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1 Background and significance  
 
Over one million cases of female breast cancer are diagnosed each year in 

humans. It is the most commonly occurring neoplasm in women and accounts for 

over one fifth of the estimated annual 4.7 million cancer diagnoses in females 

(Ferlay et al.  2001) (IARC cancer base). Development of treatment strategies 

and diagnostic criteria were until recently mostly empirical without specific 

mechanistic understanding (Bange et al.  2001). For example, it is impossible to 

determine with current methods the malignant potential of lesions which have so 

far not metastasised. This leads to over treatment of patients with the possibility 

of unnecessary toxicity for the patients and costs for the community. Identification 

of new therapeutic agents has been mostly an empirical process, often using 

animal tumour models which might not truly reflect complex human cancer 

syndromes (Bange et al.  2001). The present study was initiated to determine the 

validity of some of the animal models. Rats are frequently used as a model for 

breast cancer in humans. Mammary tumours in the rat can be induced by 

chemicals, radiation or injection of tumour cells. In certain rat strains, e.g. 

Sprague-Dawley, a high frequency of spontaneous tumours occurs. Injected cells 

which form tumours in the mammary fat pad and metastasise are used in the 

investigation of tumour spread and invasion.  

The rat models can be useful in the determination of efficiency of new treatments 

(e.g. Cetrorelix, Letrozole in the DMBA model; Schieweck et al. 1993). The 

underlying similarity to human tumours is their hormone responsiveness, while 

little is known about other similarities of the disease in humans and rats including 

molecular mechanisms.  

 

Another aspect of this study is the use of rats in testing of new chemicals not only 

for efficiency but for toxicity as well. In carcinogenicity studies an untreated 

control group is compared to treated groups for tumour development. Until now, 

the significance of an increased or decreased incidence of tumours in the treated 
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group can only be determined by taking the amount of tumours arising in the 

controls as a baseline. This, however is not always a precise measure because it 

is possible that the incidence in different groups varies by chance. Historical 

incidence data are used to control this type of error. It would be of great benefit, 

though, if a new technology complementing the classical histological H&E stain, 

could be developed to distinguish spontaneous from induced tumours. Gene 

expression profiling might be such a technology as it opens the possibility to 

examine the expression of thousands of genes at once and to possibly detect 

differently expressed groups of genes (i.e. mRNAs). Another issue in 

carcinogenicity studies is the grouping and classification of benign breast disease 

(fibroadenoma). The status of these neoplasms is presently that of a 

precancerous lesion in man and a benign tumour in rats. It is debatable whether 

this lesion is a precursor lesion for carcinoma in rodents. By investigating the 

gene expression one might be able to find differences in the genes responsible 

for both fibroadenoma and adenocarcinoma and whether tumour progression 

might be a feature of fibroadenoma. 
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2 Literature review 
 

2.1 Human breast cancer  
 

2.1.1 Incidences and risk factors 
 
Breast cancer is the most common malignancy in women with 1 million new 

cases diagnosed world-wide each year (McPherson et al.  2000). Incidences in 

the Western world are about fivefold higher than in Eastern Asia (Baselga et al.  

2002). The occurrence of breast cancer has been rising while mortality is stable 

or sinking in some European countries, Canada and the US. Rising incidences 

are the outcome of several influences like changing profile of risk factors (e.g. 

decreasing fertility, increasing weight, use of oral contraceptives and hormone 

replacement therapy), earlier diagnosis due to screening or better health 

awareness. Sinking trends in mortality may reflect improved outcome after 

diagnosis because of earlier stage of presentation of breast cancers and/or their 

more effective treatment (Botha et al.  2003).  

Risk factors include geographical variation, age, increased hormone exposure 

with early first menarche, late first pregnancy and menopause, postmenopausal 

obesity, use of oral contraceptives and hormone replacement therapy, alcohol 

consumption, genetic background and environmental factors like radiation or diet 

(McPherson et al.  2000). Studies of migrants from Japan to Hawaii show that the 

rates of breast cancer in migrants reach the incidence levels of the host country 

within one or two generations thus indicating that environmental factors are of 

more importance in the genesis of breast cancer than genetic factors. Breast 

cancer incidences rise with age, doubling about every 10 years until the 

menopause, when the rate of increase slows (McPherson et al.  2000). 

The role for oestrogen as a risk factor for breast cancer in humans is well 

established while a role for prolactin and growth hormone is less clear. Ovarian 

hormone production is a major risk factor for the development of breast cancer as 
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shown by the fact that the rate of increased risk with age declines after 

menopause. In addition, delay of menarche by 1 year is associated with a 5% 

reduction in risk for developing breast cancer in later life; each year of delay of 

the menopause is associated with an increasing risk of 3%. The increased risk of 

obese postmenopausal women is also linked to higher circulating oestrogen 

levels produced in adipose tissue. Another factor contributing to higher oestrogen 

levels in obese postmenopausal women is a lower circulating level of sex-

hormone binding protein (SHBG) and thus higher concentrations of free 

oestrogen (McPherson et al. 2000). The tumour promoting effect of oestrogen is 

mainly related to its proliferative effect on cells. Additionally, there is some 

evidence that oestrogens can act as mutagens as well (Yager, 2000; Jefcoate, 

2000). Oral contraceptives and hormone replacement therapy have each been 

associated with temporary increase of risk showing no effect 5 (HRT) or 10 years 

(contraceptives) after cessation of use (Travis et al.  2003).  

The association of prolactin with breast cancer is based on the facts that 

nulliparity and oral contraceptive use are linked to higher prolactin levels and that 

prolactin levels after pregnancy seem to be permanently lower than before. 

Inhibition of pituitary secretion is not able to prevent mammary tumours in 

humans as is the case in rodents. This may be due to local prolactin production 

in human tumours (Clevenger et al. 2003). Epidemiological studies have failed to 

find a distinct link between prolactin and breast cancer. A distinction between e.g. 

oestrogen and prolactin influences could often not been made although 98% of 

human breast cancers synthesise prolactin (Clevenger et al. 2003). Downstream 

effector pathways of prolactin are linked to cell proliferation, survival, motility and 

angiogenesis. These pathways overlap with those of other known factors in 

breast cancer development, e.g. the ras-raf-mapk or PI3K pathways (Clevenger 

et al.  2003).  

The role of growth hormone and its downstream effector IGF-1 in breast cancer 

development and in the development of resistance to antioestrogen and anti- 

ErbB2-therapy has been increasingly recognised (Laban et al.  2003). IGF-1 is a 

proliferative and survival factor for breast epithelial cells and regulates the 
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expression of numerous genes implicated in breast cancer, such as the genes for 

c-myc, CDKs, VEGF, progesterone receptor, ADA and cathepsin D (Mauro et al.  

2001, Glondu et al.  2002, Xie et al.  2001). Furthermore, interactions of 

oestrogen and growth factor pathways as well as interactions between IGF and 

ErbB2 pathways were observed (Nicholson et al.  2000, Lu et al.  2001, Balana et 

al.  2001).   

 

Several hypotheses for the protective effect of pregnancy against breast cancer 

exist. Russo et al. (1978) proposed a theory that pregnancy hormones could lead 

to a differentiation of the mammary gland which is then less mitotically active and 

shows a smaller concentration of undifferentiated terminal end bud cells which 

are the target for carcinogens. It was shown though, that perphenazine which 

induces development and differentiation of the gland to a near lactating state 

could not confer protection (Guzman et al.  1999). Another theory states that 

resistance is caused by a permanently altered hormonal milieu after pregnancy 

with lower levels of prolactin, growth hormone and decreased levels of ER and 

EGF-R (Welsch et al.  1977). A third hypothesis suggested by Sivaraman et al. 

(2001) makes a molecular switch in stem cells concerning proliferation and cell 

damage functions responsible for protection.   

It was shown that a certain differentiated cell population remains in the gland 

even after involution (Wagner et al.  2002). Another experiment using gene 

expression studies also revealed a different composition and altered gene 

expression (changes in growth regulatory pathways) of the mammary gland after 

pregnancy (D’Cruz et al.  2002). The results of these studies prompted Ginger et 

al. (2003) to hypothesise that epigenetic alterations in a subset of mammary 

epithelial cells take place after pregnancy, which account for a lastingly altered 

gene expression and result in different susceptibility to carcinogenesis. 

Heritable factors account only for a quarter (27%) of cases of breast cancer 

(Lichtenstein et al.  2000). 15-20% of familial risk is attributable to mutations in 

BRCA1 and 2 (Ponder, 2001). In addition, P53, PTEN, ATM, STK11 are also 

known to be involved in familial cases (Nathanson et al.  2001). 
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The risk of developing breast cancer after benign breast disease in humans 

especially fibroadenoma is currently under debate. Some reports state an 

increase of 1.7 compared to women without benign tumours, others claim that 

certain forms of fibroadenoma confer greater risk (Dupont et al. 1994). The 

nature of these lesions is not well defined as some regard fibroadenomas as 

hyperplasias and others as tumours of the intralobar stroma based on clonality 

studies. Fibroadenomas can progress to ductal carcinoma in situ and to 

phyllodes tumour on the other hand (Kuijper et al. 2002). Risk factors for 

development of fibroadenomas include immunosuppressive therapy after renal 

transplantation with Cyclosporin A (Sangthawan et al. 2002). Fibroadenomas can 

occur at any age but more frequently in younger women, where they can present 

as multiple masses in one or both breasts. The tumours are hormone responsive 

and can vary in growth according to ovarian cycle. In older women the stroma 

can be hyalinised and the epithelium atrophic (Lester 2004). The view that 

fibroadenomas are hyperplasias based on polyclonality of both stroma and 

epithelium can be debated as most breast cancers are polyclonal as well. This is 

due to the fact that TDLUs are derived from different stem cells so that a lesion 

arising in neighbouring TDLUs can appear multiclonal (Going et al. 2001). In a 

gene expression study by Perou et al (2000) the only measured fibroadenoma 

clustered with the normal breast tissue. In rats no data are available regarding 

clonality of fibroadenomas. 

 

2.1.2 Classification and staging  
 
2.1.2.1 Conventional staging: TNM (tumour (T), lymph node (N) and metastatic 
   behaviour (M)), NPI (Nottingham Prognostic Index) 
 

Staging of breast cancer is based on the TNM system developed by the Breast 

Task Force of the American Joint Committee on Cancer. The extend of the 

disease is documented based on tumour (T), lymph node (N) and metastatic (M) 
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properties and treatment is chosen accordingly. This staging system involves the 

use of immunohistochemistry and PCR to detect micrometastases.  

The tumour type (DCIS, LCIS, Paget), microinvasion, size, oedema, extension to 

chest wall and inflammation are recorded. Lymph nodes are clinically (movability) 

and pathologically (presence of metastases ascertained by IH, PCR or H&E) 

evaluated. Finally, distant metastases are recorded. Histologic grade [Nottingham 

combined histologic grade (Elston et al.  1991)] is currently not incorporated in 

this staging system as quality of reproducibility was not considered sufficient by 

the Breast Cancer Task Force (Singletary et al.  2002). Elston et al. (1999) 

emphasise that histopathology can give valuable prognostic information, they 

propose the use of the Nottingham Prognostic Index (NPI) derived from a 

combination of tumour size, lymph node stage and histological grade indicating 

differentiation. 

Prognostic factors in breast cancer were classified into three categories reflecting 

their prognostic power by the College of American Pathologists. Factors in 

category I are proven to be of prognostic importance and useful in clinical 

management. They comprise TNM staging information, histological grade and 

type, mitotic counts and hormone receptor status. Factors in category II have 

been extensively studied but their importance has to be validated by statistical 

studies. Her2-Neu, proliferation markers, lymphatic and vascular channel 

invasion and p53 belong to this category. Factors in category III not sufficiently 

studied to demonstrate prognostic value include ploidity analysis, microvessel 

density, epidermal growth factor receptor, transforming growth factor-alpha, bcl-

2, pS2 and cathepsin D (Fitzgibbons et al.  2000). 

 

2.1.2.2 Gene expression  
 

Breast cancer is a heterogeneous disease regarding histology, genetic 

abnormalities, treatment sensitivity and prognosis. Current diagnostic criteria are 

not satisfactorily correlated to disease outcome so that some women are thought 

to be either over- or under treated.  
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Perou et al. (2000) examined breast carcinomas, normal breast and 

fibroadenoma with a clustering approach. They found distinct expression profiles 

for luminal type carcinomas, basal type carcinomas and a group of tumours over-

expressing Her2/Neu. The luminal type expressed oestrogen receptor while the 

basal type was negative. Luminal and basal types expressed a number of genes 

not found in the other subtype. In addition, expression signatures from other cells 

could be determined. A cluster of genes related to stroma, adipose tissue and 

infiltrating immune cells was identified. This classification was refined by others 

(Sorlie et al. 2001), who examined a larger set of tumours and could divide the 

luminal type into three subtypes (A, B and C). They also found that BRCA1 

mutation carriers are predisposed to basal like cancers. The correlation to 

disease outcome was basically the same as in the previous study of Perou et al. 

(2002). Best for luminal A (which has high expression of ER), and worst for basal 

and Her2/Neu. In this study, an intermediate outcome was ascribed to the luminal 

B type. Luminal C showed the worst survival in the luminal cluster, in addition to 

the expression of ER some genes characteristic for the ER negative tumours in 

the basal and ErbB2 tumours were expressed in this group. The luminal type, 

which was at first characterised as ER positive, showed two subtypes with low to 

moderate ER expression. Normal breast showed an expression of basal - like 

genes and genes related to adipose tissue. Similar results were found by Sotiriou 

et al. (2003) with the addition of a second basal-like cluster. 

A classifier was built by van de Vijver et al. (2002), which was significantly 

correlated with disease outcome comprising 70 genes, which surprisingly did not 

contain many of the genes previously used to determine disease outcome 

including cyclin D1, ERalpha, Her2, myc, UPA, PAI-1. Based on this classifier, a 

trial of microarray based diagnostics is in progress (MINDACT trial funded by the 

European Organisation for Research and Treatment of Cancer; Cardoso, 2003).  

Eden et al. (2004) showed that up to now gene expression analysis does not 

perform better than current prognostic factors like the NPI. 
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2.1.3 Treatment 
 

Primary therapy of localised breast cancer is either breast-conserving surgery 

and radiation therapy or mastectomy. Adjuvant therapies include chemotherapy 

and hormonal therapy (Hortobagyi 2003; Hortobagyi 2000). Treatment strategies 

are reviewed and recommended in the “Meeting highlights of the international 

consensus panel on the treatment of primary breast cancer” (Goldhirsch et al.  

2001 and 2003).  

Except surgery and radiation, treatment options can be classified into the 

following groups: hormonal, chemotherapeutics and immunotherapy. Hormonal 

therapy takes the form of antioestrogen therapy with Tamoxifen, Raloxifen 

(selective oestrogen receptor modulators), Letrozole (Goss et al.  2003), 

Anastrozole (aromatase inhibitors) or Fulvestrant (pure antioestrogen) or the 

application of GnRH agonists (Goserelin) which are used for treatment of 

premenopausal women and result in down regulation of oestrogen (Emons et al.  

2003).  

Chemotherapy includes the combined use of several cytotoxic compounds as 

cyclophosphamide, anthracycline (e.g. doxorubicin), fluorouracil and taxanes 

(Goldhirsch et al. 2003). The anthracyclines and the taxanes are considered the 

most active compounds against advanced breast cancer. As third and fourth line 

treatment capecitabine (oral fluoropyrimidine), vinorelbine (vinca alkaloid), 

gemcitabine (nucleotide analogue, inhibits DNA synthesis) are in use.  

Novel strategies include development of antifolates, topoisomerase I inhibitors, 

farnesyl transferase inhibitors, EGFR inhibitors, antibodies against Her – 2/neu, 

Metalloproteinase inhibitors, angiogenesis inhibitors and multidrug resistance 

inhibitors (Esteva et al.  2001). 
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2.2 Mammary tumours in the rat 
 

2.2.2 Experimental in vivo models for mammary carcinogenesis in 
the rat 
 

Model species traditionally used in breast cancer research are mice and rats. 

Rodent models of breast cancer allow to study risk factors in a controlled 

environment alone or in combination (Balmain et al.  1998). They can be used for 

prevention studies by testing dietary influences (e.g.: calorie restriction, nutrients 

like selenium, retinoids, isoflavones which are thought to have 

chemopreventional properties, hormones) or behavioural factors (exercise) on 

tumour development. Impact factors can be much better controlled in the 

laboratory rat than in humans (Kavanaugh et al.  2003; Thompson 1997; 

Kritchevsky 1997; Medina et al.  2001). New drugs can be tested for efficiency, 

e.g. the aromatase inhibitor Letrozole was tested in the rat DMBA-model 

(Bhatnagar et al. 1990) and in aromatase transgenic mice (Tekmal et al. 1999). 

Disadvantages are biological  and (e.g. sites of hormone production prolactin: 

mainly pituitary in the rodent and in breast cancer cells themselves in humans) 

genetic differences, dissimilarities in the spectrum of disease, and irrelevance of 

certain induction modes (some chemicals, virus) in humans (Ip, 1996; Medina 

2000). 

Comparing human and rat histotypes the following are not observed in the rat: 

Pagets disease of the nipple, medullary and lobular carcinoma (Russo et al.  

2000). Human carcinomas tend to have a ductal pattern, infiltrative growth and 

metastatic behaviour, while rats show a papillary or cribriform growth pattern, are 

non- or microinvasive and have a low incidence of metastases (Costa et al.  

2002).  

 

Human breast cancer is heterogeneous at the morphological, genetic, and 

molecular level. Therefore, it is unreasonable to expect any given animal model 
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to faithfully mimic the spectrum of human breast cancers. At best, animal models 

mimic major subsets and major morphological pathways (Medina et al.  2000).  

Especially the modelling of metastases seems to be difficult as different 

metastatic sites are observed in humans and rodents (Rosol et al.  2003). The 

capability of a chemically induced tumour to metastasise can be reached by 

serial transplantation. Even then the sites of metastasis (lung and lymph nodes in 

most cases) are not an exact picture of the human situation (Eccles et al. 1999). 

Lung and lymph node metastases do occur in the human, but there are other 

sites a human tumour can metastasise to like bone, liver and brain. 

 

2.2.3 Classification  
 

Several schemes for tumour classification exist. One commonly used in 

toxicologic pathology is the RITA classification (IARC publications 133). 

Lesions are classified as follows: 

Adenocarcinoma, Adenocarcinoma arising in fibroadenoma, Fibroadenoma, 

Hyperplasia, Tumour, mixed, benign, Tumour, mixed, malignant. 

