa Counties, California. I. 



 26 

Methodology and Description of Cases. Journal of the National Cancer Institute 40, pp 
295-306 
 
Dorn, C.R.; Taylor, D.O.N.; Schneider, R.; Hibbard, H.H. and Klauber, M.R. (1967) 
Survey of Animal Neoplasms in Alameda and Contra Costa Counties, California. II. 
Cancer Morbidity in Dogs and Cats from Alameda County. Journal of the National 
Cancer Institute 40, pp 307-318 
 
Dumon, S.; Santos, S.C.R.; Debierre-Grochiego, F.; Gouilleux-Gruart, V.; Cocault, L.; 
Boucheron, C.; Mollat, P.; Gisselbrecht, S. and Gouilleux, F. (1999) IL-3 dependant 
regulation of Bcl-xL gene expression by STAT5 in a bone marrow derives cell line. 
Oncogene 18, pp 4191-4199 
 
Edery, M.; Jolicoeur,C.; Levi-Meyrueis, C.; Dusanter-Fourt, I.; Pétridou, B.; Boutin, 
J.M.; Lesueur, L.; Kelly, P.A. and Djiane, J.(1989) Identification and sequence analysis 
of a second form of prolactin receptor by molecular cloning of complementary DNA 
from rabbit mammary gland. Proceedings of the National Academy of Science 86, 
pp2112-2116 
 
Egenvall, A.; Bonnet, B.N.; Öhagen, P.; Olson, P.; Hedhammer, A. and von Euler, H. 
(2005) Incidence of and survival after mammary tumors in a popuation of over 80,000 
insured female dogs in Sweden from 1995 to 2002. Preventive Veterinary Medicine 69, 
pp 109-127 
 
Elling, H. and Ungemach, F.R. (1983) Simulatneous Occurrence of Receptors for Es-
tradiol, progesterone, and Dihydrotestosterone in Canine mammary tumours. Journal of 
Cancer research and Clinical Oncology 105, pp 231-237 
 
Ellis, M.J.; Jenkins, S.; Hanfelt, J.; Redington, M.E.; Taylor, M.; Leek, R.; Siddle, K. 
and Harris, A. (1998) Insuline Like Growth Factors in Human Breast Cancer. Breast 
Cancer Research and Treatment 52, pp 175-184 
 
Esposito, P.; Barbero, L.; Caccia, P.; Caliceti, P.; Antonio, M.D.; Piquet, G. and 
Veronese, F.M. (2003) REVIEW: PEGylation of growth hormone-releasing hormone 
(GRH) analogues. Advanced Drug Delivery Reviews 55, pp 1279-1291 
 
Friend, K.E. (2001) REVIEW: Cancer and the potential place for growth hormone re-
ceptor antagonist therapy. Growth Hormone & IGF Research Supplement A, pp S121-
S123 
 
Gallego, M.I.; Binart, N.: Robinson, G.W.; Okagaki, R.; Coschigano, K.T.; Perry, J.; 
Kopchick, J.J.; Oka, T.; Kelly, P.A. and Hennighausen, L. (2001) Prolactin, Growth 
Hormone, and Epidermal growth Factor Activate Stat5 in Different Compartments of 



 27 

Mammary Tissue and Exert Different and Overlapping Developmental Effects. Devel-
opmental Biology 229, pp 163-175 
 
Gebre-Medhin, M.; Kindblom, L.; Wennbo, H.; Törnell, J. and MEis-Kindblom, J.M. 
(2001) Short Communication: Growth Hormone Receptor is Expressed in Human 
Breast Cancer. American Journal of Pathology 158, pp 1217-1222 
 
Gibertson, S.R.; Kurzman, I.D.; Zachrau, A.I.; Hurvitz, A.I. and Black, M.M. (1983) 
Canine Mammary Epithelial Neoplasms: Biological Implications of Morphological 
Characteristics Assessed in 232 Dogs. Veterinary Pathology 20, pp 127-142 
 
Goffin, V.; Bernichtein, S.; Carrière, O.; Bennett, W.F. ; Kopchick, J.J. and Kelly, P.A. 
(1999) The Human Growth Hormone Antagonist B2036 Does Not Interact with the 
Prolactin Receptor. Endocrinology 140, pp 3853-3856 
 
HAMPE and MISDORP 1973 
 
Hellmén, E.; Moller, M.; Blankenstein, M.A.; Andersson, L and Westermark, B. 
(2000) Expression of different phenotypes in cell lines from canine mammary spindle-
cell tumours and osteosarcomas indicating a pluripotent mammary stem cell origin. 
Breast Cancer research and Treatment 61, pp 197-210 
 
Hsu, W.L.; Huang, H.M.; Liao, J.W.; Wong, M.L. and Chang, S.C. (2007) Increased 
survival in digs with malignant mammary tumours overexpressing HER-2 protein and 
detection of a silent single nucleotide polymorphism in the canine HER-2 gene. The 
Veterinary Journal, doi: 10.1016/j.tvjl.2007.10.013 
 
Karayannopoulou, M.; Kaldrymidou, E.; Constantinidis, T.C. and Dessiris, A. (2001) 
Adjuvant Post-operative Chemotherapy in Bitches with Mammary Cancer. Journal of 
Veterinary Medicine 48, pp 85-96 
 
Kaulsay, K.K.; Mertani, H.C.; Törnell, J. ; Morel, G.; Lee, K. and Lobie, P.E. (1999) 
Autocrine stimulation of human mammary carcinoma cell proliferation by human 
growth hormone. Experimental Cell Research 250, pp 35-50 
 
Kelsey, J.L.; Moore, A.S. and Glickman, L.T. (1998) epidemiologic studies of risk fac-
tors for cancer in pet dogs. Epidemiologic Reviews 20, pp 204-217 
 
Khandwala, H.M.; McCutcheon, I.E.; Flyvbjerg, A. and Friend, K.E. (2000) The Ef-
fects of Insulin-Like Growth Factors on Tumorgenesis and Neoplastic Growth. Endo-
criene Reviews 21, pp 215-244 
 
Laban, C.; Bustin, S.A. and Jenkins, P.J. (2003) REVIEW The GH-IGF-1 axis and 
breast cancer. TRENDS in Endocrinology and Metabolism 14, pp 28-34 



 28 

 
Lantinga-van Leeuwen, I.S.; van Garderen, E.; Rutteman, G.R. and Mol, J.A. (2000) 
Cloning and cellular localization of the progesterone receptor: co-localisation with 
growth hormone in the mammary gland. Journal of steroid Biochemistry & Molecular 
Biology 75, 219-228 
 
Larsen, L. and Röpke, C. (2002) REVIEW: Suppressors of Cytokine Signalling: 
SOCS. APMIS 110, pp 833-844 
 
Lee, H. and Park, T.G. (2002) Preparation and characterization of mono-PEGylated 
Epidermal Growth Factor: Evaluation of in vitro biologic activity. Pharmaceutical Re-
search 19, pp 845-851 
 
Leung, K.C.; Doyle, N.; Ballesteros,M.; Sogren, K.; Watts, C.K.W.; Low, T.H.; Leong, 
G.M.; Ross, R.J.M. and Ho, K.K.Y. (2003) Estrogen inhibits GH signalling by sup-
pressing GH-induced JAK2 phosphorylation, an effect mediated by SOCS-2. PNAS 
100, pp 1016-1021 
 
Lord, J.D.; McIntosh, B.C.; Greenberg, P.D. and Nelson, B.H. (2000) The IL-2 Recep-
tor Promotes Lymphocyte Proliferation and Induction of the c-myc, bcl-2 and bcl-x 
Genes through the trans-Activation Domains of Stat5. The Journal of Immunology 164, 
pp2533-2541 
 
Martin, P.M.; Cotard, M; Mailot, J.P.; André, F. and Raynoud, J.P. (1984) Animal 
models for hormone-dependent human breast cancer. Cancer Chemotherapy and Phar-
macology 12, pp 13-17 
 
Matos, A.J.F.; Faustino, A.M.R.; Lopes, C.; Ruttemand, G.R. and Gärtner, F. (2006) 
Detection of lymph node micrometastases in malignant mammary tumours in dogs by 
cytokeratin immunostaining. Veterinary Record 158, pp 626-630 
 