For each tumour type, classifiers exist to specify histologic subgroups. 

 

Other classification schemes exist, e.g. that of Costa et al. (2002) who applied 

the Scarff-Bloom-Richardson scheme to the analysis of DMBA- induced 

adenocarcinomas. Another classification was proposed by Russo et al. (2000), 

who classified tumours according to tissue origin and biological properties (Russo 

et al. 2000).  
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2.2.4 Spontaneous tumours and induced tumour models  
 

2.2.4.1 Spontaneous mammary tumours of the rat 
 

Certain rat strains display a high incidence of mammary tumours, e.g. the 

Sprague-Dawley (outbred) rat. Prevalence numbers vary between 19% and 31% 

for fibroadenomas and 8,8% to 16,8% for adenocarcinomas (Chandra et al. 

1992; McMartin et al. 1992).  

 
2.2.4.2 Chemically induced mammary tumours 
 

These models have been very important models for hormone sensitive breast 

cancer. 

 

2.2.4.2.1  7,12 Dimethylbenz(a)anthracene (DMBA) 
The development of chemically induced rat models of breast cancer was 

pioneered by C.B.Huggins et al. (1961) and Gullino et al. (1975), who used 7,12 

dimethylbezanthracene and N-methyl-nitrosamine respectively. The models were 

reproducible and compared to former methods relatively easy to use. The 

resulting tumours are generally hormone sensitive adenocarcinomas. These 

models reflect the dependence on ovarian and pituitary hormones for 

development of about half of the human cases.  

The chemicals mainly used today to induce mammary tumours are 7, 12 

dimethylbenzanthracene, N- methylnitrosurea and 2-amino-1-methyl-6-

phenylimidazo[4,5-b]pyridine (PhIP). The naturally occurring food derived PhIP is 

thought to have more relevance as a cause for breast cancer in women than 

DMBA or MNU (Ip, 1996). 

 
7,12 dimethylbezanthracene is a polycyclic aromatic hydrocarbon which can 

induce hormone sensitive mammary adenocarcinomas in a frequency up to 
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100%, when applied by gastric gavage to virgin rats. The susceptibility is greatest 

at an age between 30 and 55 days, when terminal end buds are proliferating 

most actively (Russo et al. 1978). Histologic types of mammary tumours 

encountered after DMBA treatment are papillary or cribriform adenocarcinomas. 

A series of experiments in the laboratory of Kerdelhue et al (1981) investigated 

hormonal alterations after DMBA administration. It was shown that cycles were 

associated with blunted preovulatory surges of LH and FSH and increased 

surges of 17beta-estradiol (el-Abed et al. 1987). GnRH Rc content in the anterior 

pituitary was lower in DMBA treated rats versus controls, especially on 

prooestrus which was supposed to be a possible mechanism of the formerly 

observed lower LH peak (Jakubowski et al. 2002). Jahn et al. (1991) reported an 

up-regulation of prolactin receptor and insulin-like growth factor receptor in 

DMBA induced tumours (Jahn et al. 1991). The developing tumours are 

dependent on pituitary and ovarian hormones, especially prolactin, progesterone 

and oestrogen. Administration of a combination of oestrogen and progesterone 

has a tumour inhibiting effect (Welsch, 1985). Androgens have a tumour 

inhibiting function in DMBA induced tumours (Teller et al. 1966). Melatonin is 

thought to inhibit mammary cancer growth acting as an antagonist of gonadal 

steroids especially oestrogen (Sanchez-Barcelo et al. 2003). 

Down-regulation of melatonin was proposed as a mechanism of carcinogenesis 

in the DMBA-model (de Jonage Canonico et al. 2003). Russo et al. (1996) 

observed a marked stromal reaction consisting of collagen deposition and 

infiltration by mast cells and lymphocytes around intraductal proliferations which 

eventually progress to carcinoma. They concluded that the host response and 

especially the accumulation of mast cell play a role in tumour progression (Russo 

et al. 1996).  

DMBA is a mutagenic agent, which forms DNA adducts after metabolic 

activation. Mutations caused are transitions of dG or dA to alternative 

nucleotides. An A to T transition resulted in an activating mutation in the 61st 

codon of the H-ras oncogene in rat mammary tumours induced by DMBA. This 

could be an important factor in the pathogenesis of DMBA-induced tumours 
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(Stanley, 1994). Other changes of the genetic regulation of the cells which have 

been associated with DMBA treatment are up-regulation of NF-κB (Kim et al.  

2000), VEGF (Heffelfinger et al.  2000) and alterations in the AhR pathway 

(Trombino et al. 2000), which is involved in the metabolism and activation of 

DMBA to form an ultimate carcinogen (DMBA-3,4-diol-1,2-epoxide) via the 

Cytochrome P450 system. Up-regulation of AhR could explain the high levels of 

NF-κB by induction of oxidative stress (Dalton et al. 2002; Nebert et al. 2000). 

AhR and NF-κB have been shown to interact and to regulate c-myc expression 

and a cyclin dependent kinase (Tian et al. 2002; Puga et al. 2002).  

Two studies examining DMBA and PhIP (Kuramoto et al.  2002, Shan et al.  

2002) using microarray technology have identified an up-regulation of cyclin D1, 

one of them (Shan et al. 2002) reporting an up - regulation of CDK4, PDGF-A 

and STAT5A as well. It was speculated that PDGF exerts its effect via up - 

regulation of STAT transcription factors which in turn may account for the over 

expression of cyclinD1. CyclinD1 up-regulation was reported already six weeks 

after DMBA-treatment (Papaconstantinou et al. 2005). Among the genes up-

regulated at this early time-point were Lgals7, Il-18, Igfbp2 and Pdgfa. Casein 

beta and thyroid hormone responsive Spot14 and Scd1 were down-regulated 

(Papaconstantinou et al. 2005). 

 

2.2.4.2.2  2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) 
The mechanism of action of PhIP involves activation by Phase II esterification 

resulting in the guanine adduct forming N-acetoxy-PhIP. In addition to the 

mutating activity of PhIP, it seems to retard the differentiation of TEBs of 

adolescent rats thus facilitating carcinogenesis by conserving the more 

susceptible TEBs. Inhibition of apoptosis and a prolactin-like effect may 

contribute to the carcinogenic effect of PhIP (Snyderwine et al. 2002; 

Snyderwine, 1999). The de-regulation of the cyclin D1, CDK4, Rb pathway was 

confirmed for the PhIP model by Qiu et al. (2003). Ras is mutated in PhIP- 

induced tumours like in DMBA-induced tumours (Yu et al.  2002). Interestingly, 

PhIP is also capable of inducing elevated levels of Neu  - the rat homologue of 



2 Literature review  25 

 

ErbB2. (Davis and Snyderwine, 1995). In a study of Vuorio et al. (1988) no 

alteration of ErbB2 was detected in the DMBA-induced model. The amplification 

of the Neu gene - as occurs in 30% of human breast cancers - has not been 

observed in any rat model except in a transgenic approach of Watson et al. 

(2002), which resulted in breast cancer of male rats.  

 
2.2.4.2.3  N-methylnitrosurea (MNU) 
MNU is a directly acting carcinogen. It causes activating mutations in codon 12 of 

the Ha-ras oncogene (Stanley, 1994). 

There are two protocols for the induction of mammary tumours. One applying 

MNU to animals of about 55 days of age (Gullino et al. 1975) and another one 

treating animals at 21 days of age (Thompson et al. 1995).  

The histological lesions occurring after treatment of animals at the age of 21 days 

are ductal hyperplasia, atypical hyperplasia and ductal carcinoma in situ 

(cribriform, comedo, papilliform in descending order of frequency). Some of the 

DCIS are surrounded by a desmoplastic stroma infiltrated by mast cells. The 

adenocarcinomas induced in this system resembled those induced by treatment 

of 55-day-old rats and show cribriform, papillary, and comedo subtypes. Invasion 

of the regional lymph node and metastasis to the lung has been observed in 

animals treated at 21 days of age. In this model, ovarian dependent and 

independent tumours are formed (<60% ovarian steroid dependent tumours arise 

in this model while >75% arise in rats treated at 50 days; Thompson et al. 2000). 

In contrast to Thompson et al., Singh et al. (2000) state, that metastases are not 

found in the short term model except for an occasional focus in lymph nodes. 

Elastosis and microcalcification, which occur in humans are not observed. 

Histologic lesions such as tubular, mucinous, adenoid cystic, medullary and 

lobular carcinoma are not found. The range of benign lesions and hyperplasias is 

more limited in the rat model (Singh et al.  2000). 

Genetic alterations in the MNU model are changes in Ha-ras (mutation of codon 

12) mutations in p53 and mdm2 have not been found in original and passaged 

tumours in normal and ovariectomized rats treated with MNU (McKenzie et al.  
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1997). In contrast to these observations, Sukumar et al. (1995) observed a p53 

mutation in one passaged MNU-induced tumour, PRAD-1 and IGF-2 

amplifications and a loss of the mitogenic growth factor gene MK in later 

passages of MNU-induced tumours. In an investigation of MNU- and DMBA- 

induced tumours the following alterations in gene expression were observed. Up- 

regulated genes in MNU-induced tumours include rat homologues of galectin-7, 

the human mouse melanoma inhibitory activity/ bovine chondrocyte – derived 

retinoic acid sensitive protein gene (MIA/CD-RAP), the mouse stearoyl CoA 

desaturase-2 gene, and the mouse endoB cytokeratin/ human cytokeratin gene 

18, galectin 7, MIA/CD-RAP and cytokeratin gene 18 were over expressed in 

DMBA-induced tumours as well (Lu et al. 1997). 

Rat mammary tumour gene 1 is up-regulated in mammary tumours induced by 

MNU. (Chiou et al. 2001). The centrosome associated regulatory molecule and 

oncogene AurA (Aurora A) was reported to be over-expressed in MNU tumours, 

which showed centromere amplification (Goepfert et al, 2002). 

Cyclin D1 is up-regulated in MNU tumours (Thompson 2000, Wang 2001).  

The most prominent oncogenes or tumour suppressor genes involved in human 

breast cancer (BRCA1/2, p53, ATM) are either not studied or have been shown 

to play different roles in the two species. For BRCA1 no different expression was 

observed in normal and diseased tissues of the rat (Chen et al. 1996), p53 is not 

mutated as in humans, ATM and BRCA2 have not yet been studied. The only 

oncogene found with a potentially activating mutation is Ha-ras. The involvement 

of this oncogene plays a role in about 5% of the human cases. Its role in the 

development of mammary tumours in the rat is shown to be causative in some 

experiments (Thompson et al. 1998). The activation of ras is more frequent than 

mutations, though, as ras is a downstream effector of growth factor pathways, 

which are frequently activated in human breast cancer e.g. the erbB2 or EGF 

pathway (von Lintig et al. 2000).  
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2.2.4.3 Transplantation of tumours and passaging 
 

Tumours with no or little metastatic characteristics in the rat can aquire that  

ability by transplantation and passaging. A transplantable DMBA-induced 

adenocarcinoma was generated by Segaloff et al. (1961), who studied its 

hormone dependence. Later clones from the passaged tumour were screened for 

metastatic behaviour and used to generate cell lines (Neri et al. 1981). Examples 

for a metastasising cell line is MTLn3, while MTC is a cell line without metastatic 

potential. These cell lines can be inoculated into the mammary fat pad of 

syngeneic hosts (Fischer rats) and MTLn3-cells form metastases in lung and 

lymph nodes. MTLn3-cells and MTC-cells were transfected with Green 

Fluorescent Protein and their behaviour studied with a multiphoton microscope 

and correlated to their gene expression profile. 

MTLn3-cells were associated with collagen fibres, whereas the non-metastatic 

MTC-cells were not. Cells in the MTLn3 tumours exhibited linear cell motility 

along collagen fibres and orientation towards blood vessels. MTLn3-cells 

remained intact during intravasation, while MTC-cells fragmented. There were 

seven categories of molecular differences between metastatic and non-

metastatic tumours: ECM composition, adhesion molecules, cytoskeleton 

involved in motility, mechanical stability and survival, cell polarity, chemotaxis 

towards vessels and proteolysis of collagen. MTLn3-cells over-expressed 

cadherins, which is associated with loss of cell-cell adhesion. Proteases were 

also over expressed, TIMPs showed low levels in these cells consistent with an 

invasive phenotype. Collagen content was higher in the MTC-tumours consistent 

with collagen over-expression in MTC-cells and over expression of proteinases 

and down-regulation of proteinase inhibitors in MTLn3-cells. Chemotaxis towards 

vessels is caused by EGF-expression of vessels. Carcinoma cells expressing 

high levels of EGFR like MTLn3-cells polarise and move towards this 

chemotactic stimulus (Wykhoff et al. 2000). MTLn3-cells lack intrinsic polarity as 

they express lower levels of ZBP-1,- which is responsible for development of cell 

polarity- than MTC-cells. MTLn3-cells over-express two proteins associated with 
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chemotactic response to EGF: Arp2/3 and capping protein, which are responsible 

for the formation of lamellipods in the leading edge towards an EGF-stimulus. 

The greater resistance to shear forces as experienced by the cells during 

intravasation could be due to the over-expression of cytokeratins in MTLn3-cells. 

It has to be noted that the cytokeratins expressed in MTLn3-cells do not match 

the pattern of expression of any cell of the mammary gland (Wang et al. 2002).  

MTLn3-cells express higher levels of anti-apoptotic genes, laminins and 

cadherins which may contribute to their survival in blood circulation (Wang et al. 

2002). Williams et al. (1982) reported the derivation of metastasising variants 

from a MNU-induced mammary adenocarcinoma, which retained the morphologic 

features of a moderately differentiated adenocarcinoma during passaging. 

Metastatic sites were lung and lymph nodes. Sometimes the characteristics of 

the passaged tumour change to a more sarcomatous appearance (Bartsch et al.  

2000; Hoon et al. 1984) including osteosarcoma (Hoon et al. 1984). Genes 

associated with a metastatic phenotype, which Kirschmann et al. (1999) detected 

by comparing metastasising MDA-MB-231 and non-metastasising MCF-7 cell 

lines were vimentin and keratin. Both were expressed in metastatic cells, a 

phenomenon called epithelial to mesenchymal transition. In vivo it is found in 

high grade ductal and medullary breast carcinomas and lymph node metastases. 

Vimentin expression was also observed, when cells acquired resistance to 

adriamycin (Somers et al. 1992).  
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3 Aims of the study  
 
The aim of the study was to generate gene expression profiles of selected 

spontaneous and induced rat mammary tumours in order to address the 

following: 

 

• Are there differences in the gene expression profile between spontaneous 

benign and malignant mammary tumours and how do they differ from the normal 

post-lactating mammary gland? 

 

• Is the gene expression profile different between spontaneous and induced 

mammary adenocarcinomas? 

 

• What are the differences between the non-metastasising DMBA-induced model 

and the metastatic DMBA-derived mammary carcinoma MTLn3 and how do they 

differ from the normal virgin mammary gland? 

 

• Do the gene expression profiles contribute to our understanding of the 

pathogenesis of rat mammary tumours? 

 

• Are these genes found in human breast cancer?  

How do the models fit into current classifications of human breast cancer?  

 

• Is there a single gene unique for each tumour group which can be used to 

distinguish between different mammary tumours of the rat? 

 

• Validation of selected genes with immunohistochemistry  and RT-QPCR 
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4 Materials and Methods 
 

4.1 Animals  
 
Female Sprague Dawley rats were obtained from the following suppliers: 

For DMBA - induced tumours: 30 virgin animals from taconic m&b  (TAC:SPRD Han 

@MOL) (Borup, Denmark), which were treated with 20 mg DMBA between day 48 

and 52.  

For spontaneous tumours: 60 retired breeding animals from Harlan (Netherlands), 

at the age of 8 months. 

For controls: three 11-weeks-old virgin animals and three 12 to 14-week-old post 

lactating Sprague-Dawley rats were obtained from Taconic (Borup, Denmark). 

Mtln3-induced tumours were a kind gift of Novartis oncology research. Shortly, 

tumour cells were inoculated into the 4th mammary fat pad of female Fischer344 

rats. Tumours and metastases develop in about 4 weeks.  

 

Table 1: Animals used in the gene expression experiment , RT-QPCR and IHC 

Tissue type Age of rat when killed Animal 
numbers 

Supplier 

spontaneous benign tumours 8 months 11,21,39 Harlan 
spontaneous malignant 
tumours 

1: 23 months, 48 10 
months, 53: 21 months

1, 48, 53 Harlan 

DMBA-induced malignant 
tumours 

4 months 65C,76B,86C Taconic 

MTLn3-induced malignant 
tumours 

2-3 months  M1/4, M1/5 * 

control virgin normal 
mammary gland 

11 weeks v 1, v2, v3 Taconic 

control post-lactating normal 
mammary gland 

12-14 weeks pl1, pl2, pl3 Taconic 

 
*Tissues received from 
Novartis oncology research 
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4.2 Animal maintenance 
 
Animals were housed in MUT-2881, Muttenz, Switzerland. Room temperature was 

20 to 24°C with a humidity of 40 to 70%. For 12 hours a day, fluorescent light was 

turned on in the animal quarters. Animals were kept in groups of three in a type IV 

Macrolon cage on sterilised softwood particle bedding (Rettenmaier & Söhne, 

Ellwangen-Holzmühle, Germany) under optimal hygienic conditions. KLIBA-NAFAG 

no. 3893.0.25 pelleted standard diet was fed ad libitum (Provimi Kliba AG, 

Kaiseraugst, Switzerland). Tap water from the local supply was available ad libitum 

from polyethylene bottles. Animals were identified by electronic transducers 

(DATAMARS SA RF-identification technology, Bedano-Lugano, Switzerland). 

Permission for the animal experiment was obtained from Kantonales 

Veterinäramt, Basel (Permission number: Tierversuchsbewilligung 5087). 

Animals were palpated weekly for occurrence of mammary tumours and were 

daily observed for signs of illness. If tumours reached a size of 1cm³ or the 

animal seemed moribund, rats were killed.  

 

4.3 Tissue processing 
 
Tumours were cut in half, one half was immediately snap-frozen in liquid nitrogen 

the other half was fixed in phosphate buffered 4% formaldehyde. After 

embedding in paraffin, sections were cut at nominally 3-µm and stained with 

haematoxylin and eosin for histological evaluation.   