Matos, A.J.F.; Lopes, C.; Carvalheira, J.; Santos, M.; Rutteman,G.R. and Gärtner, F. 
(2006) E-cadherin Expression in Canine Malignant Mammary Tumours: Relationship 
to Other Clinico-Pathological Variables. Journal of Comparative Pathology 134, pp 
182-189 
 
Millanta, F.; Calandrella, M.; Bari, G.; Niccolini, M.; Vannozzi, I. and Poli, A. (2005) 
Comparison of steroid receptor expression in normal, dysplastic, and neoplastic canine 
and feline mammary tissue. Research in Veterinary Science 79, pp 225-232 
 
Millanta, F.; Calendrella, M; Citi, S; Della Santa, D. and Poli, A. (2005) Overexpres-
sion of HER-2 in feline Invasive Mammary carcinoma's: an Immunohistochemical 
Survey and Evaluation of its Prognostic Potential. Veterinary Pathology 42, pp 30-34 
 



 29 

Millanta, F.; Calandrella, M.; Vannozzi, I. and Poli, A. (2006) Steroid hormone recep-
tors in normal, dysplastic and neoplastic feline mammary tissues and their prognostic 
significance. The Veterinary Record 158, pp 821-824 
 
Millanta, F; Citi, S; Della Snata, D; Porciani, M and Poli, A (2006) COX-2 expression 
in canine and feline invasive mammary carcinomas: correlation with clinicopathologi-
cal features and prognostic molecular markers. Breast Cancer Research and Treatment 
98, pp 115-120 
 
Misdorp, W. (1964) THESIS: Malignant mammary tumours in the dog and the cat 
compared with the same in the woman. Utrecht University. 
 
Miyoshi, K.; Shillingford, J.M.; Smith, G.H.; Grimm, S.L.; Wagner, K.; Oka, T.; 
Rosen, J.M; Robinson, G.W. and Hennighausen, L. (2001) Signal transducer and acti-
vator of transcription (Stat) 5 controls the proliferation and differentiation of mammary 
alveolar epithelium . The Journal of Cell Biology 155, pp 531-542 
 
Mol, J.A.; van Garderen, E.; Selman, P.J.; Wolfswinkel, J.; Rijnberk, A. and Rutteman, 
G.R. (1995) Growth hormone mRNA in mammary gland tumors of dogs and cats. 
Journal of Clinical Investigation 95, pp 2028-2034 
 
Mol, van Garderen, Rutteman and Rijnberk. (1996) New insights in the molecular 
mechanism of progesteron-induced Proliferation of mammary epithelium: induction of 
the local biosynthesis of growth hormone in the mammary gland of dogs, cats and hu-
mans. Journal of Steroid Biochemistry and Molecular Biology 57, pp 67-71 
 
Moulton, J.E.; Rosenblatt, L.S. and Goldman, M. (1986) Mammary Tumors in a Col-
ony of Beagle Dogs. Veterinary Pathology 23, pp 741-749 
 
Muller, A.F.; Janssen, J.A.M.J.L.; de Herder, W.W. en van der Lely, A.J. (2001) 
Groeihormoonreceptorantagonisten: potentiële indicaties. Nederlands Tijdschrift voor 
Geneeskunde 145, pp 69-73 
 
Murthy, B.L.; Thomson, C.S.; Dodwell, D.; Shenoy, H.; Mikeljevic, J.S.; Forman, D. 
and Horgan, K. (2007) Postoperative wound complications and systemic recurrence in 
breast cancer. British Journal of Cancer 97, pp 1211-1217 
 
Natha, R. and  Esteva, F.J. (2006) Herceptin: mechanisms of action and resistance. 
Cancer Letters 323, pp 123-138 
 
Oestreicher, N.; White, E.; Malone, K.E. and Porter, P.L. (2004) Hormonal factors and 
breast tumor proliferation: Do factors that affect cancer risk also affect tumor growth. 
Breast Cancer Research and Treatment 85, pp133-142 
 



 30 

Oosterlaken-Dijksterhuis, M.A.; Kwant, M.M.; Hellmén, E. and Mol, J.A. (1999) IGF-
I and retinoic acid regulate the distribution pattern of IGFBPs synthetized by the canine 
mammary tumor cell line CMT-U335. Breast cancer Research and Treatment 54, pp 
11-23 
 
Payne, S.J.L.; Bowen, R.L.; Jones, J.L. and Wells, C.A. (2008) REVIEW: Predictive 
markers in breast cancer - the present. Histopathology 52, pp 82-90 
 
Peña, L.; Perez-Alenza, M.D.; Rodriguez-Bertos, A. and Nieto, A. (2003) Canine in-
flammatory mammary carcinoma: histopathology, immunohistochemistry and clinical 
implications of 21 cases. Breast Cancer Research and Treatment 78, pp 141-148 
 
Perry, J.K.; Emerald, B.S.; Mertani, H.C. and Lobie, P.E. (2006) REVIEW: the onco-
genic potential of GH. Growth Hormone and IGF Research 16, pp 277-289 Philibert, 
J.C.; Snyder, P.W.; Glickman, N.; Glickman, L.T.; Knapp, D.W. and Waters, D.J. 
(2003) Influence of host factors on survival in dogs with malignant mammary gland 
tumors. Journal of Veterinary Internal Medicine 17, pp 102-106 
 
Philibert, J.C.; Snyder, P.W.; Glickman, N.; Glickman, L.T.; Knapp, D.W. and Waters, 
D.J. (2003) Influence of Host Factors on Survival in Dogs with Malignant Mammary 
Gland Tumors. Journal of Veterinary Internal Medicine 17, pp 102-106 
 
Pinho, S.S.; Matos, A.J.F.; Lopes,C.; Marcos, N.T.; Carvalheira, J.; Reis, C.A. and 
Gärtner, F. (2007) Sialyl Lewis x expression in canine malignant mammary tumours: 
correlation with clinicopathological features and E-Cadherin expression. BMC Cancer 
7:124 doi: 10.1186/1471-2407-7-124 
 
PRIEST AND MANTEL 1971 
 
Queiroga, FL.; Pérez-Alenza, M.D.; Silvan, G.; Peña, L. ; Lopez, C. and Illera, J.C. 
(2005) Role of steroid hormones and prolactin in canine mammary cancer. Journal of 
Steroid Biochemistry and Molecular Biology 94, pp 181-187 
 
Queiroga, F.L.; Pérez-Alenza, M.D.; Silvan, G.; Peña, L.; Lopes, C.S. and Illera, J.C. 
(2008) Crosstalk between GH/IGF-1 axis and steroid hormones (progesterone, 17(-
estradiol) in canine mammary tumours. Journal of Steroid Biochemistry and Molecular 
Biology 110, pp 76-82 
 
Radolph, J.F.; Scarlett, J.M.; Stokol, T.; Saunders, K.M. and Macleod, J.N. (2004) Ex-
pression, bioactivity, and clinical assessment of recombinant feline erythropoietin. 
American Journal of Veterinary Research 65, pp 1355-1366 
 
Rosa, F.E.; Caldeira, J.F.R.; Felipes, J.; Bertona, F.B.; Quevedo, F.C.; Domingues, 
M.A.C.; Neto, F.A. and Rogatto, S.R. (2008) Evaluation of estrogen receptor and and 



 31 

progesterone receptor expression and correlation with clinicopathologic factors and 
proliferative marker Ki-67 in breast cancers. Human Pathology - article in press 
 
Ross, J.S. and Fletcher, J.A. (1998) The HER2/neu Oncogene in Breast Cancer: Prog-
nostic Factor, Predictive Factor, and Target for Therapy. Stem Cells 16, pp 413-428 
 
Ross, R.J.M.; Leung, K.C.; Maamra, M.; Bennett, W.; Doyle, N.; Waters, M.J. and Ho, 
K.K.Y. (2001) Binding and Functional Studies with the Growth Hormone Receptor 
Anatagonist, B2036-PEG (pegvisomant), Reveal Effects of PEGylation and Evidence 
That it Binds to a Receptor Dimer. The Journal of Clinical Endocrinology & Metabo-
lism 86, pp 1716-1723 
 