 

4.4 RNA-extraction and microarray experiment 
 
Total RNA was obtained by acid guanidinium isothiocyanate–phenol–chloroform 

extraction (Trizol; Invitrogen Life Technologies, San Diego, CA, USA) and purified 

on an affinity resin (RNeasy; Qiagen, Hilden, Germany) according to manufacturer 

instructions (www1.quiagen.com). 100-200 mg of tumour or control tissue was used 

for RNA extraction, resulting in 14-175 µg RNA. . DNA microarray experiments were 

conducted as recommended by the manufacturer of the GeneChip system 
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(Affymetrix, Inc. 2002). Rat specific RAE230A gene expression probe arrays 

(Affymetrix, Inc., Santa Clara, CA, USA) were used containing 15866 probe sets 

interrogating primarily annotated genes. Per tissue and per animal, one chip was 

used, resulting in a total of 17 chips. The resulting image files (.dat files) were 

processed using the Microarray Analysis Suite 5 (MAS5) software (Affymetrix, Inc.). 

Tab delimited files were obtained containing data regarding signal intensity (Signal) 

and categorical expression level measurement (Absolute Call) 

(www.affymetrix.com).  

 

4.5 Data analysis 
 
4.5.1 Filtering 
 
The 15866 genes in this experiment were filtered to obtain genes with raw data 

greater than 100 random units and a present flag in 2 of 17 conditions, which 

resulted in a list of 9331 genes.  

 

4.5.2 Comparison of tumour groups 
 
To determine which genes were differentially expressed between the tumour 

groups and their matching control group, a one-way analysis of variance 

(ANOVA) with the assumption that variances are not equal was applied to genes 

that showed a present flag in 2 of the samples. Genes with a p-value < 0.05 were 

considered statistically significant. Based on the gene list obtained after filtering 

this resulted in 4677 genes for virgin control, DMBA- and MTLn3-induced 

tumours. For post-lactating control, spontaneous benign and spontaneous 

malignant 1884 genes were obtained. In these two groups, group average 3 fold 

changes were calculated by using the average of the tumour groups compared 

with the control group. A filter on raw data (raw dat >100) was applied to the 

genes 3 fold up regulated, this filter was omitted in the 3 fold down regulated 

genes. ESTs were excluded from further analysis. Averages of gene expression 

levels in all groups were used. Finally, gene lists comprising  88 genes for 
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spontaneous benign versus post- lactating control, 80 genes for spontaneous 

malignant versus post- lactating control, 256 genes for DMBA- induced versus 

virgin control and 558 genes for MTLn3- induced versus virgin control were 

obtained. These gene lists are presented in the appendix (9.2 Appendix: Gene 

lists). Data analysis was performed with the GeneSpring6.0 software package 

(Silicongenetics, Redwood City, CA 94063, USA).  

Grouping of the genes according to their function is attempted during analysis. 

Main classes of interest are: extracellular matrix, growth factors, angiogenesis 

factors, genes related to apoptosis, proliferation, invasion, metastasis, drug 

resistance, tumour markers/ hormone receptors, mammary development, 

metabolism. These classes are of major interest in cancer development (groups 

related to apoptosis, proliferation, invasion, metastasis were based on Hanahan 

and Weinberg (2000), mammary developmental genes were based on Dickson et 

al. (2000), drug resistance related genes were of interest in the breast cancer 

models. 

The resulting grouping of the genes according to these classes are listed under 

results (5.1). Citations of the literature showing the reason for allocating genes to a 

given class are presented in the first part of the discussion (6.1 Interpretation of the 

gene expression of tumour groups). 
Full gene names are implemented in the gene lists in the results section (5.1 

Results: Gene expression of tumour groups). 

 

4.5.3 Comparison to human breast cancer expression profiles 
 
The profiles chosen for comparison are those published by Sorlie, Perou and 

Sotiriou (Sorlie et al. 2001, Perou et al. 2000, Sotiriou et al. 2003), who found 

new subgroups of breast cancer with relevance to disease outcome. Another 

study chosen for comparison was a study on oestrogen responsive genes 

(Gruvberger et al. 2001). 
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4.5.4 Immunohistochemistry 
 
For the tumour groups shown in table 1 the following immunohistochemical 

stainings were performed using one paraffin-block per animal: Oestrogen 

receptor (Novocastra, Newcastle upon Tyne, United Kingdom), Progesterone 

receptor (Zymed, San Francisco, CA) and PCNA (Dako, Glostrup, Denmark). 

Immediately after necropsy, tissue samples were fixed in 4 % neutral-buffered  

formaldehyde and routinely embedded in paraffin. Tissue sections were mounted 

on SuperfrostPlus adhesive glass slides (Menzel-Gläser,  Braunschweig,  

Germany).   

Sections were gradually dewaxed (Xylol 2x5 min, 98% alcohol 2x5 min, 80% 

alcohol 1x5 min, 70% 1x5 min, distilled water). The sections were then pre-

treated and stained according to the following table. Slides were coverslipped 

with Pertex (Medite GmbH, Burgdorf, Germany). Antibodies, pre-treatments, 

dilutions and secondary antibody are shown in table 2. 
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Table 2: Primary antibodies, source of antibodies, pre-treatments, dilutions and 

secondary antibody  
Antibody Source Pre-treatment Dilution Secondary 

antibody 

Oestrogen 

receptor  

Novocastra TEC MW 30` 98°C 1 : 75 Goat anti mouse 

Progesterone 

receptor 

Zymed TEC MW 30` 98°C 1 :50 Goat anti mouse 

pan-cytokeratin 

(Keratin 

1,5,6,8) 

Sigma C-

1801 

Borat 2´ 1:10000 Goat anti mouse 

vimentin DAKO Ci6 MW 10´ 98°C 1:100 Goat anti mouse 

actin DAKO Ci6 MW 10´ 98°C 1:800 Goat anti mouse 

Thy-1 Research 

diagnostics 

Ci6 MW 45´ 98°C 

ampli 

1:20 Goat anti mouse 

NSE Dako EDTA MW 10´ 98°C 1:50 Goat anti mouse 

CD44 Research 

diagnostics 

Ci6 MW 30` 98°C 1:500 Goat anti mouse 

Ci6: Citrate buffer ph6, Borat: Borate buffer, EDTA: ethylenediaminetetraacetic acid  
 TEC: Tris-EDTA-Citrat buffer, MW: microwave 

 

4.5.4.1 Buffers used for pre-treatment: 
Borat: 5 ml stock solution added to 250 ml aqua dest. Stock solution: 31g boric 

acid (Sigma B 0396) in 500 ml aqua dest, calibrated to ph7 by adding NaOH. 5 

ml of stock solution.  

Ci6: 10 mM citrate buffer pH 6.0 (Milan analytica AG, La Roche, Switzerland)  

EDTA: 25 ml stock solution in 250ml aqua dest, adjusted to ph8. Stock 

solution:14,6g EDTA (Sigma) in 500ml aqua dest 

TEC: (Tris-EDTA-Citrat buffer): 25 ml stock solution diluted in 250ml aqua dest. 

Stock solution: 5g EDTA (Sigma), 2,5g Tris base, 3,2g Tri- Natrium – Citrate in 

1000ml aqua dest.  
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4.5.4.2 Mode of pre-treatment 
MW: microwave with temperature sensor (H2500 microwave processor, energy 

beam sciences, Inc.) 

Borat 2´: slides cooked in a pressure cooker for 2 min, then left to cool for 20 min 

in buffer 

4.5.4.3 Secondary antibody: 
The secondary antibody goat anti mouse (Jackson ImmunoResearch, West 

Grove, PA, USA) was used in a dilution of 1: 1000 (Diluted in Ventana antibody 

diluent (Hauptman–Woodward Medical Research Inst., Inc., Buffalo, NY, USA). 

4.5.4.4 Visualisation 
Stainings and hematoxylin counterstain were performed using the Ventana Nexes 

automated immunostainer  with a Ventana DAB Detection Kit (Ventana Medical 

Systems, Tucson, AZ) for visualisation. 

 

 

4.5.5 RT-QPCR 
 
4.5.5.1 Primer and probe design 

The rat primer and probe sets for 18s (catalogue number: Hs99999901_s1, 

GeneBank X03205), beta2 microglobulin (catalogue number: Rn00560865_m1, 

GeneBank NM_012512), Glucuronidase (catalogue number: Rn00566655_m1, 

GeneBank NM_017015), FGF3 (catalogue number: Rn00590754_m1, GeneBank 

NM_130817) and RMT-1 (catalogue number: Rn00595405_m1, sequence 

unknown, provided by manufacturer) were purchased commercially from Applied 

Biosystems (Rotkreuz,CH) under the name of TaqMan® Gene Expression Assay 

(http://www.appliedbiosystems.com/catalog/). The probes were labeled with the 5’ 

reporter dye 6-carboxy-fluorescein (FAM) and the 3’ minor groove binder non-

fluorescent quencher dye (MGBNFQ).  
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4.5.5.2 Real-time PCR 

Real-time PCR was performed using the ABI PRISM® 7900HT Sequence Detection 

system (Applied Biosystems, ROTKREUZ,CH) 

(http://www.appliedbiosystems.com/catalog/). TaqMan® Gene Expression Assays 

(Applied Biosystems, ROTKREUZ,CH ) were supplied in 20x concentration. This 

assay consists of amplification primers (forward and reverse) and a fluorescent 

labeled TaqMan® probe, formulated into a single tube. Every assay is optimized to 

run under universal thermal cycling conditions with a final reaction concentration of 

250nM for the probe and 900nM for each primer. The final reaction volume was 20 

μl, and 2 μl cDNA was used as the starting template. All reactions were run in 

duplicate. Real-time PCR master mix (Applied Biosystems, reference no.4304437) 

was used for the real-time PCR according to manufacturer’s specification. The 

TaqMan® Universal PCR Master Mix contains AmpliTaqGold® DNA polymerase, 

dNTPs, optimized buffer components, MgCl2, passive reference dye (Rox® dye), 

and AmpErase®UNG.  The real-time PCR conditions consists in one cycle at 50°C 

for 2 min, followed by one cycle of denaturation at 95°C for 10 min and 40 cycles of 

amplification: a denaturation step at 95°C for 15s and annealing/elongation step at 

60°C for 1 min (http://www.appliedbiosystems.com). 

 

 

4.5.5.3 Calculation of results 

A standard curve was used to generate expression data expressed in molecule 

number.  

The standard curve was done by using a commercially rat total RNA (Ambion, cat 

no. 7910). The rat total RNA was reverse transcribed (High capacity cDNA archive 

kit from Applied Biosystems, reference no. 4322171) to obtain cDNA. Serial 

dilutions were performed. The housekeeping gene was used to generate the 

standard curve. The efficiency of the reaction was calculated using the slope of the 

standard curve i.e. efficiency = 10-1/slope-1. 
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The housekeeping gene used for normalization of gene expression data was 18S , 

B2m or Gusb. 

Results are presented in Arbitrary Units (A.U) as the ratio between the number of 

molecules for the gene of interest divided by the number of molecules for 18S, 

B2m or Gusb (normalized gene expression). 
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5 Results 
 

5.1 Gene expression of tumour groups 
 
5.1.1 Gene expression of fibroadenoma 
 
Information relating to functional grouping was found for 26 different genes in 

fibroadenoma.  Genes with altered expression belong mainly to the category 

extracellular matrix. Some genes are listed in different categories, reasons are 

given in the discussion. Genes are listed in Table 3. 

 
Table 3: Functional classes of genes in the fibroadenoma expression profile  
Affymetrix 
identifier 

Short name Gene name Post-lactating control 
mean (range) 

Fibroadenoma 
mean (range) 

Extracellular matrix  
Collagen synthesis 
1370864_at Col1a1 Collagen alpha1 0.833 (0.431 to 1.343) 3.269 (3.081 to 3.628) 
1387854_at Col1a2 0.822 (0.475 to 1.169) 3.427 (3 to 4.033) 
1369955_at Col5a1 collagen, type V, 

alpha 1 
0.892 (0.411 to 1.788) 4.915 (3.733 to 6.194) 

1368172_a_at Lox 0.568 (0.393 to 0.76) 2.934 (1.522 to 5.015) 
1368171_at Lox lysyl oxidase (an 

H-rev gene with its 
expression down-
regulated in HRAS-
transformed rat 
208F fibroblasts) 

0.354 (0.226 to 0.452) 1.793 (1.245 to 2.187) 

1367749_at Lum lumican 0.802 (0.559 to 1.427) 2.726 (2.257 to 3.268) 
1367563_at Sparc osteonectin 0.673 (0.387 to 1.071) 2.456 (2.164 to 2.758) 
1386912_at Pcolce procollagen C-

proteinase 
enhancer protein 

0.814 (0.471 to 1.627) 4.613 (4.039 to 5.645) 

1368237_at Tnmd myodulin 1.152 (1.034 to 1.383) 15.75 (9.527 to 22.69) 
  

Fibroblast related genes 
1369422_at Fap fibroblast activation 

protein 
1.447 (0.853 to 2.206) 7.648 (6.041 to 8.772) 

1369651_at Thy1 thymus cell surface 
antigen 

0.825 (0.496 to 1.304) 5.579 (3.554 to 7.338) 

1368860_at Tdag T-cell death 
associated gene 

0.5 (0.344 to 0.68) 2.331 (1.639 to 3.496) 
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1369415_at Bhlhb2 basic helix-loop-
helix domain 
containing, class 
B2 

0.271 (0.219 to 0.317) 1.056 (0.912 to 1.152) 

1387306_a_at Egr2 early growth 
response 2 

0.977 (0.778 to 1.198) 6.4 (5.848 to 6.816) 

  
Extracellular matrix homeostasis 
1367571_a_at Igf2 insulin-like growth 

factor II 
(somatomedin A) 

1.968 (1.513 to 2.368) 8.044 (5.841 to 12.58) 

1387180_at Il1r2 interleukin 1 
receptor, type II 

0.557 (0.346 to 1) 2.869 (2.571 to 3.237) 

1369947_at Ctsk cathepsin K 1.062 (0.607 to 1.645) 5.522 (4.616 to 7.61) 
  

Growth factors  
1367571_a_at Igf2 insulin-like growth 

factor II 
(somatomedin A) 

1.968 (1.513 to 2.368) 8.044 (5.841 to 12.58) 

1387306_a_at Egr2 early growth 
response 2 

0.977 (0.778 to 1.198) 6.4 (5.848 to 6.816) 

1386884_at Prss11 protease, serine, 
11 

0.867 (0.564 to 1.205) 2.702 (2.193 to 3.361) 

  
Angiogenesis and blood vessels 
1386869_at Actg2 actin, gamma 2 1.414 (1 to 2.259) 5.737 (4.82 to 6.283) 
1369625_at Aqp1 1.058 (1 to 1.104) 3.176 (2.165 to 4.346) 
1368512_a_at Enpep aminopeptidase A 1.434 (0.807 to 2.254) 4.715 (4.654 to 4.829) 

1370312_at f-spondin f-spondin 1.107 (0.753 to 1.457) 3.375 (3.112 to 3.905) 
1368989_at Timp3 tissue inhibitor of 

metalloproteinase 
3 

0.561 (0.386 to 1) 2.054 (1.754 to 2.452) 

  
Proliferation  
1369735_at Gas6 growth arrest 

specific 6 
2.326 (2.233 to 2.438) 7.103 (5.689 to 8.038) 

  
Mammary development 
1369320_at Cdrap cartilage derived 

retinoic acid 
sensitive protein 

6.346 (4.834 to 9.108) 19.32 (12.3 to 28.29) 

  
Tumour marker and hormone receptors 
1367571_a_at Igf2 insulin-like growth 

factor II 
(somatomedin A) 

1.968 (1.513 to 2.368) 8.044 (5.841 to 12.58) 

1369484_at Wisp2 WNT1 inducible 
signaling pathway 
protein 2 

0.43 (0.272 to 0.601) 2.229 (2.022 to 2.692) 
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5.1.2 Gene expression of spontaneous adenocarcinoma 
 
Information relating to functional grouping was found for 15 different genes in 

spontaneous adenocarcinoma. Genes with altered expression belong mainly to  the 

category growth factors, mammary development and tumour markers. Some genes 

are listed in different categories, reasons are given in the discussion. Genes are 

listed in Table 4. 

 
 
Table 4: Functional classes of genes in the spontaneous adenocarcinoma 
expression profile  
Affymetrix 
identifier 

Short name Gene name Post-lactating control  
mean (range) 

Spontaneous 
adenocarcinoma 
mean (range) 

Extracellular matrix 
1368115_at Cldn3 claudin 3 1.58 (1.21 to 2.103) 5.435 (4.327 to 6.992) 
1387767_a_at Col2a1 type II collagen 4.518 (2.697 to 5.999) 19.57 (12.41 to 27.55) 

  
Growth factors  
1387532_at Fgf3 fibroblast growth 

factor 3 
0.153 (0.0878 to 0.46) 33.01 (18.51 to 83.23) 

1368641_at Wnt4 wingless-type 
MMTV integration 
site family, 
member 4 

0.902 (0.449 to 1.493) 3.008 (2.417 to 4.579) 

  
Angiogenesis  
1387111_at Ddah1 dimethylarginine 

dimethylaminohyd
rolase 1 

0.177 (0.0779 to 0.294) 0.923 (0.759 to 1.119) 

1368223_at Adamts1 a disintegrin and 
metalloproteinase 
with 
thrombospondin 
motifs 1 

0.604 (0.474 to 0.798) 2.865 (2.358 to 4.013) 

  
Apoptosis  
1368017_at Lgals7 lectin, galactose 

binding, soluble 7 
1.706 (1.047 to 3.477) 6.983 (6.363 to 7.962) 

  
Proliferation  



42  5 Results 

 

1371643_at Ccnd1 0.699 (0.443 to 1) 2.914 (2.387 to 3.346) 
  

Invasion  
1370627_at Arhv Chp 0.684 (0.506 to 0.876) 2.072 (1.798 to 2.498) 
1367949_at Penk-rs preproenkephalin, 

related sequence 
1.176 (0.965 to 1.338) 10.08 (7.208 to 15.48) 

1388204_at UMRCase collagenase 0.634 (0.541 to 0.754) 7.228 (4.374 to 15.03) 
  

Mammary development and differentiation 
1370778_at LOC259245 alpha-2u globulin 0.0633 (0.0128 to 0.252) 14.98 (7.768 to 25.25) 

1370779_x_at LOC259245 alpha-2u globulin 0.255 (0.229 to 0.275) 22.62 (10.65 to 36.49) 

1369320_at Cdrap cartilage derived 
retinoic acid 
sensitive protein 

6.346 (4.834 to 9.108) 28.9 (26.47 to 33.99) 

1370225_at Cited4 1.35 (1 to 1.669) 8.655 (7.48 to 10.53) 
1368641_at Wnt4 wingless-type 

MMTV integration 
site family, 
member 4 

0.902 (0.449 to 1.493) 3.008 (2.417 to 4.579) 

  
Metabolism  
1368003_at Aldh1a2 aldehyde 

dehydrogenase 
family 1, subfamily 
A2 

0.626 (0.588 to 0.706) 2.145 (1.425 to 3.409) 

1387017_at Sqle squalene 
epoxidase 

0.203 (0.152 to 0.246) 0.689 (0.583 to 0.806) 

  
Tumour markers and hormone receptors 
1368223_at Adamts1 a disintegrin and 

metalloproteinase 
with 
thrombospondin 
motifs 1 

0.604 (0.474 to 0.798) 2.865 (2.358 to 4.013) 

1371643_at Ccnd1 0.699 (0.443 to 1) 2.914 (2.387 to 3.346) 
1368017_at Lgals7 lectin, galactose 

binding, soluble 7 
1.706 (1.047 to 3.477) 6.983 (6.363 to 7.962) 

1368641_at Wnt4 wingless-type 
MMTV integration 
site family, 
member 4 

0.902 (0.449 to 1.493) 3.008 (2.417 to 4.579) 
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5.1.3 Gene expression of  DMBA-induced adenocarcinoma 
 
Information relating to functional grouping was found for 75 different genes in 

DMBA-induced adenocarcinoma. Genes with altered expression belong mainly to  

the category growth factors,  proliferation, invasion, mammary development and 

tumour markers. Some genes are listed in different categories, reasons are given in 

the discussion. Genes are listed in Table 5. 