Rutteman, G.R.; Willekes-Koolschijn, N.; Bevers, M.M.; Van der Gugten, A.A. and 
Misdorp, W. (1986) Prolactin binding in bening and malignant mammary tissue of fe-
male dogs. Anticancer Research 6, pp 829-835 
 
Scanes, C.G.; Jeftinija, S.; Glavaski-Joksimovic, A.; Proudman, J.; Arámburo, C. and 
Anderson, L.L. (2005) The anterior pituitary gland: Lessons from Livestock. Domestic 
Animal Endocrinology 29, pp 23-33 
 
Schneier, R.; Dorn, C.R. and Taylor, D.O.N. (1969) Factors Influencing Canine Mam-
mary Cancer Development and Postsurgical Survival. Journal of the National Cancer 
Institute 43:2, pp 1249-1261 
 
Schoenrock, D (2006) THESIS: Mammatumoren des Hundes: Untersuchung zum 
postoperativen Krankheitsverlauf und zur Effektivität adjuvanter Chemotherapie mit 
Doxorubicin und Docetaxel. Tierärztliche Hochschule Hannover. 
 
Selman, P.J.; Mol, J.A.; Rutteman, G.R.; Van Garderen, E. and Rijnberk, A. (1994) 
Progestin-induced growth hormone excess in the dog originates in the mammary gland. 
Endocrinology 134, pp 287-292 
 
Shan, L.; Yu, M.; Clark, B.D. and Snyderwine, E.G. (2004) Possible role of Stat5a in 
rat mammary gland carcinogenesis. Breast Cancer Research and Treatment 88, pp 263-
272 
 
Shofer, F.S.; Sonnenschein, E.G.; Goldschmidt, M.H.; Latser, L.L. and Glickman, L.T. 
(1989) Histopathologic and dietary prognostic factors for canine mammary carcinoma. 
Breast cancer Research and Treatment 13, pp 49-60 
 
Silva, M.; BEinto, A.; Sanz, C.; Prosper, F.; Ekhterae, D.; Nuñez, G. and Fernandez-
Luna, J.L. (1999) Erythropoietin can induce the Expression of Bcl-xL through Stat5 in 
Erythropoietin-dependant Progenitor Cell Lines. The Journal of Biological Chemistry 
32, pp 22165-22169 



 32 

 
Simon, D.; Schoenrock, D.; Baumgärtner, W and Nolte, I. (2006) Postoperative Adju-
vant treatment of Invasive malignant mammary Gland Tumors in Dogs with Doxorubi-
cin and Docetaxel. Journal of Veterinary Internal Medicine 20, pp 1184-1190 
 
Smith, I.; Procter, M.; Gelber, R.D.; Guillaume, S.; Feyereislova, A.; Dowsett, M.;  
Goldhirsch, A.; Untch M.; Mariani, G.; Baselga, J.; Kaufmann, M.; Cameron, D.; Bell, 
R.;  Bergh, J.; Coleman, R.; Wardley, A.; Harbeck, N.; Lopez, R.I.; Mallmann, P.; 
Gelmon, K.;  Wilcken, N.; Wist, E.; Rovira, P.S. and Piccart-Gebhart M.J. (2007) 2-
year follow-up of trastuzumab after adjuvant chemotherapy in HER2-positive breast 
cancer: a randomised 
controlled trial. The Lancet 369, pp 29-36 
 
 
Sorenmo, K (2003) Canine mammary gland Tumors. Veterinary Clinics of North 
America: Small Animal Practice 33, pp 573-596 
 
Sorenmo, K.; Shofer, F.S. and Goldschmidt, M.H. (2000) Effect of Spaying on Sur-
vival of Dogs with Mammary Carcinoma. Journal of Veterinary Internal Medicine 14, 
pp 266-270 
 
Stratmann, N.; Failing, K.; Richter, A. and Wehrend, A. (2008) Mammary Tumor Re-
currence in Bitches After Regional Mastectomy. Veterinary Surgery 37, pp 82-86 
 