 

 
Table 5: Functional classes of genes in the DMBA-induced adenocarcinoma 
expression profile  
Affymetrix 
identifier 

Short name Gene name Virgin control 
mean (range) 

DMBA-induced 
adenocarcinoma 
mean (range) 

Extracellular matrix 
1368223_at Adamts1 a disintegrin and 

metalloproteinase 
with 
thrombospondin 
motifs 1 

0.846 (0.814 to 0.869) 5.946 (4.323 to 9.898) 

1398321_a_at Col12a1 collagen XII alpha 
1 

0.193 (0.0864 to 0.379) 0.763 (0.643 to 0.846) 

1388054_a_at Cspg2 versican V3 
isoform precursor 

0.399 (0.324 to 0.53) 2.911 (1.726 to 4.08) 

1388142_at Cspg2 0.546 (0.425 to 0.624) 3.675 (2.375 to 4.798) 
1371232_a_at Cspg2 versican Vint 

isoform 
0.578 (0.49 to 0.665) 2.999 (1.72 to 3.992) 

1368114_at Fgf13 fibroblast growth 
factor 13 

1.66 (1.336 to 1.878) 13.91 (11.26 to 18.91) 

1370538_at Lama3 laminin-5 alpha 3 
chain 

0.573 (0.55 to 0.601) 2.403 (1.74 to 2.881) 

1387961_at Opcml cell adhesion-like 
molecule 

0.445 (0.37 to 0.584) 12.67 (9.9 to 18.04) 

1368255_at RNU16845 neurotrimin 0.839 (0.457 to 1.177) 5.043 (2.663 to 7.428) 
  

Growth factors and transcription factors 
1369415_at Bhlhb2 basic helix-loop-

helix domain 
containing, class 
B2 

0.276 (0.245 to 0.34) 2.823 (2.37 to 3.348) 

1387301_at Fgf1 fibroblast growth 
factor 1 

1.002 (0.808 to 1.275) 11.14 (9.061 to 13.58) 

1368114_at Fgf13 fibroblast growth 
factor 13 

1.66 (1.336 to 1.878) 13.91 (11.26 to 18.91) 
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1369525_at Gata3 GATA-binding 
protein 3 

0.999 (0.952 to 1.06) 3.503 (3.427 to 3.648) 

1368233_at Gtf2f2 general 
transcription factor 
IIF, polypeptide 2 
(30kD subunit) 

0.659 (0.599 to 0.782) 3.045 (2.003 to 4.344) 

1387036_at Hes1 hairy and 
enhancer of split 1

0.66 (0.587 to 0.779) 2.014 (1.819 to 2.175) 

1370805_at msg1 melanocyte-
specific gene 1 
protein 

3.855 (3.204 to 4.884) 34.48 (30.31 to 38.97) 

1368918_at Pgf placental growth 
factor 

0.751 (0.601 to 0.988) 4.322 (3.181 to 5.203) 

1371043_a_at Pou3f3 1.589 (1.177 to 2.263) 33.75 (26.42 to 46.18) 
1369968_at Ptn pleiotrophin 

(Heparine binding 
factor, Hbnf, in the 
mouse) 

1.809 (1.544 to 2.164) 10.63 (8.652 to 13.68) 

  
Angiogenesis  
1387111_at Ddah1 dimethylarginine 

dimethylaminohyd
rolase 1 

0.228 (0.187 to 0.323) 1.257 (1.188 to 1.311) 

1387301_at Fgf1 fibroblast growth 
factor 1 

1.002 (0.808 to 1.275) 11.14 (9.061 to 13.58) 

1387036_at Hes1 hairy and 
enhancer of split 1

0.66 (0.587 to 0.779) 2.014 (1.819 to 2.175) 

1371006_at Jag2 0.847 (0.611 to 1.092) 6.574 (5.308 to 7.634) 
1371036_at Nrcam 0.926 (0.743 to 1.239) 8.949 (5.307 to 18.33) 
1368918_at Pgf placental growth 

factor 
0.751 (0.601 to 0.988) 4.322 (3.181 to 5.203) 

1369968_at Ptn pleiotrophin 
(Heparine binding 
factor, Hbnf, in the 
mouse) 

1.809 (1.544 to 2.164) 10.63 (8.652 to 13.68) 

1367849_at Sdc1 syndecan 1 0.325 (0.277 to 0.377) 1.539 (1.165 to 1.908) 
  

Antiangiogenic factors 
1368223_at Adamts1 a disintegrin and 

metalloproteinase 
with 
thrombospondin 
motifs 1 

0.846 (0.814 to 0.869) 5.946 (4.323 to 9.898) 

1388459_at Col18a1 0.805 (0.661 to 0.976) 3.777 (3.294 to 4.257) 
1388143_at Col18a1 0.725 (0.607 to 0.877) 2.848 (2.628 to 3.164) 

  
Apoptosis  
1387715_at Expi extracellular 

proteinase 
inhibitor 

0.0231 (0.0152 to 0.0349) 0.417 (0.258 to 1.013) 
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1368017_at Lgals7 lectin, galactose 
binding, soluble 7 

1.02 (0.774 to 1.37) 20.21 (17.1 to 23.32) 

  
Proliferation  
1369871_at Areg amphiregulin 

preproprotein 
2.347 (0.923 to 4.227) 24.43 (16.68 to 31.87) 

1371150_at CCND1 CYCLIN D1 0.529 (0.344 to 0.896) 3.309 (3.105 to 3.704) 
1371643_at Ccnd1 0.69 (0.575 to 0.949) 3.616 (3.384 to 3.951) 
1367776_at Cdc2a cell division cycle 

2 homolog A 
0.258 (0.173 to 0.455) 0.925 (0.507 to 1.487) 

1369194_a_at Cdkn2a cyclin-dependent 
kinase inhibitor 2a 
p16Ink4a 

0.51 (0.209 to 0.894) 36.26 (20.31 to 57.69) 

1388230_at Jub Ajuba protein 0.684 (0.528 to 0.871) 2.365 (2.024 to 3.013) 
1370138_at Lef1 lymphoid 

enhancer binding 
factor 1 

1.593 (0.129 to 6.75) 11.98 (11.61 to 12.76) 

1368106_at Snk serum-inducible 
kinase 

0.855 (0.708 to 1.036) 2.942 (2.423 to 3.283) 

1373124_at Src 0.772 (0.603 to 0.898) 3.384 (3.099 to 3.799) 
1389030_a_at Src 0.74 (0.564 to 0.935) 2.605 (2.402 to 2.885) 

  
  

1370071_at Ada adenosine 
deaminase 

0.897 (0.762 to 1) 6.052 (5.896 to 6.189) 

1388650_at Top2a 0.246 (0.0704 to 0.609) 0.866 (0.446 to 1.592) 
  

Invasion   
1370043_at Alcam activated 

leukocyte cell 
adhesion 
molecule 

0.567 (0.486 to 0.669) 2.135 (2.027 to 2.292) 

1370627_at Arhv Chp 0.628 (0.547 to 0.722) 2.672 (2.161 to 3.024) 
1387043_at C4.4a GPI-anchored 

metastasis-
associated protein 
homolog 

0.433 (0.38 to 0.545) 2.667 (1.937 to 3.415) 

1386947_at Cdh1 cadherin 1 0.452 (0.42 to 0.495) 1.516 (1.447 to 1.631) 
1368162_at Cst6 cystatin N 0.932 (0.787 to 1.028) 10.42 (6.786 to 22.26) 
1370216_at Ddr1 0.85 (0.729 to 1.077) 2.819 (2.569 to 3.215) 
1369665_a_at IL-18 interleukin-18 1.042 (0.795 to 1.21) 4.503 (3.566 to 6.84) 
1368530_at Mmp12 matrix 

metalloproteinase 
12 

0.212 (0.185 to 0.254) 0.72 (0.406 to 0.997) 

1368657_at Mmp3 matrix 
metalloproteinase 
3 

0.139 (0.0994 to 0.205) 4.008 (0.587 to 13.78) 

1368766_at Mmp7 matrix 
metalloproteinase 
7 (matrilysin) 

0.136 (0.0645 to 0.254) 29.4 (16.99 to 52.04) 
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1367949_at Penk-rs preproenkephalin, 
related sequence 

2.232 (1.365 to 4.604) 25.55 (16.91 to 37.7) 

1367849_at Sdc1 syndecan 1 0.325 (0.277 to 0.377) 1.539 (1.165 to 1.908) 
1367581_a_at Spp1 osteopontin 0.268 (0.227 to 0.348) 3.543 (2.435 to 6.842) 
1388204_at UMRCase collagenase 0.27 (0.162 to 0.388) 10.41 (1.534 to 28.43) 

  
Mammary development and differentiation 
1370043_at Alcam activated 

leukocyte cell 
adhesion 
molecule 

0.567 (0.486 to 0.669) 2.135 (2.027 to 2.292) 

1369871_at Areg amphiregulin 
preproprotein 

2.347 (0.923 to 4.227) 24.43 (16.68 to 31.87) 

1369320_at Cdrap cartilage derived 
retinoic acid 
sensitive protein 

6.073 (3.286 to 10.15) 49.18 (42.53 to 53) 

1370225_at Cited4 1.985 (1.465 to 3.348) 15.27 (8.285 to 36.19) 
1388155_at Krt1-18 2.472 (2.317 to 2.755) 7.539 (6.328 to 9.874) 
1370863_at Krt2-5 1.051 (0.773 to 1.503) 6.192 (5.815 to 6.993) 
1370779_x_at LOC259245 alpha-2u globulin 0.31 (0.152 to 0.578) 88.7 (20.27 to 266.5) 
1370778_at LOC259245 alpha-2u globulin 0.43 (0.184 to 0.772) 107.8 (27.59 to 286.1) 
1370384_a_at PRL receptor prolactin receptor 14.13 (12.2 to 15.8) 57.19 (43.25 to 75.61) 
1370789_a_at Prlr lactogen receptor 3.838 (2.74 to 4.681) 23.84 (19.14 to 34.62) 
1368681_at Pthlh parathyroid 

hormone-like 
peptide 

0.996 (0.919 to 1.076) 4.325 (3.286 to 5.883) 

1369968_at Ptn pleiotrophin 
(Heparine binding 
factor, Hbnf, in the 
mouse) 

1.809 (1.544 to 2.164) 10.63 (8.652 to 13.68) 

1368641_at Wnt4 wingless-type 
MMTV integration 
site family, 
member 4 

0.986 (0.47 to 2.816) 5.779 (4.766 to 7.78) 

1369263_at Wnt5a wingless-type 
MMTV integration 
site 5A 

0.827 (0.74 to 1) 5.34 (3.613 to 6.496) 

1368913_at Csn2 casein beta 60.8 (36.19 to 96.16) 1.277 (1 to 2.038) 
1387751_at Wap whey acidic 

protein 
49.47 (17.65 to 95.95) 1.703 (1 to 3.728) 

  
Metabolism  
1368587_at Apoc1 apolipoprotein C-I 0.924 (0.54 to 1.353) 14.2 (9.355 to 22.93) 
1388218_at Ldlr; LDLRA Low density 

lipoprotein 
receptor 

0.238 (0.131 to 0.328) 1.477 (1.037 to 2.319) 

1387017_at Sqle squalene 
epoxidase 

0.155 (0.0536 to 0.273) 1.327 (1.183 to 1.465) 

  
Tumour markers and hormone receptors 
1371150_at CCND1 CYCLIN D1 0.529 (0.344 to 0.896) 3.309 (3.105 to 3.704) 
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1371643_at Ccnd1 0.69 (0.575 to 0.949) 3.616 (3.384 to 3.951) 
1387024_at Dusp6 dual specificity 

phosphatase 6 
0.329 (0.282 to 0.391) 1.621 (1.487 to 1.788) 

1368007_at Dmbt1 deleted in 
malignant brain 
tumours 1 

2.65 (2.138 to 3.684) 0.314 (0.223 to 0.409) 

1389360_at Fxyd3 1.427 (1.328 to 1.518) 4.318 (3.848 to 5.262) 
1386933_at Gp2 secretory 

(zymogen) 
granule 
membrane 
glycoprotein GP2 

4.001 (3.273 to 5.299) 69.59 (46.63 to 133.7) 

1368441_at Msln mesothelin 0.142 (0.106 to 0.17) 3.132 (2.223 to 4.036) 
1370384_a_at PRL receptor prolactin receptor 14.13 (12.2 to 15.8) 57.19 (43.25 to 75.61) 
1370789_a_at Prlr lactogen receptor 3.838 (2.74 to 4.681) 23.84 (19.14 to 34.62) 
1387563_at Pgr progesterone 

receptor 
1.536 (1.164 to 2.35) 14.92 (12.78 to 16.23) 

1370646_at Rmt1 mammary cancer 
associated protein 
RMT-1 

1.99 (1.41 to 2.402) 107.8 (71.86 to 204.9) 

1370806_at Rmt7 hypothetical 
protein RMT-7 

3.327 (2.429 to 4.073) 1.102 (1.005 to 1.315) 

1386889_at Scd2 0.307 (0.18 to 0.476) 1.367 (1.261 to 1.602) 
1387280_a_at TA1 tumour-associated 

protein 1 
0.433 (0.226 to 0.697) 2.815 (2.293 to 3.199) 

1368540_at Tpbg trophoblast 
glycoprotein 

0.514 (0.458 to 0.59) 2.029 (1.962 to 2.126) 

1369108_at Trp63 transformation 
related protein 63 

0.57 (0.501 to 0.667) 4.042 (3.347 to 4.901) 

  
Treatment response 
1370365_at Gss glutathione 

synthetase 
0.876 (0.615 to 1.228) 2.74 (2.613 to 2.905) 

1388650_at Top2a 0.246 (0.0704 to 0.609) 0.866 (0.446 to 1.592) 
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5.1.4 Gene expression of MTLn3-induced tumours 
 
Information relating to functional grouping was found for 114 different genes in 

MTLn3-induced tumours. Genes with up-regulated expression belong mainly to  the 

category apoptosis, proliferation, invasion, metastasis and treatment response. 

Genes with down-regulated expression were found in the category mammary 

development and differentiation. Some genes are listed in different categories, 

reasons are given in the discussion. Genes are listed in Table 6. 