Thordarson, G.; Semaan, S.; Low, C.; Ochoa, D.; Leong, H.; Rajkumar, L.; Guzman, 
R.C.; Nandi, S. and Talamantes, F. (2004) Mammary tumorgenesis in growth hormone 
deficient spontaneous dwarf rats; effects of hormonal treatments. Breast Cancer Re-
search and Treatment 87, pp 277-290 
 
Todorova, I. (2006) Prevalence and etiology of the most common malignant tumours in 
dogs and cats. Bulgarian Journal of Veterinary Medicine 9, pp 85-98 
 
Van den Eijnden and Strous. (2007) Autocrine Growth Hormone: effects on growth 
hormone receptor trafficking and signalling 
 
Van Garderen, E.; de Wit, M.; Voorhout, W.F.; Rutteman, G.R.; Mol, J.A.; Neder-
bragt, H. and Misdorp, W.  Expression of Growth Hormone in Canine Mammary Tis-
sue and Mammary Tumors – Evidence for A Potential Autocrine/Paracrine Stimulatory 
Loop. American Journal of Pathology 150, pp 1037-1047 
 
Van Garderen, E., van der Poel, Swennenhuis, Wisselink, Rutteman, Hellmén, Mol and 
Schalken (1999) Expression and molecular characterization of the growth hormone 
receptor in canine mammary tissue and mammary tumors. Endocrinology 140, pp 
5907-5914 



 33 

 
Van Garderen, E.; Swennenhuis, J.F.; Hellmen, E. and Schalker, J.A.. (2001) Growth 
hormone induces tyrosyl phosphorylation of the transcription factors STAT5A and 
STAT5B in CMT-U335 canine mammary tumor cells. Domestic Animal Endocrinol-
ogy 20, pp 123-135 
 
Van Garderen, E. and Schalken, J.A. (2002) REVIEW: Morphogenic and tumorgenic 
potentials of the mammary growth hormone/growth hormone receptor system. Molecu-
lar and Cellular Endocrinology 197, pp 153-165 
 
Walker, M.C.; Mandell, T.C.; Crawford, P.C.; Simon, G.G.; Cahill, M.S.; Fernandes, 
P.J.; Macleod, J.N.; Byrne, B.J. and Levy, J.K. (2005) Expression of erythropoietin in 
cats treated with a recombinant adeno-associated viral vector. American Journal of 
Veterinary Research 66, pp 450-456 
 
Waters, M.J. and Conway-Campbell, B.L. (2004) The oncogenic potential of autocrine 
human GH in breastcancer. Proceedings of the National Academy of Sciences of the 
United States of America 101, pp 14992-14993 
 
Wennbo, H.; Gebre-Medhin, M.; Gritli-Linde, A; Ohlsson, C.; ISaksson, O.G. and 
Tornell, J. (1997) Activation of the prolactin receptor but not the growth hormone re-
ceptor is important for induction of mammary tumors in transgenic mice. Journal of 
Clinical Investigation 100, pp 2744-2751 
 
Wennbo, H. and Törnell, J. (2000) The role of prolactin and growth hormone in breast 
cancer. Oncogene 19, pp1072-1076 
 
Withrow, S.J. and Vail, D.M. (2007) Withrow & MacEwen's Small Animal Clinical 
Oncology Fourth Edition. Chapter 26: Tumors of the Mammary Gland. Saunders El-
sevier, St. Louis United States of America, pp 619-636 
 
Yakar, S.; Liu, J.; Stannard, B.; Butler, A.; Accili, D.; Sauer, B. and LeRoith, D. (1999) 
Normal growth and development in the absence of hepatic insulin-like growth factor I. 
Proceedings of the National Academy of Sciences of the USA 96, pp 7324-7329 
 
Yakar, S.; LeRoith, D. and Brodt, P. (2005) Survey: The role of the growth hor-
mone/insulin-like growth factor axis in tumor growth and progression: lessons from 
animal models. Cytokine and Growth Factor Reviews 16, pp 407-420 
 
Zacchetti, A.; van Garderen, E. and Rutteman, G.R. (2007) Immunohistochemical 
evaluation of p53 expression with different antibodies in malignant canine tumours 
with or without p53 gene mutation. Veterinary and Comparative Oncology 5, pp 108-
118  
 



 34 

Appendix I: Lab journal 