 

Table 6: Functional classes of genes in the MTLn3-induced tumour expression 
profile  
 
Affymetrix 
identifier 

Short name Gene name Virgin control 
mean (range) 

MTLn3-induced tumour 
mean (range) 

Extracellular matrix 
1371127_at Bmp1 procollagen C-

proteinase 3 
0.733 (0.532 to 0.99) 3.082 (2.499 to 3.802) 

1370927_at Col12a1 0.471 (0.399 to 0.546) 2.079 (1.728 to 2.501) 
1368541_at Emb embigin 0.373 (0.357 to 0.407) 1.749 (1.653 to 1.85) 
1367849_at Sdc1 syndecan 1 0.325 (0.277 to 0.377) 2.486 (2.476 to 2.496) 
1367721_at Sdc4 syndecan 4 0.602 (0.472 to 0.705) 2.161 (2.078 to 2.248) 
1367609_at Mif macrophage 

migration inhibitory 
factor 

0.641 (0.492 to 0.842) 2.343 (2.044 to 2.686) 

1386865_at Sparcl1 extracellular matrix 
protein 2 

2.005 (1.69 to 2.782) 0.392 (0.24 to 0.638) 

  
Growth factors and transcription factors 
1387813_at Erbb2 avian 

erythroblastosis 
viral (v-erb-B2) 
oncogene 
homologue 2 
(neuro/glioblastom
a derived 
oncogene 
homolog) 

0.471 (0.361 to 0.579) 1.878 (1.779 to 1.983) 

1368363_at Klf5 Kruppel-like factor 
5 (intestinal) 

0.466 (0.372 to 0.546) 2.319 (2.28 to 2.359) 

1367780_at Pttg1 pituitary tumour-
transforming 1 

0.518 (0.284 to 0.753) 3.446 (3.414 to 3.479) 

1387450_at Tgfa transforming 
growth factor, 
alpha 

0.451 (0.285 to 0.604) 12.49 (12.43 to 12.55) 

  
Transcription factors 
1387726_at Cdx2 CDX2 protein 0.885 (0.731 to 1) 4.482 (3.65 to 5.505) 
1388154_at E2f5 E2F-5 0.74 (0.641 to 0.928) 3.123 (2.937 to 3.32) 
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1369679_a_at NF1-A1 transcription factor 
NF1-A1 

1.757 (1.439 to 2.025) 0.569 (0.49 to 0.66) 

  
Angiogenesis  
1387952_a_at Cd44 glycoprotein 

CD44s 
0.307 (0.194 to 0.453) 2.022 (1.77 to 2.309) 

1368921_a_at Cd44 CD44 antigen 0.423 (0.29 to 0.576) 1.887 (1.648 to 2.16) 
1368290_at Cyr61 cysteine rich 

protein 61 
0.414 (0.166 to 0.814) 1.458 (1.43 to 1.487) 

1387111_at Ddah1 dimethylarginine 
dimethylaminohydr
olase 1 

0.228 (0.187 to 0.323) 1.382 (1.292 to 1.478) 

1370007_at Erp70 protein disulfide 
isomerase related 
protein (calcium-
binding protein, 
intestinal-related) 

0.587 (0.476 to 0.744) 2.758 (2.624 to 2.898) 

1368363_at Klf5 Kruppel-like factor 
5 (intestinal) 

0.466 (0.372 to 0.546) 2.319 (2.28 to 2.359) 

1370462_at Hmmr 0.539 (0.37 to 0.703) 3.812 (3.679 to 3.95) 
1370461_at Hmmr hyaluronan 

receptor RHAMM 
0.486 (0.363 to 0.783) 4.352 (4.228 to 4.479) 

1367849_at Sdc1 syndecan 1 0.325 (0.277 to 0.377) 2.486 (2.476 to 2.496) 
Antiangiogenic factors 
1369963_at Pafah1b3 platelet-activating 

factor 
acetylhydrolase, 
isoform 1b, alpha1 
subunit 

0.551 (0.412 to 0.716) 2.149 (2.146 to 2.152) 

  
Apoptosis  
1367457_at Becn1 beclin 1 0.646 (0.581 to 0.69) 2.279 (2.238 to 2.32) 
1369683_at BID apoptotic death 

agonist BID 
0.66 (0.35 to 0.943) 3.278 (2.895 to 3.712) 

1369441_at Capn5 calpain 5 0.708 (0.562 to 0.874) 2.142 (1.859 to 2.467) 
1369557_at Casp7 caspase-7 0.554 (0.401 to 0.686) 2.257 (1.975 to 2.579) 
1369262_at Casp8 caspase-8 0.813 (0.441 to 1.255) 2.465 (2.166 to 2.805) 
1387715_at Expi extracellular 

proteinase 
inhibitor 

0.0231 (0.0152 to 0.0349) 48.93 (42.57 to 56.25) 

1370695_s_at NIPK kinase 0.382 (0.249 to 0.477) 5.339 (4.979 to 5.725) 
1368940_at P2ry2 purinergic receptor 

P2Y, G-protein 
coupled 2 

0.522 (0.418 to 0.752) 2.436 (2.38 to 2.493) 

1368702_at Pawr induced by 
effectors of 
apoptosis 

0.452 (0.386 to 0.543) 1.888 (1.76 to 2.025) 

1368036_at Ptprf leukocyte common 
antigen related 
protein 

0.506 (0.413 to 0.596) 1.543 (1.365 to 1.746) 

1368035_a_at Ptprf leucocyte common 
antigen-related 
protein (LAR) 

0.449 (0.403 to 0.542) 1.486 (1.43 to 1.545) 

  
Antiapoptotic factors 
1368869_at Akap12 2.73 (2.299 to 3.387) 0.237 (0.205 to 0.274) 
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1368868_at Akap12 A kinase (PRKA) 
anchor protein 
(gravin) 12 

2.249 (1.89 to 2.854) 0.512 (0.366 to 0.717) 

1368799_at Birc5 baculoviral IAP 
repeat-containing 
5 (survivin) 

0.495 (0.312 to 0.648) 8.445 (6.933 to 10.29) 

1368330_at Ded apoptosis 
antagonizing 
transcription factor

0.791 (0.705 to 0.903) 2.95 (2.605 to 3.341) 

  
Proliferation and mitosis 
1370071_at Ada adenosine 

deaminase 
0.897 (0.762 to 1) 2.749 (2.685 to 2.815) 

1369971_a_at auf1 RNA binding 
protein p42 AUF1 

0.77 (0.499 to 1.014) 2.747 (2.603 to 2.898) 

1369415_at Bhlhb2 basic helix-loop-
helix domain 
containing, class 
B2 

0.276 (0.245 to 0.34) 3.85 (3.722 to 3.982) 

1370294_a_at Cdc20 p55CDC 0.562 (0.432 to 0.656) 3.699 (3.597 to 3.805) 
1387895_s_at Cdc20 p55CDC 0.511 (0.377 to 0.795) 4.591 (4.455 to 4.731) 
1387726_at Cdx2 CDX2 protein 0.885 (0.731 to 1) 4.482 (3.65 to 5.505) 
1399162_a_at DDB1 damage-specific 

DNA binding 
protein 1 

0.692 (0.601 to 0.815) 2.217 (2.032 to 2.42) 

1368330_at Ded apoptosis 
antagonizing 
transcription factor

0.791 (0.705 to 0.903) 2.95 (2.605 to 3.341) 

1367983_at Fen1 flap structure-
specific 
endonuclease 

0.726 (0.519 to 0.893) 3.211 (3.05 to 3.381) 

1387160_at Kcne3 mink-related 
peptide 2 

0.607 (0.565 to 0.655) 1.908 (1.87 to 1.947) 

1371074_a_at Mcmd6 intestinal DNA 
replication protein 

0.598 (0.304 to 1.104) 2.805 (2.752 to 2.859) 

1369409_at Nab1 Ngfi-A binding 
protein 1 

0.687 (0.658 to 0.708) 2.073 (1.905 to 2.257) 

1369679_a_at NF1-A1 transcription factor 
NF1-A1 

1.757 (1.439 to 2.025) 0.569 (0.49 to 0.66) 

1368488_at Nfil3 nuclear factor, 
interleukin 3, 
regulated 

0.784 (0.734 to 0.819) 2.979 (2.875 to 3.085) 

1368033_at Nopp140 0.792 (0.57 to 0.976) 6.035 (5.711 to 6.377) 
1368032_at Nopp140 Nopp140 0.657 (0.523 to 0.799) 3.861 (3.633 to 4.104) 
1368031_at Nopp140 nucleolar 

phosphoprotein 
p130 

0.943 (0.771 to 1.123) 3.003 (2.865 to 3.148) 

1368940_at P2ry2 purinergic receptor 
P2Y, G-protein 
coupled 2 

0.522 (0.418 to 0.752) 2.436 (2.38 to 2.493) 

1370297_at plk polo like kinase 0.629 (0.419 to 0.811) 3.149 (3.134 to 3.165) 
1367780_at Pttg1 pituitary tumour-

transforming 1 
0.518 (0.284 to 0.753) 3.446 (3.414 to 3.479) 

1367849_at Sdc1 syndecan 1 0.325 (0.277 to 0.377) 2.486 (2.476 to 2.496) 
1386857_at Stmn1 stathmin 1 0.415 (0.267 to 0.667) 1.964 (1.717 to 2.248) 
1387450_at Tgfa transforming 

growth factor, 
alpha 

0.451 (0.285 to 0.604) 12.49 (12.43 to 12.55) 
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1368522_at Timeless timeless 
(Drosophila) 
homolog 

0.724 (0.625 to 0.858) 2.541 (2.441 to 2.646) 

1367712_at Timp1 tissue inhibitor of 
metalloproteinase 
1 

0.449 (0.394 to 0.484) 1.667 (1.482 to 1.877) 

1372186_a_at Top2a 0.372 (0.15 to 1.053) 7.962 (7.811 to 8.115) 
1388650_at Top2a 0.246 (0.0704 to 0.609) 5.275 (5.113 to 5.442) 
1386958_at Txnrd1 thioredoxin 

reductase 
0.481 (0.457 to 0.527) 3.723 (3.597 to 3.853) 

1398791_at Txnrd1 thioredoxin 
reductase 1 

0.609 (0.479 to 0.726) 2.693 (2.54 to 2.855) 

  
Mitosis  
1368799_at Birc5 baculoviral IAP 

repeat-containing 
5 (survivin) 

0.495 (0.312 to 0.648) 8.445 (6.933 to 10.29) 

1370346_at Ccnb1 cyclin B 0.394 (0.176 to 0.75) 4.564 (4.563 to 4.565) 
1370345_at Ccnb1 cyclin B 0.513 (0.284 to 0.704) 7.461 (7.28 to 7.646) 
1370294_a_at Cdc20 p55CDC 0.562 (0.432 to 0.656) 3.699 (3.597 to 3.805) 
1387895_s_at Cdc20 p55CDC 0.511 (0.377 to 0.795) 4.591 (4.455 to 4.731) 
1367776_at Cdc2a cell division cycle 

2 homolog A 
0.258 (0.173 to 0.455) 3.387 (3.113 to 3.686) 

1369018_at Foxm1 forkhead box M1 0.25 (0.077 to 0.476) 3.237 (2.945 to 3.558) 
1367676_at Hmgb2 high mobility group 

box 2 
0.507 (0.238 to 0.795) 2.119 (1.924 to 2.335) 

1370462_at Hmmr 0.539 (0.37 to 0.703) 3.812 (3.679 to 3.95) 
1370461_at Hmmr hyaluronan 

receptor RHAMM 
0.486 (0.363 to 0.783) 4.352 (4.228 to 4.479) 

1369637_at Kif3c kinesin family 
member 3C 

0.54 (0.53 to 0.555) 1.877 (1.699 to 2.075) 

1367683_at Kpna2 karyopherin 
(importin) alpha 2 

0.52 (0.4 to 0.612) 4.056 (3.906 to 4.212) 

1368573_at Kpnb1 karyopherin,beta 1 0.612 (0.351 to 0.969) 2.906 (2.579 to 3.276) 
1372550_at Kpnb1 0.7 (0.606 to 0.889) 2.796 (2.373 to 3.293) 
1368055_a_at Lmna 0.774 (0.664 to 0.855) 2.376 (2.341 to 2.411) 
1368811_at Lmnb1 lamin B1 0.602 (0.328 to 0.893) 2.996 (2.832 to 3.17) 
1368033_at Nopp140 0.792 (0.57 to 0.976) 6.035 (5.711 to 6.377) 
1368032_at Nopp140 Nopp140 0.657 (0.523 to 0.799) 3.861 (3.633 to 4.104) 
1368031_at Nopp140 nucleolar 

phosphoprotein 
p130 

0.943 (0.771 to 1.123) 3.003 (2.865 to 3.148) 

1368929_at Npl4 homolog of yeast 
nuclear protein 
localization 4 

0.697 (0.657 to 0.72) 2.093 (1.828 to 2.397) 

1398756_at Npm1 nucleophosmin 1 0.705 (0.567 to 0.851) 3.242 (3.091 to 3.4) 
1387151_at Nup107 nuclear pore 

complex protein 
0.619 (0.419 to 0.903) 2.751 (2.733 to 2.768) 

1370297_at plk polo like kinase 0.629 (0.419 to 0.811) 3.149 (3.134 to 3.165) 
1376039_at Stk6 0.4 (0.318 to 0.516) 2.656 (2.486 to 2.837) 
1370809_at Tubg1 tubulin 0.652 (0.498 to 0.865) 2.549 (2.459 to 2.643) 
1369617_at Ube2n ubiquitin-

conjugating 
enzyme E2N 
(homologous to 

0.716 (0.558 to 0.909) 4.113 (3.759 to 4.5) 
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yeast UBC13) 

  
Prevention of mitotic entry 
1387062_a_at Chek1 checkpoint kinase 

1 homolog 
0.477 (0.361 to 0.814) 2.487 (2.213 to 2.795) 

1368963_at Mxi1 max interacting 
protein 1 

0.456 (0.401 to 0.49) 1.412 (1.093 to 1.823) 

  
Invasion and metastasis 
1387043_at C4.4a GPI-anchored 

metastasis-
associated protein 
homolog 

0.433 (0.38 to 0.545) 4.287 (3.947 to 4.657) 

1387952_a_at Cd44 glycoprotein 
CD44s 

0.307 (0.194 to 0.453) 2.022 (1.77 to 2.309) 

1368921_a_at Cd44 CD44 antigen 0.423 (0.29 to 0.576) 1.887 (1.648 to 2.16) 
1387715_at Expi extracellular 

proteinase 
inhibitor 

0.0231 (0.0152 to 0.0349) 48.93 (42.57 to 56.25) 

1370462_at Hmmr 0.539 (0.37 to 0.703) 3.812 (3.679 to 3.95) 
1370461_at Hmmr hyaluronan 

receptor RHAMM 
0.486 (0.363 to 0.783) 4.352 (4.228 to 4.479) 

1367586_at Ldha lactate 
dehydrogenase A 

0.753 (0.65 to 0.839) 2.508 (2.419 to 2.6) 

1370323_at metalloendope
ptidase 

metalloendopeptid
ase 

0.499 (0.401 to 0.61) 2.012 (1.962 to 2.064) 

1368530_at Mmp12 matrix 
metalloproteinase 
12 

0.212 (0.185 to 0.254) 1.539 (1.461 to 1.62) 

1368657_at Mmp3 matrix 
metalloproteinase 
3 

0.139 (0.0994 to 0.205) 2.362 (2.143 to 2.604) 

1387675_at Plau urikinase-type 
plasminogen 
activator 

0.872 (0.663 to 1.318) 3.335 (3.207 to 3.468) 

1398287_at Plau urinary 
plasminogen 
activator, 
urokinase 

1.042 (0.772 to 1.576) 5.141 (4.836 to 5.467) 

1387269_s_at Plaur urokinase receptor 0.628 (0.624 to 0.631) 2.062 (2.027 to 2.097) 
1368226_at Rcl putative c-Myc-

responsive 
0.751 (0.481 to 1.17) 3.119 (2.931 to 3.319) 

1387081_at Rcn2 reticulocalbin 2 0.578 (0.528 to 0.608) 1.809 (1.641 to 1.994) 
1367712_at Timp1 tissue inhibitor of 

metalloproteinase 
1 

0.449 (0.394 to 0.484) 1.667 (1.482 to 1.877) 

1367823_at Timp2 1.831 (1.571 to 2.434) 0.504 (0.449 to 0.566) 
1389836_a_at Timp3 1.44 (1.073 to 2.276) 0.121 (0.117 to 0.125) 
1375138_at Timp3 1.335 (1 to 1.73) 0.211 (0.178 to 0.249) 
1372926_at Timp3 1.4 (1.098 to 1.864) 0.182 (0.158 to 0.21) 
1368989_at Timp3 tissue inhibitor of 

metalloproteinase 
3 

1.407 (1.024 to 1.858) 0.286 (0.274 to 0.299) 

1388204_at UMRCase collagenase 0.27 (0.162 to 0.388) 17.45 (11.55 to 26.37) 
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Mammary development and differentiation 
1388183_at Csn1 casein, alpha 9.553 (8.941 to 10.32) 0.0686 (0.0533 to 0.0882) 
1369591_at Csn10 casein kappa 25.38 (21.94 to 32.58) 0.0702 (0.0541 to 0.0912) 
1368913_at Csn2 casein beta 60.8 (36.19 to 96.16) 0.78 (0.554 to 1.098) 
1388155_at Krt1-18 2.472 (2.317 to 2.755) 0.0849 (0.0676 to 0.107) 
1370863_at Krt2-5 1.051 (0.773 to 1.503) 0.0992 (0.0787 to 0.125) 
1387838_at Lalba lactalbumin, alpha 11.74 (8.796 to 14.62) 0.113 (0.0781 to 0.162) 
1370384_a_at PRL receptor prolactin receptor 14.13 (12.2 to 15.8) 0.352 (0.268 to 0.461) 
1370789_a_at Prlr lactogen receptor 3.838 (2.74 to 4.681) 0.561 (0.511 to 0.615) 
1387751_at Wap whey acidic 

protein 
49.47 (17.65 to 95.95) 0.137 (0.111 to 0.169) 

  
Metabolism  
Cholesterol synthesis 
1387020_at Cyp51 0.898 (0.8 to 1) 4.366 (3.76 to 5.07) 
1367979_s_at Cyp51 cytochrome P450, 

subfamily 51 
0.758 (0.716 to 0.806) 5.154 (4.755 to 5.588) 

1367839_at Fdft1 farnesyl 
diphosphate 
farnesyl 
transferase 1 

0.79 (0.635 to 0.974) 2.457 (2.219 to 2.721) 

1367667_at Fdps testis-specific 
farnesyl 
pyrophosphate 
synthetase 

0.651 (0.548 to 0.908) 3.65 (3.209 to 4.151) 

1387848_at Hmgcr 3-hydroxy-3-
methylglutaryl-
Coenzyme A 
reductase 

0.551 (0.409 to 0.683) 3.495 (3.218 to 3.795) 

1375852_at Hmgcr 0.739 (0.618 to 0.839) 2.902 (2.884 to 2.921) 
1367932_at Hmgcs1 3-hydroxy-3-

methylglutaryl-
Coenzyme A 
synthase 1 

0.936 (0.812 to 1.086) 3.719 (3.643 to 3.797) 

1368086_a_at Lss 2,3-
oxidosqualene:lan
osterol cyclase 

0.237 (0.15 to 0.446) 7.869 (7.052 to 8.781) 

1368275_at Sc4mol sterol-C4-methyl 
oxidase-like 

0.575 (0.506 to 0.642) 3.597 (3.321 to 3.895) 

1387017_at Sqle squalene 
epoxidase 

0.155 (0.0536 to 0.273) 4.498 (4.151 to 4.874) 

  
Glycolysis  
1369006_at Hk2 hexokinase 2 0.975 (0.853 to 1.075) 5.072 (4.73 to 5.439) 
1386864_at Pgam1 Phosphoglycerate 

mutase 1 
0.76 (0.678 to 0.809) 2.292 (2.258 to 2.326) 

1387361_s_at Pgk1 phosphoglycerate 
kinase 1 

0.728 (0.705 to 0.755) 3.534 (3.53 to 3.537) 

1369931_at Pkm2 pyruvate kinase, 
muscle 

0.532 (0.473 to 0.605) 2.371 (2.364 to 2.377) 

1367603_at Tpi1 triosephosphate 
isomerase 1 

0.837 (0.723 to 1.021) 2.974 (2.935 to 3.014) 

  
Fermentation  
1367586_at Ldha lactate 0.753 (0.65 to 0.839) 2.508 (2.419 to 2.6) 
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dehydrogenase A 
  

Tumour marker 
1370131_at Cav caveolin 1 alpha 2.363 (1.702 to 3.29) 0.462 (0.347 to 0.617) 

  
HIF-target genes 
1387219_at Adm adrenomedullin 

precursor 
0.977 (0.947 to 1) 12.93 (9.692 to 17.25) 

1367575_at Eno1 enolase 1, alpha 0.685 (0.643 to 0.747) 2.209 (2.154 to 2.266) 
1369006_at Hk2 hexokinase 2 0.975 (0.853 to 1.075) 5.072 (4.73 to 5.439) 
1370080_at Hmox1 Heme oxygenase 0.802 (0.567 to 1.248) 4.076 (3.442 to 4.826) 
1367586_at Ldha lactate 

dehydrogenase A 
0.753 (0.65 to 0.839) 2.508 (2.419 to 2.6) 

1387361_s_at Pgk1 phosphoglycerate 
kinase 1 

0.728 (0.705 to 0.755) 3.534 (3.53 to 3.537) 

1369931_at Pkm2 pyruvate kinase, 
muscle 

0.532 (0.473 to 0.605) 2.371 (2.364 to 2.377) 

1387269_s_at Plaur urokinase receptor 0.628 (0.624 to 0.631) 2.062 (2.027 to 2.097) 
1387450_at Tgfa transforming 

growth factor, 
alpha 

0.451 (0.285 to 0.604) 12.49 (12.43 to 12.55) 

1371113_a_at transferrin 
receptor 

transferrin 
receptor 

0.762 (0.575 to 0.934) 2.925 (2.796 to 3.061) 

  
1387813_at Erbb2 avian 

erythroblastosis 
viral (v-erb-B2) 
oncogene 
homologue 2 
(neuro/glioblastom
a derived 
oncogene 
homolog) 

0.471 (0.361 to 0.579) 1.878 (1.779 to 1.983) 

1369218_at Met met proto-onco 0.62 (0.548 to 0.724) 2.917 (2.583 to 3.295) 
  

Myc- interactions 
1367584_at Anxa2 calpactin I heavy 

chain 
0.604 (0.467 to 0.7) 2.274 (2.083 to 2.481) 

1369971_a_at auf1 RNA binding 
protein p42 AUF1 

0.77 (0.499 to 1.014) 2.747 (2.603 to 2.898) 

1367586_at Ldha lactate 
dehydrogenase A 

0.753 (0.65 to 0.839) 2.508 (2.419 to 2.6) 

1368963_at Mxi1 max interacting 
protein 1 

0.456 (0.401 to 0.49) 1.412 (1.093 to 1.823) 

1368226_at Rcl putative c-Myc-
responsive 

0.751 (0.481 to 1.17) 3.119 (2.931 to 3.319) 

1368627_at Rgn regucalcin 1.012 (0.838 to 1.136) 20.23 (19.65 to 20.83) 
  

1370806_at Rmt7 hypothetical 
protein RMT-7 

3.327 (2.429 to 4.073) 0.475 (0.439 to 0.514) 

1368540_at Tpbg trophoblast 
glycoprotein 

0.514 (0.458 to 0.59) 1.635 (1.424 to 1.876) 

  
Treatment response 
1370346_at Ccnb1 cyclin B 0.394 (0.176 to 0.75) 4.564 (4.563 to 4.565) 
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1370345_at Ccnb1 cyclin B 0.513 (0.284 to 0.704) 7.461 (7.28 to 7.646) 
1368290_at Cyr61 cysteine rich 

protein 61 
0.414 (0.166 to 0.814) 1.458 (1.43 to 1.487) 

1387813_at Erbb2 avian 
erythroblastosis 
viral (v-erb-B2) 
oncogene 
homologue 2 
(neuro/glioblastom
a derived 
oncogene 
homolog) 

0.471 (0.361 to 0.579) 1.878 (1.779 to 1.983) 

1398756_at Npm1 nucleophosmin 1 0.705 (0.567 to 0.851) 3.242 (3.091 to 3.4) 
1387361_s_at Pgk1 phosphoglycerate 

kinase 1 
0.728 (0.705 to 0.755) 3.534 (3.53 to 3.537) 

1371139_at Pls3 T-plastin 0.564 (0.539 to 0.608) 1.698 (1.45 to 1.989) 
1368254_a_at sphk1c sphingosine 

kinase 1c 
0.475 (0.366 to 0.738) 1.716 (1.584 to 1.858) 
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5.2 Immunohistochemistry 
 
Immunohistochemical analysis of the fibroadenomas showed oestrogen and 

progesterone receptor staining in the epithelium.  

Epithelial tumour cells of spontaneous adenocarcinoma showed positivity for 

progesterone receptor, but only the tumour of animal 53 showed positive staining 

for oestrogen receptor. 

The DMBA-induced adenocarcinomas were positive for both progesterone and 

oestrogen-receptor in epithelial cells (Figure 1 and 2). 

In fibroadenomas NSE and Thy-1 expression was found on stromal cells, Thy-1 

additionally on endothelia (Figure 3 and 4). 

The metastasis marker CD44 was strongly expressed on tumour cell borders of the 

MTLn3-cells (Figure 5) and on a few epithelial cells of DMBA-induced 

adenocarcinomas. The MTLn3-cells were showing positivity both for vimentin and 

cytokeratin.  

Table 7: Results of immunohistochemical staining of progestrone receptor,  

 oestrogen receptor, vimentin and pancytokeratin  

Tumour group PR ER Vimentin Pancytokeratin 
Fibroadenoma epithelium: 

PR+ epithelium: 
ER+ vimentin: 

fibroblasts+
epithelium: 
pancytokeratin+

Spontanous 
adenokarcinoma epithelium: 

PR+ epithelium: 
ER+/- not 

performed 
not performed 

DMBA-model epithelium: 
PR+ epithelium: 

ER+ not 
performed

not performed 
MTLn3-model epithelium: PR- epithelium: ER- tumour 

cells: 
vimentin+ 

tumour cells: 
pancytokeratin+

PR: progesterone receptor, ER: Oestrogen receptor, +: positive staining, +/-: 
positive staining only in one tumour, -: no positive staining observed  
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5.3 RT-QPCR  
 
Real-time PCR confirmed the over-expression of FGF-3 in spontaneous 

adenocarcinomas and RMT-1 in DMBA- induced adenocarcinomas. Table 8 to 

13 show the expression of RMT-1 and FGF-3 compared to three different house-

keeping genes (18s, beta2-microglobulin, glucuronidase). 
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Table 8: RT-QPCR results of RMT-1, 18s 
  18s RMT-1   

Group Animal Nr. Value Value Ratio*1e7 Mean 
      
 11 7.5E+08 5.8E+03 77.24  
  7.8E+08 5.2E+03 65.88 7.16E+01 
 21 8.7E+08 8.4E+03 95.90  

Spontaneous 
benign tumours 

 1.0E+09 8.1E+03 79.21 8.76E+01 

 39 4.1E+08 8.5E+02 20.75  
  4.0E+08 7.6E+02 18.94 1.98E+01 
 1 1.7E+09 6.4E+02 3.81  
  1.9E+09 6.8E+02 3.58 3.70E+00 
 48 1.7E+09 3.4E+04 197.99  

Spontaneous 
malignant tumours 

 1.7E+09 3.3E+04 197.41 1.98E+02 

 53 1.8E+08 2.6E+04 1433.22  
  2.0E+08 3.7E+04 1813.20 1.62E+03 
 65C 1.0E+09 4.5E+06 44092.61  
  1.1E+09 5.0E+06 45602.38 4.48E+04 

DMBA 76B 1.3E+09 1.3E+06 9629.10  
Induced malignant 

tumours 
 1.0E+09 1.1E+06 10993.98 1.03E+04 

20 mg 86C 9.7E+08 7.2E+05 7391.41  
  1.0E+09 7.5E+05 7265.65 7.33E+03 
 M1/4 6.0E+07 undetermined   

MTLn3  6.2E+07 1.9E+02 30.80 3.08E+01 
Induced malignant 

metastasizing 
tumours 

M1/5 1.2E+09 1.4E+02 1.15  

  1.2E+09 undetermined  1.15E+00 
 V1 2.6E+08 5.0E+03 192.57  
  2.6E+08 3.8E+03 141.90 1.67E+02 

Control V2 1.2E+08 5.0E+03 432.63  
Control Virgin  1.3E+08 7.0E+03 547.41 4.90E+02 

 V3 4.4E+08 2.0E+03 46.68  
  4.4E+08 2.9E+03 65.73 5.62E+01 
 Pl1 1.8E+08 2.9E+02 16.14  
  1.8E+08 2.6E+02 14.13 1.51E+01 

Control post 
lactating 

Pl2 2.4E+08 6.1E+02 25.46  

  2.5E+08 4.8E+02 19.33 2.24E+01 
 Pl3 8.4E+07 5.5E+02 65.17  
  8.3E+07 6.2E+02 74.96 7.01E+01 
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Table 9: RT-QPCR results of FGF-3, 18s 
  18s FGF3   

Group Animal Nr. Value Value Ratio*1e7 Mean 
      
 11 7.5E+08 5.4E+02 7.25  
  7.8E+08 undetermined  7.25E+00 

Control 21 8.7E+08 undetermined   
Spontaneous 

benign tumours 
 1.0E+09 undetermined   

 39 4.1E+08 4.9E+02 11.94  
  4.0E+08 3.0E+02 7.50 9.72E+00 
 1 1.7E+09 1.5E+06 8939.38  
  1.9E+09 1.5E+06 7980.19 8.46E+03 

Control 48 1.7E+09 8.1E+06 47103.87  
Spontaneous 

malignant tumours 
 1.7E+09 8.2E+06 49469.75 4.83E+04 

 53 1.8E+08 8.8E+05 48259.07  
  2.0E+08 9.4E+05 46323.47 4.73E+04 
 65C 1.0E+09 4.8E+03 47.09  
  1.1E+09 5.0E+03 45.46 4.63E+01 

DMBA 76B 1.3E+09 1.8E+03 13.95  
Induced malignant 

tumours 
 1.0E+09 2.6E+03 24.61 1.93E+01 

20 mg 86C 9.7E+08 2.9E+03 29.76  
  1.0E+09 3.7E+03 35.97 3.29E+01 
 M1/4 6.0E+07 undetermined   

MTLn3  6.2E+07 undetermined   
Induced malignant 

metastasizing 
tumours 

M1/5 1.2E+09 undetermined   

0 mg  1.2E+09 undetermined   
 V1 2.6E+08 2.0E+02 7.60  
  2.6E+08 undetermined  7.60E+00 
 V2 1.2E+08 undetermined   

Control Virgin  1.3E+08 5.6E+02 43.30 4.33E+01 
 V3 4.4E+08 3.1E+02 7.17  
  4.4E+08 3.0E+02 6.76 6.96E+00 
 Pl1 1.8E+08 2.7E+02 15.11  
  1.8E+08 2.7E+02 14.64 1.49E+01 

Control Post-
lactating 

Pl2 2.4E+08 undetermined   

  2.5E+08 undetermined   
 Pl3 8.4E+07 undetermined   
  8.3E+07 undetermined   
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Table 10: RT-QPCR results of RMT-1, Glucominidase 
  Glucominidas

e 
RMT-1   

Group Animal Nr. Value Value Ratio*1e3 Mean 
      
 11 4.2E+05 4.5E+03 10.56  
  4.6E+05 4.0E+03 8.66 9.61E+00 

Control 21 2.9E+05 6.4E+03 22.23  
Spontaneous 

benign tumours 
 2.7E+05 6.2E+03 22.63 2.24E+01 

 39 2.0E+05 6.8E+02 3.43  
  1.8E+05 6.1E+02 3.46 3.44E+00 
 1 6.1E+05 5.1E+02 0.85  
  5.8E+05 5.5E+02 0.94 8.95E-01 

Control 48 6.5E+05 2.6E+04 39.41  
Spontaneous 

malignant tumours 
 6.3E+05 2.5E+04 39.10 3.93E+01 

 53 2.5E+05 2.0E+04 79.56  
  2.5E+05 2.7E+04 110.14 9.48E+01 
 65C 3.7E+05 3.1E+06 8445.69  
  4.1E+05 3.4E+06 8360.50 8.40E+03 

DMBA 76B 3.2E+05 8.9E+05 2787.21  
Induced malignant 

tumours 
 3.5E+05 8.1E+05 2312.58 2.55E+03 

20 mg 86C 3.2E+05 5.1E+05 1569.41  
  3.3E+05 5.3E+05 1605.93 1.59E+03 

Control M1/4 4.2E+04 undetermined   
Nacl 0.9%  3.9E+04 1.6E+02 3.99 3.99E+00 

Induced malignant 
metastasizing 

tumours 

M1/5 5.1E+05 1.1E+02 0.22  

0 mg  4.4E+05 undetermined  2.20E-01 
 V1 2.1E+05 3.9E+03 18.37  
  1.9E+05 2.9E+03 15.65 1.70E+01 

Control V2 2.5E+05 3.9E+03 15.32  
Control Virgin  2.6E+05 5.4E+03 20.96 1.81E+01 

 V3 2.8E+05 1.6E+03 5.78  
  2.9E+05 2.3E+03 7.86 6.82E+00 
 Pl1 1.2E+04 2.3E+02 19.30  
  1.1E+04 2.1E+02 18.36 1.88E+01 

Control Pl2 4.7E+04 4.9E+02 10.29  
Post-lactating  4.7E+04 3.9E+02 8.22 9.26E+00 

 Pl3 6.7E+04 4.4E+02 6.51  
  6.3E+04 5.0E+02 7.94 7.23E+00 
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Table 11: RT-QPCR results of FGF-3, Glucominidase 
  Glucominidas

e 
FGF3   

Group Animal Nr. Value Value Ratio*1e4 Mean 
      
 11 4.2E+05 4.4E+02 10.32  
  4.6E+05 undetermined  1.03E+01 

Control 21 2.9E+05 undetermined   
Spontaneous 

benign tumours 
 2.7E+05 undetermined   

 39 2.0E+05 3.9E+02 19.91  
  1.8E+05 2.5E+02 13.89 1.69E+01 
 1 6.1E+05 1.1E+06 17401.69  
  5.8E+05 1.1E+06 18444.23 1.79E+04 

Control 48 6.5E+05 5.5E+06 85390.17  
Spontaneous 

malignant tumours 
 6.3E+05 5.6E+06 89166.36 8.73E+04 

 53 2.5E+05 6.2E+05 25226.69  
  2.5E+05 6.6E+05 26622.78 2.59E+04 
 65C 3.7E+05 3.7E+03 101.38  
  4.1E+05 3.9E+03 93.78 9.76E+01 

DMBA 76B 3.2E+05 1.4E+03 45.14  
Induced malignant 

tumours 
 3.5E+05 2.0E+03 57.44 5.13E+01 

20 mg 86C 3.2E+05 2.3E+03 69.44  
  3.3E+05 2.9E+03 87.04 7.82E+01 

Control M1/4 4.2E+04 undetermined   
Nacl 0.9%  3.9E+04 undetermined   

Induced malignant 
metastasizing 

tumours 

M1/5 5.1E+05 undetermined   

0 mg  4.4E+05 undetermined   
 V1 2.1E+05 1.6E+02 7.67  
  1.9E+05 undetermined  7.67E+00 

Control V2 2.5E+05 undetermined   
Control Virgin  2.6E+05 4.5E+02 17.32 1.73E+01 

 V3 2.8E+05 2.6E+02 9.17  
  2.9E+05 2.4E+02 8.40 8.79E+00 
 Pl1 1.2E+04 2.2E+02 180.97  
  1.1E+04 2.2E+02 190.06 1.86E+02 

Control Pl2 4.7E+04 undetermined   
Post-lactating  4.7E+04 undetermined   

 Pl3 6.7E+04 undetermined   
  6.3E+04 undetermined   
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Table 12: RT-QPCR results of RMT-1, beta2-microglobulin 
  b2 micro RMT-1   

Group Animal Nr. Value Value Ratio*1e5 Mean 
      
 11 5.3E+07 6.3E+03 11.95  
  5.3E+07 5.6E+03 10.56 1.13E+01 

Control 21 3.0E+07 9.2E+03 30.61  
Spontaneous 

benign tumours 
 4.4E+07 8.9E+03 20.06 2.53E+01 

 39 2.6E+07 8.8E+02 3.34  
  2.8E+07 7.9E+02 2.80 3.07E+00 
 1 1.5E+08 6.6E+02 0.44  
  1.3E+08 7.0E+02 0.54 4.93E-01 

Control 48 1.8E+08 3.9E+04 22.17  
Spontaneous 

malignant tumours 
 1.5E+08 3.7E+04 24.20 2.32E+01 

 53 8.9E+07 3.0E+04 33.20  
  8.5E+07 4.2E+04 49.50 4.14E+01 
 65C 1.6E+08 5.8E+06 3627.72  
  1.4E+08 6.5E+06 4784.54 4.21E+03 

DMBA 76B 5.9E+07 1.6E+06 2680.01  
Induced malignant 

tumours 
 6.1E+07 1.4E+06 2349.80 2.51E+03 

20 mg 86C 5.9E+07 8.8E+05 1503.03  
  5.9E+07 9.3E+05 1583.49 1.54E+03 

Control M1/4 3.5E+06 0.0E+00 0.00  
Nacl 0.9%  3.5E+06 1.9E+02 5.51 2.75E+00 

Induced malignant 
metastasizing 

tumours 

M1/5 6.2E+07 1.3E+02 0.21  

0 mg  7.5E+07 0.0E+00 0.00 1.07E-01 
 V1 4.8E+07 5.4E+03 11.16  
  4.4E+07 4.0E+03 9.16 1.02E+01 

Control V2 6.5E+07 5.4E+03 8.43  
Control Virgin  6.3E+07 7.7E+03 12.23 1.03E+01 

 V3 7.3E+07 2.2E+03 2.99  
  5.9E+07 3.1E+03 5.31 4.15E+00 
 Pl1 1.8E+06 2.9E+02 16.38  
  1.6E+06 2.6E+02 16.56 1.65E+01 

Control Pl2 7.3E+06 6.2E+02 8.53  
Post-lactating  7.4E+06 4.9E+02 6.62 7.57E+00 

 Pl3 1.1E+07 5.6E+02 5.13  
  1.1E+07 6.4E+02 5.80 5.46E+00 
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Table 13: RT-QPCR results of FGF-3, beta2-microglobulin 
  b2 micro FGF3   

Group Animal Nr. Value Value Ratio*1e6 Mean 
      
 11 5.3E+07 5.6E+02 10.53  
  5.3E+07 undetermined  1.05E+01 
 21 3.0E+07 undetermined   

Spontaneous 
benign tumours 

 4.4E+07 undetermined   

 39 2.6E+07 5.0E+02 18.97  
  2.8E+07 3.1E+02 10.80 1.49E+01 
 1 1.5E+08 1.9E+06 12701.59  
  1.3E+08 1.9E+06 14853.40 1.38E+04 

Control 48 1.8E+08 1.1E+07 60915.93  
Spontaneous 

malignant tumours 
 1.5E+08 1.1E+07 70139.47 6.55E+04 

 53 8.9E+07 1.1E+06 12262.22  
  8.5E+07 1.2E+06 13772.44 1.30E+04 
 65C 1.6E+08 5.2E+03 32.36  
  1.4E+08 5.4E+03 39.77 3.61E+01 

DMBA 76B 5.9E+07 1.9E+03 32.69  
Induced malignant 

tumours 
 6.1E+07 2.7E+03 44.79 3.87E+01 

20 mg 86C 5.9E+07 3.1E+03 52.35  
  5.9E+07 4.0E+03 68.17 6.03E+01 

Control M1/4 3.5E+06 undetermined   
Nacl 0.9%  3.5E+06 undetermined   

Induced malignant 
metastasizing 

tumours 

M1/5 6.2E+07 undetermined   

0 mg  7.5E+07 undetermined   
 V1 4.8E+07 2.0E+02 4.05  
  4.4E+07 undetermined  4.05E+00 

Control V2 6.5E+07 undetermined   
Control Virgin  6.3E+07 5.7E+02 9.05 9.05E+00 

 V3 7.3E+07 3.2E+02 4.36  
  5.9E+07 3.0E+02 5.14 4.75E+00 
 Pl1 1.8E+06 2.7E+02 153.16  
  1.6E+06 2.7E+02 171.69 1.62E+02 

Control Pl2 7.3E+06 undetermined   
Post-lactating  7.4E+06 undetermined   

 Pl3 1.1E+07 undetermined   
  1.1E+07 undetermined   
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6 Discussion 
 
 
6.1 Interpretation of gene expression in different tumour 

groups 
 

6.1.1 Fibroadenoma 
 

6.1.1.1 Extracellular matrix 
6.1.1.1.1 Collagen synthesis 
Extracellular steps in collagen synthesis require the presence of Procollagen C-
proteinase and procollagen N-proteinase as well as Lysyl oxidase. 

Procollagen C proteinase, its enhancer protein Pcolce and Lysyl oxidase 

were up regulated. Lysyl oxidase requires copper as an essential cofactor, which 

might explain the up - regulation of a Copper transporter (Slc31a1). The 

collagens found are Col1a1, Col1a2, Col5a1 which occur in skin and form fibrils 

with each other (Alberts, 1994). Lumican is a major component of dermal 

connective tissues and necessary for the development of orderly collagen fibrils 

(Chakravarti, 1998). Osteonectin is a downstream target of TGFbeta1 and can 

induce the expression of Col1a2 (Zhou et al. 2005). Tnmd has been found in 

dense connective tissue of tendons and is involved in the maturation of collagen 

fibrils (Docheva et al. 2005).  

6.1.1.1.2 Fibroblasts 
Dec1 (BHLHB2)/Stra13/Sharp2, a basic helix-loop-helix (bHLH) transcription 

factor has been suggested to be involved in the control of proliferation and/or 

differentiation of several cells including fibroblasts. (Shen et al. 2001). Expression 

of Fibroblast activation protein (Fap) is highly specific for tumour fibroblasts in 

reactive stroma of cancer (Garin- Chesa et al. 1990). Thymus cell surface 
antigen 1 (Thy-1) expression on fibroblasts promotes focal adhesion and actin 

stress fibre formation and inhibits migration. These fibroblasts maintain continuity 
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with the surrounding layer and spread rather than migrate (Barker et al.  2004). 

Tdag51 is implicated in the senescence of mammary fibroblasts (Hardy et al.  

2005). Egr-2 is regulated by fibroblast mitogens (Joseph et al.  1988).  

6.1.1.1.3 ECM homeostasis 
Cathepsin K has been described in fibrotic lesions in the lung, and has 

degrading activities against ECM (Brubaker 2003). Igf-2 has been described as 

over- expressed in the stroma of human fibroadenomas (Sawyer et al.  2003). 

Interleukin-1 receptor 2 inhibits the catabolic actions of interleukin 1 and 

controls ECM homeostasis (Wang et al.  2003). 

 

6.1.1.2 Growth factors 

Egr-2 is regulated by fibroblast mitogens (Joseph et al. 1989). Igf-2 has been 

described as over-expressed in the stroma of human fibroadenomas (Sawyer et 

al. 2003). PRSS11 is a serine protease, which can cleave Insulin growth factor 

binding proteins and thus causes the release of Igfs (Zumbrunn and Trueb 1996). 

 

6.1.1.3 Angiogenesis and blood vessels 

Actin gamma 2 has only been described in enteric smooth muscle cells and 

aorta. Aquaporin 1 transports water and is found on tumour blood vessels in 

mammary cancer (Endo et al.  1999) and on normal mammary epithelia 

(Mobasheri and Marples 2004) Aminopeptidase A (Enpep) is up-regulated on 

blood vessels of human tumours (Marchio et al. 2004). F-spondin and Timp3 

inhibit angiogenesis (Terai et al. 2001).  

 

6.1.1.4 Apoptosis 
No apoptosis related genes were found. 

 

6.1.1.5 Proliferation 
Gas6 has antiapoptotic functions and signals via PI3K and Src as well as 

inducing beta-catenin stabilisation, T-cell factor activation and growth in C57 

mammary cells (Goruppi et al. 2001).  
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6.1.1.6 Invasion and metastasis  

No genes related to invasion or metastasis were found 

 

6.1.1.7 Mammary development 
Cdrap is detected in breast cancer and transient endogenous expression of 

Cdrap in the mammary bud is found. The finding of transient Cdrap expression in 

mammary buds suggests that it may play a role in the organogenesis of 

mammary glands. (Xie et al. 2000).  

 

6.1.1.8 Metabolism: Collagen synthesis 

see: a) Extracellular Matrix 

 

6.1.1.9 Tumour marker and hormone receptors 
Wisp-2 is an oestrogen responsive gene in MCF7 breast cancer cells (Inadera et 

al. 2000). A strong correlation between progesterone receptor staining in breast 

cancer epithelia and stromal staining of Igf-2 in adjacent stroma has been found 

by Giani and colleagues (Giani et al. 1998). 

 

6.1.2 Spontaneous adenocarcinoma 
 

6.1.2.1 Extracellular Matrix 
Claudin 3, a tight junction protein, is expressed on breast carcinoma cells and 

has a potential as a target for novel antibody-based therapies of carcinomas 

(Offner et al.  2005).  Collagen2a1 is found in vitreous body and cartilage 

(OMIM). 

 

6.1.2.2 Growth Factors 

Fgf3 is known to induce mammary tumours in mice when combined with multiple 

pregnancies, i.e. progesterone and oestrogen stimulation. The activation of Fgf3 

in mice occurs by insertion of the mouse mammary tumour virus (integration site 
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2), while in humans Fgf3 is frequently amplified (Naidu et al. 2001). Wnt4 causes 

side branching of the mouse mammary gland in early to mid- pregnancy and acts 

downstream of the progesterone receptor (Brisken et al. 2000). 

 

6.1.2.3 Angiogenesis 

Ddah is a gene responsible for angiogenesis and oestrogen dependent (Holden 

2003). Adamts1 inhibits endothelial proliferation and blocks the neovascular 

response induced by growth factors in vivo. Adamts1 binds to Vegf and inhibits 

Vegfr2. (Iruela- Arispe et al. 2003). 

 

6.1.2.4 Apoptosis 

Gal7  Galectin-7 (Lgals7) Gal7 promotes apoptosis (Ueda et al.  2004). 

 

6.1.2.5 Proliferation 

CyclinD1 (Ccnd1) promotes the progression from G1 to S. It binds to cdk4 and 

phosphorylates Rb 1. (Donnellan and Chetty 1998) 

 

6.1.2.6 Invasion and metastasis 
UMRCase is the proform of MMP-13 which has been found in stroma of 

microinvasive breast cancer (Uria 1997, Nielsen, 2001). Arhv is presumably a 

member of the Wnt/Jnk pathway and might be able to confer a more malignant 

phenotype as its related gene wrch1 can induce filopodium formation and stress 

fibre dissolution (Katoh 2002). Penk-rs stimulates the migration of breast cancer 

cells (Drell et al. 2003).  

 

6.1.2.7 Mammary development 
18 a2u globulin isoforms were detected in the mammary glands of pregnant 

female rats Very low levels of a2u globulin could be detected in the mammary 

gland at days 15 to 16 of gestation, synthesis peaked sharply at days 18 to 19 

and then fell to undetectable levels by days 20 to 21. a2u globulins were not 

detected in the nursing animals or after the pups were weaned (Macinnes et al 
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1986). Cdrap is detected in breast cancer and transient endogenous expression 

of Cdrap in the mammary bud is found. The finding of transient Cdrap expression 

in mammary buds suggests that it may play a role in the organogenesis of 

mammary glands. (Xie et al. 2000). Cited 4 has been related to mammary 

epithelial cell development and is induced in pregnant and lactating mammary 

gland on stimulation with prolactin (Yahata et al.  2002). Wnt4 causes side 

branching of the mouse mammary gland in early to mid- pregnancy and acts 

downstream of the progesterone receptor. (Brisken et al.  2000).  

 

6.1.2.8 Metabolism 

Aldh1a2 is an enzyme which can oxidise retinaldehyde to retinoic acid. Its main 

function is to detoxify retinol in a second step after alcohol dehydrogenase Adh1 
has performed the first step of the clearance pathway (oxidation of retinol to 

retinaldehyde) (Molotkov 2003). Squalene oxidase (Sqle) belongs to the 

cholesterol pathway. 

 

6.1.2.9 Tumour marker and hormone receptors 

Adamts1 is stimulated by progesterone in granulosa cells of preovulatory follicles 

(Robker et al. 2000). CyclinD1 is an oncogene in human breast cancer 

(Beckmann et al. 1997).  Lgals7 was found to be highly expressed in DMBA- 

induced adenocarcinomas (Lu et al. 1997). Stc2 is coexpressed with the 

oestrogen receptor in human breast cancer (Bouras et al. 2002). Wnt4 is induced 

by the progesterone receptor (Brisken et al. 2000).  

 
6.1.3 DMBA-induced adenocarcinoma 
 

6.1.3.1 Extracellular matrix 

ADAMTS1 cleaves aggrecan and versican, (Kuno, 2000, Sandy, 2001). 

Collagen12a1 belongs to the FACIT (fibril-associated collagens with interrupted 

triple helices) group of collagens and was found in calvaria, tendon, and sternal 
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cartilage of chicken embryos (Gordon et al.  1987). FGF13 (Fibroblast growth 

factor-13) induces growth of fibroblasts. FGF-13 induced cell growth of lung 

fibroblasts and aortic smooth muscle cells but had no effect on dermal vascular 

endothelial cells (Leung, et al. 1998). Laminin5 is frequently lost in invading 

human breast cancer cases while it is expressed in benign lesions. Other  
carcinoma types, however, exhibit an increased laminin-5 deposition, which has 

been suggested as an invasion promoting factor (Henning et al.  1999). 
RNU16845 Neurotrimin (Ntm) together with the limbic system-associated 

membrane protein (LAMP) and the opioid-binding cell adhesion molecule 

(OBCAM) comprise the IgLON family of neural cell adhesion molecules. (Gil et al.  

1998). Opcml cell adhesion like molecule OPCML at 11q25 is epigenetically 

inactivated and has tumour-suppressor function in epithelial ovarian cancer. 

(Sellar et al.  2003). Prelp (proline arginine-rich end leucine-rich repeat protein) is 

a heparin-binding leucine-rich repeat protein in connective tissue extracellular 

matrix. PRELP binds the basement membrane heparan sulfate proteoglycan 

perlecan and collagen type I and type II through its leucine-rich repeat domain 
(Bengtsson et al.  2002).Versican is expressed in breast cancer stroma and 

confers, if up regulated, a worse prognosis (Ricciardelli et al.  2002).  

 

 
6.1.3.2 Growth factors and transcription factors 
Bhlhb2 a basic helix-loop-helix (bHLH) transcription factor, has been suggested 

to be involved in the control of proliferation and/or differentiation of several cells 

including fibroblasts.  

Fgf1 , placental growth factor, Hes1, pleiotrophin – see 6.1.3.3.1 

angiogenesis  

Fgf13 induces growth of fibroblasts FGF-13 induced cell growth of lung 

fibroblasts and aortic smooth muscle cells but had no effect on dermal vascular 

endothelial cells (Leung et al.1998). Gata3 is found in oestrogen positive breast 

cancer cells and normal luminal cells. GATA3 is involved in growth control and 

the maintenance of the differentiated state in epithelial cells, and that GATA3 
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variants may contribute to tumourigenesis in ESR1-positive breast tumours. 

(Usary et al 2004). Gtf2f2 general transcription factor FII is a homologue of the 

human transcription factor RAP30 (Kobayashi et al. 1992). 

Msg1 (cited2) Msg1 enhances Smad-mediated transcription in a manner 

dependent on p300/CBP (Yahata et al.  2000). Pouf3f3 (class III POU domain 
transcription factors, Brn-1 and Brn-2) Brn-1 co-operates with reelin in 

lamination of the developing mammalian cerebral cortex (McEvilly et al.  2002).  

 

6.1.3.3 Angiogenesis 
6.1.3.3.1 Angiogenic factors 
Ddah is a gene responsible for angiogenesis and oestrogen dependent (Holden, 

2003). 

Fgf1, placental growth factor (Pgf) and pleiotrophin (Ptn) are implicated in the 

stimulation of angiogenesis in human breast cancer (Relf et al.  1997).  

Jagged2 and Hes1 belong to the notch pathway, which is involved in many 

aspects of vascular development, where ligands like jagged and delta interact 

with notch receptors and stimulate the expression of downstream genes like 

Hes1 (Iso et al. 2003). 

Nrcam an ankyrinG-binding protein is up regulated in endothelial cells (EC) 

forming tubes in 3D collagen (Aitkenhead et al.  2002). 

Syndecan-1 (Sdc-1) is up regulated by ephrinB2/EphB4 and plays a role in 

inflammatory angiogenesis (Yuan et al. 2004). 

 

6.1.3.3.2 Antiangiogenic factors 

Adamts1 inhibits endothelial proliferation and blocks the neovascular response 

induced by growth factors in vivo. ADAMTS1 binds to VEGF and inhibits 

VEGFR2. (Iruela- Arispe et al. 2003).Type XVIII collagen (Col18a1) is the 

precursor of endostatin, which has a potent antiangiogenic effect. (O'Reilly et al. 

1997) 
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6.1.3.4 Apoptosis 

Gal7 Homodimeric galectin-7 (p53-induced gene 1, LGalS7) promotes 

apoptosis (Yang and Liu 2003). Expi (extracellular proteinase inhibitor) The 

expression of the extracellular proteinase inhibitor gene is induced during the 

involution of mammary gland, when apoptosis occurs in this tissue. Over 

expression of Expi accelerated apoptosis of mammary epithelial cells under 

serum starvation  (Jung et al.  2004). 

 

6.1.1.5 Proliferation 
CyclinD1 promotes the progression from G1 to S. It binds to cdk4 and 

phosphorylates Rb 1: (Donnellan and Chetty 1998). 

Snk (Plk2) is a physiological centrosomal protein and its kinase activity is likely 

to be required for centriole duplication near the G1-to-S phase transition. 

(Warnke et al.  2004). Cdkn2a acts as an antagonist for cyclinD1 and competes 

with it for binding of cdk4.  

Areg (amphiregulin) is involved in the development and involution of the 

mammary gland. It is known to be regulated by oestrogen, Ha-ras and is a ligand 

of EGFR. Via EGFR it is able to up regulate cyclin D1. (Menashi et al.  2003 ) AR 

increased cyclin D1 mRNA and protein and DNA synthesis activity (Shin et al. 

2003). 

Lef/tcf target genes are ccnd1 mmp7 
M phase:  Cdc2, Src and Jub.  

Cdc2 is phosphorylated by Src and cyclinB1 and promotes M phase. (Draetta et 

al 1988) Ajuba (Jub) activates Aurora A in mitotic commitment (Hirota et al.  

2003). 

 

Adenosine deaminase (Ada) regulates cellular levels of adenosine and 

deoxyadenosine and acts as a growth promoter (Laban et al. 2003).  

Topoisomerase II (Topo II) The alpha isoform of Topoisomerase II is 

predominantly localised in proliferative tissue (Kondapi et al. 2004) 
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6.1.3.6 Invasion 
Alcam is expressed on low grade prostate tumour cells (Kristiansen 2003) Alcam 

is usually restricted to subsets of cells involved in dynamic growth and/or 

migration, including neural development, branching organ development, 

hematopoiesis, immune response and tumour progression (Swart 2002). In 

prostate cancer cells with intact E-cadherin , alpha catenin Alcam staining is on 

the cell membrane, but cytoplasmatic in defect E-cadherin/alpha catenin (Tomita 

2000). Arhv is presumably a member of the Wnt/Jnk pathway and might be able 

to confer a more malignant phenotype as its related gene wrch1 can induce 

filopodium formation and stress fibre dissolution (Katoh 2002) C4.4a is found in 

oestrogen positive breast cancer (Fletcher et al. 2003). C4.4A ligand binding 

confers a migratory phenotype. It has been detected mainly on metastasising 

carcinoma cells and proposed to be involved in wound healing. (Paret et al.  

2005). Cadherin 1 cadE was found up-regulated in MTLn3-induced carcinomas 

(Wang et al. 2002). Cystatin M (N,E) reduces cell proliferation and migration, 

invasion and adhesion to endothelial cells (Shridhar et al. 2004). Ddr1 is involved 

in tumour invasion remodelling and degradation of the extra cellular matrix 

(Abdulhussein et al. 2004). Il18 suppresses bone metastasis (Nakata et al. 

1999), up in DMBA, PhIP induced rat mammary adenocarcinomas (Kuramoto et 

al. 2002). Matrix metalloproteinases 3,7,12,13 MMP-3 mRNA was detected in 

72 of 77 (93.5%) of mammary carcinomas exclusively in stromal cells within the 

tumours or in the marginal portion of tumours (Nakopoulou et al. 1999). 

UMRCase is the proform of MMP-13 which has been found in stroma of 

microinvasive breast cancer (Uria et al. 1997, Nielsen et al. 2001). The matrix 

metalloproteases (MMPs) are a family of related matrix-degrading enzymes that 

are important in tissue remodelling and repair during development and 

inflammation. Abnormal expression is associated with various diseases such as 

tumour invasiveness. MMP -3 and -7 have been found in breast cancer (Garbett 

et al.  2000).  Macrophage metalloelastase (MMP-12) is implicated in the 

pathology of many diseases such as emphysema, aortic lesions and cancer (Fu 

et al.  2001).  
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Osteopontin (Opn) stimulates cell motility and nuclear factor kappaB-mediated 

secretion of urokinase-type plasminogen activator (uPA) through 

phosphatidylinositol 3-kinase/Akt signalling pathways in breast cancer cells (Das, 

et al.  2003) t OPN induces alpha(v)beta(3) integrin-mediated c-Src kinase 

activity in both highly invasive (MDA-MB-231) and low invasive (MCF-7) breast 

cancer cells, OPN induces alpha(v)beta(3) integrin/EGFR-mediated ERK1/2 

phosphorylation and AP-1 activation. Moreover, dn c-Src also suppressed the 

OPN-induced phosphatidylinositol (PI) 3-kinase activity in these cells indicating 

that c-Src acts as master switch in regulating MEK/ERK1/2 and 

phosphatidylinositol 3-kinase/Akt signalling pathways. OPN induces 

alpha(v)beta(3) integrin-mediated AP-1 activity and uPA secretion by activating c-

Src/EGFR/ERK signalling pathways and further demonstrates a functional 

molecular link between OPN-induced integrin/c-Src-dependent EGFR 

phosphorylation and ERK/AP-1-mediated uPA secretion, and all of these 

ultimately control the motility of breast cancer cells (Das et al.  2004). Elevated 

osteopontin and thrombospondin expression identifies malignant human breast 

carcinoma but is not indicative of metastatic status. (Wang-Rodriguez et al.  

2003). Penk-rs stimulates motility (Drell et al. 2003). Sdc1 Syndecan-1 a protein 

found on cells and in the extracellular matrix, participates in cell proliferation, cell 

migration and cell-matrix interactions. SDC-1 expression correlates with the 

maintenance of epithelial morphology and inhibition of invasiveness (Mennerich 

et al.  2004). 

 

6.1.3.7 Mammary development and differentiation 

18 a2u globulin isoforms were detected in the mammary glands of pregnant 

female rats. Very low levels of a2u globulin could be detected in the mammary 

gland at days 15 to 16 of gestation, synthesis peaked sharply at days 18 to 19 

and then fell to undetectable levels by days 20 to 21. a2u globulins were not 

detected in the nursing animals or after the pups were weaned (Macinnes et al 

1986). Alcam is expressed on low grade prostate tumour cells (Kristiansen et al. 

2003) Alcam is usually restricted to subsets of cells involved in dynamic growth 
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and/or migration, including neural development, branching organ development, 

hematopoiesis, immune response and tumour progression. (Swart et al. 2002). 

Areg amphiregulin is involved in the development and involution of the 

mammary gland. It is known to be regulated by oestrogen, Ha-ras and is a ligand 

of EGFR. Via EGFR it is able to up regulate cyclin D1. (Menashi et al.  2003 ) 

Cdrap is detected in breast cancer and transient endogenous expression of 

Cdrap in the mammary bud is found. The finding of transient Cdrap expression in 

mammary buds suggests that it may play a role in the organogenesis of 

mammary glands. (Xie et al. 2000). Cited 4 has been related to mammary 

epithelial cell development and is induced in pregnant and lactating mammary 

gland on stimulation with prolactin (Yahata et al.  2002). Pleiotrophin has been 

describe in the development of breast before pregnancy (D´Cruz et all. 2002). 

Pthrp parathyroid hormone-like hormone; pthlh Alternative titles in OMIM: 
parathyroid hormone-related protein; pthrp Parathyroid-related protein, 

signalling through its receptor, PTHR1, regulates epithelial-mesenchymal 

interactions during the formation of the mammary glands and teeth (OMIM). 

Wnt4 acts downstream of progesterone receptor and induces side branching of 

mammary ducts in early to mid-pregnancy in the mouse mammary gland. Wnt5a 

has similar functions later in pregnancy (Brisken et al.  2000). 

 

Beta- casein was down regulated, as reported previously by Supowit and Rosen 

(Supowit and Rosen 1982) and after six weeks after DMBA-treatment 

(Papaconstantinou et al. 2005). Whey acidic protein, which was also down 

regulated in our study, was not examined in either study. 

 

6.1.3.8 Metabolism 

Apoc1 inhibits hydrolysis by phospholipase A2 of phospholipids in cell 

membranes. Facl3, Squalene epoxidase, LDLR 
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6.1.3.9 Tumour marker and hormone receptors 

CyclinD1 is an oncogene in human breast cancer (Beckmann et al. 1997).  

Dusp6 acts as a tumour suppressor in pancreatic cancer and dephosphorylates 

the active phase of Erk (Furakawa et al.  2003). Dmbt1 deleted in malignant 

brain tumours down in breast carcinomas (Braidotti et al.  2004). Fxyd3  (MAT-8) 
is a chloride channel and up regulated in human and mouse mammary tumours, 

(Morrison et al. 1995) especially in neu initiated tumours (Morrison and Leder 

1994). Gp2 on secretory granule of pancreas GP-2 is the major secretory granule 

membrane glycoprotein of the exocrine pancreas and appears in the pancreatic 

juice in a modified sedimentable form (Rindler and Hoops 1990) and was found 

up regulated in PHIP and DMBA induced mammary adenocarcinomas 

(Kuramoto). Igfbp5 is induced by oestrogen (Frasor et al. 2003). Mesothelin is 

an attractive target for cancer immunotherapy due to its restricted expression in 

normal tissues and high level expression in several tumour types including 

ovarian and pancreatic adenocarcinomas (Muminove et al.  2004). 

Progesterone receptors were found in DMBA induced tumours by Asselin and 

colleagues (Asselin et al.  1976). Prolactin receptor have been reported in the 

DMBA model by Costlow and McGuire (Costlow and McGuire 1977) Jahn and 

colleagues reported an up - regulation of prolactin receptor and insulin-like 

growth factor receptor in DMBA induced tumours (Jahn et al.  1991). Rmt1 was 

up regulated in MNU induced rat mammary tumours (Chiou et al.  2001) while 

RMT7 was down regulated (Wang et al. 2001). Scd2 was up regulated in DMBA 

and MNU induced mammary adenocarcinomas (Lu et al.  1997). Tumour 
associated protein 1 -, a highly conserved oncofetal complementary DNA from 

rat hepatoma, encodes an integral membrane protein associated with liver 

development, carcinogenesis, and cell activation (Sang et al. 1995). Trophoblast 
glycoprotein trophoblast glycoprotein (Tpbg), mRNA. accession   
nm_031807 Rattus norvegicus 5T4 oncofetal antigen homologue (5T4) 
mRNA (Nucleotide) 5T4 is a trophoblast glycoprotein frequently over expressed 

in epithelial malignancies like breast and lung cancer that provides a potential 

target for cancer therapeutics. (Kopreski et al.  2001). Rattus norvegicus 



76  6 Discussion 

 

transformation related protein 63 (Trp63) has strong homology to the tumour 

suppressor p53 (Schmale and Bamberger 1997) 

 

6.1.3.10 Treatment response 
Glutathione synthase confers cisplatin resistance in ovarian cancer (Godwin 

1992). Top2a  Topoisomerase-IIalpha (topo-II) is the target of anthracyclines 

and preliminary data suggest its promising role as a predictive marker of 

sensitivity to these drugs (Cardoso et al.  2004). 

 

6.1.4 MTLn3-induced carcinoma 
 
6.1.4.1. Extracellular matrix 

Bmp1 procollagen C-proteinase 3 is involved in extracellular steps in collagen 

synthesis (Alberts, 1994). Collagen12a1 belongs to the FACIT (fibril-associated 

collagens with interrupted triple helices) group of collagens and was found in 

calvaria, tendon, and sternal cartilage of chicken embryos (Gordon et al. 1987). 

Emb embigin1 Embigin protein is expressed at readily detectable levels in a 

variety of prostate and mammary cancer cell lines, and in some cell lines the 

expression of embigin appears to be down-regulated in the presence of ECM. 

Embigin might function as a regulator of cell/ECM interactions during 

development and in the homeostasis of normal adult tissues (Guenette et al. 

1997). Syndecan-1 (SDC-1), a protein found on cells and in the extracellular 

matrix, participates in cell proliferation, cell migration and cell-matrix interactions. 

Shift of syndecan-1 expression from epithelial to stromal cells was described 

during progression of solid tumours (Mennerich et al. 2004). Sdc4 syndecan 4 is 

implicated in focal adhesion and stress fibre formation (Yoo et al. 2005) and 

facilitates interactions with extracellular matrix (Midwood et al.  2004). MIF 
macrophage migration inhibitory factor mediates tumour stroma interactions 

(Bando et al.  2002). Sparcl1 extracellular matrix protein 2 is down regulated 

in cancers (Isler et al.  2004). 
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6.1.4.2 Growth  factors and transcription factors 
6.1.4.2.1 Growth factors 

Erbb2 avian erythroblastosis viral (v-erb-B2) oncogene homologue 2 

(neuro/glioblastoma derived oncogene homologue) is over expressed in 30% of 

human breast cancers associated with worse prognosis and hormone receptor 

negativity. Klf5 Kruppel-like factor 5 (intestinal) stimulates proliferation (Ghaleb 

et al. 2005). Pttg1 pituitary tumour-transforming 1 PTTG mRNA expression in 

primary breast cancer is a prognostic marker for lymph node invasion and tumour 

recurrence. (Solbach et al. 2004) Pituitary tumour transforming gene (pttg) is a 

recently isolated oncogene. Over expression of pttg results in an increase in cell 

proliferation, induces cell transformation in vitro, and promotes tumour formation 

in nude mice (Hamid and Kakar 2003). Tgfa transforming growth  factor, 
alpha acts as a growth factor in mammary gland, and is a ligand of egfr. ErbB2, 
TGFa are expressed in passaged mammary tumours of the rat (Ethier et al.  

1996). 

6.1.4.2.2 Transcription factors 

Cdx2 Cdx2 protein1  Cdx2 is a homeobox domain-containing transcription factor 

that is important in the development and differentiation of the intestines. Cdx2 

expression has also been documented in a subset of adenocarcinomas arising in 

the stomach, oesophagus and ovary (Kaimaktchiev et al. 2004). 

E2f5 elongation factor E2F-5,  NF1-A1 transcription factor NF1-A1 

 

6.1.4.3 Angiogenesis 
6.1.4.3.1 Angiogenic factors 

Hyaluronan, an important glycosaminoglycan constituent of the extracellular 

matrix, has been implicated in angiogenesis. It appears to exert its biological 

effects through binding interactions with at least two cell surface receptors: Cd44 

and receptor for hyaluronan-mediated motility (Rhamm). Rhamm and Cd44, 

through interactions with their ligands, are both important to processes required 

for the formation of new blood vessels (Savani et al. 2001). Cyr61 acts as an 

angiogenic inducer (Leu et al.  2003). Ddah1 dimethylarginine 
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dimethylaminohydrolase.  Erp70 protein disulfide isomerase related protein 

(calcium-binding protein, intestinal-related) Serial analysis of gene expression 

(SAGE) database showed that ERP70, is associated with endothelium and 

angiogenesis (Zhong et al.  2004). Klf5 promotes angiogenesis (Beckers et al.  

2005). Sdc1 Syndecan-1 is up regulated by ephrinB2/EphB4 and participates in 

inflammatory angiogenesis (Yuan et al. 2004).  

 
6.1.4.3.2 Antiangiogenic factors 

Pafah1b3 platelet-activating factor acetylhydrolase, isoform 1b, alpha1 subunit 

PAF-acetylhydrolase (PAF-AH), the major PAF-inactivating enzyme inhibits in 

vitro neoangiogenesis (Biancone et al. 2003).  

 

6.1.4.4 Apoptosis 

AKAP12/Gravin, The restoration of AKAP12A in AKAP12-nonexpressing cells 

reduced colony formation and induced apoptotic cell death. AKAP12A may 

function as an important negative regulator of the survival pathway in human 

gastric cancer (Choi et al.  2004). BID apoptotic death agonist BID is a 

mediator of mitochondrial damage induced by caspase 8 (Li et al.  1998). Becn1 

beclin 1 Beclin1 is implicated in autophagy and frequently deleted in human 

breast cancer (OMIM). Capn5 calpain 5 plays a role in apoptotic pathways 

(KEGG). Casp7 caspase-7 and Casp8 caspase-8 are activator caspases. 

Cyr61 results in growth arrest via a pathway involving the beta-catenin/TCF4 

complex, which promoted the expression of c-myc and the latter induced 

expression of p53, and p53 up regulated p21WAF1 and p130/RB2 (Tong et al.  

2004). Expi extracellular proteinase inhibitor The expression of extracellular 

proteinase inhibitor (Expi) gene was induced during the involution of mammary 

gland, when apoptosis occurs in this tissue. Transient transfection of Expi gene 

partially induced apoptosis of mammary epithelial HC11 cells. Over expression of 

Expi accelerated apoptosis of mammary epithelial cells under serum starvation.  

(Jung et al.  2004) NIPK is expressed in death causing conditions (Ord and Ord 

2003). Ptprf leucocyte common antigen-related protein (LAR) mammalian 
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transmembrane protein tyrosine phosphatase, called LAR (leukocyte common 

antigen related gene), whose expression is often associated with proliferating 

epithelial cells or epithelial progenitor cells. Over expression of the 

transmembrane tyrosine phosphatase LAR activates the caspase pathway and 

induces apoptosis. (Weng et al. 1998). P2ry2 purinergic receptor P2Y, G-

protein coupled 2 ATP, at lower concentrations, and UTP stimulated proliferation, 

probably acting via P2Y2 receptors. Stimulation or dysfunction of purinergic 

receptors may contribute at least partially to modulation of epithelial carcinoma 

cell proliferation and apoptosis (Coutinho-Silva et al.  2005). Pawr (PAR4) 
induced by effectors of apoptosis The rat par4 (prostate apoptosis response) 

gene was transcriptionally induced by apoptotic signals in the rat ventral prostate 

(Johnstone et al. 1996). 

Antiapoptotic factors: 
Ded apoptosis antagonising transcription factor AATF, is a novel transcription 

factor that interacts with Dlk/ZIP kinase and interferes with apoptosis.(Page et al.  

1999) Survivin (BIRC5) inhibits caspase 7 (Yamamoto and Tanigawa 2001). 

 

6.1.4.5 Proliferation and mitosis 

6.1.4.5.1 Proliferation: 
Ada adenosine deaminase regulates cellular levels of adenosine and 

deoxyadenosine, and is implicated in cellular proliferation (Laban et al. 2003). 

auf1 RNA binding protein p42 AUF1 Auf1 leads to stabilisation of messenger 

RNAs with adenylate uridylate-rich elements in the 3` untranslated region e.g. 

myc, fos (Gouble et al. 2002) Bhlhb2 basic helix-loop-helix domain containing, 

class B2 DEC1 (BHLHB2)/Stra13/Sharp2, a basic helix-loop-helix (bHLH) 

transcription factor has been suggested to be involved in the control of 

proliferation and/or differentiation of several cells including nerve cells, fibroblasts 

and chondrocytes (Shen et al. 2001) Cdx2 CDX2 protein1  CDX2 is a homeobox 

domain-containing transcription factor that is important in the development and 

differentiation of the intestines. CDX2 expression has also been documented in a 

subset of adenocarcinomas arising in the stomach, oesophagus and ovary 
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(Kaimaktchiev et al. 2004). CDC20, p55cdc is detectable in all exponentially 

growing cells and disappears when cells differentiate (Weinstein et al.  1994) 

Ddb1 damage-specific DNA binding protein 1 is implicated in DNA repair 

(Keeney et al.  1994) Ded apoptosis antagonising transcription factor AATF, is a 

novel transcription factor that interacts with Dlk/ZIP kinase and interferes with 

apoptosis.(Page et al.  1999)  Fen1 flap structure-specific FEN1 is a genome 

stabilisation factor that prevents flaps from equilibrating into structures that lead 

to duplications and deletions.  (Liu et al.  2004). Kcne3 mink-related peptide 2 
potassium channel, voltage-gated, isk-related subfamily  Kcnk1 putative 

potassium channel TWIK There is cell-cycle-dependent expression of the large 

Ca2+-activated K+ channels in breast cancer cells. Expression of the BK 

channels was cell-cycle-dependent and seems to contribute more to the S phase 

than to the G1 phase. However, these K+ channels did not regulate the cell 

proliferation because of their minor role in the membrane potential (Ouadid-

Ahidouch et al.  2004). Mcmd6 intestinal DNA replication protein2 

(MCM6/mis5) is thought to encode a DNA replication licensing factor similarity to 

a rat 'intestinal crypt-cell replication factor' (Harvey et al. 1996). Nab1 Ngfi-A 
binding protein 1 Nab1, a corepressor of NGFI-A (Egr-1), contains an active 

transcriptional repression domain. Nab proteins constitute an evolutionarily 

conserved family of corepressors that specifically interact with and repress 

transcription mediated by three members of the NGFI-A (Egr-1, Krox24, zif/268) 

family of immediate-early gene transcription factors, which includes NGFI-C, 

Krox20, and Egr3. (Swirnoff et al.  1998), Nfil3 nuclear factor, interleukin 3, 
regulated1 E4BP4/NFIL3, E4BP4 appears to act antagonistically with members 

of the related PAR family of transcription factors with which it shares DNA-

binding specificity. This diversity of function is mirrored by the regulatory 

pathways impinging on E4BP4, which include regulation by ras via the 

lymphokine IL-3 in murine B-cells, by thyroid hormone during Xenopus tail 

resorption, by glucocorticoids in murine fibroblasts and by calcium in rat smooth 

muscle cells (Cowell. 2002). Nopp140  is a mediator of the protein kinase A 

signalling pathway.(Chiu et al.  2002), Nopp140 and nucleolin are proteins with 
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structural and regulatory functions in rDNA transcription (Sun et al. 2002). P2ry2 
purinergic receptor P2Y, G-protein coupled 2 ATP, at lower concentrations, 

and UTP stimulated proliferation, probably acting via P2Y2 receptors. stimulation 

or dysfunction of purinergic receptors may contribute at least partially to 

modulation of epithelial carcinoma cell proliferation and apoptosis (Coutinho-Silva 

et al.  2005). Pttg1 pituitary tumour-transforming 11: PTTG mRNA expression 

in primary breast cancer: a prognostic marker for lymph node invasion and 

tumour recurrence. (Solbach et al.  2004) Pituitary tumour transforming gene 

(pttg) is a recently isolated oncogene. Over expression of pttg results in an 

increase in cell proliferation, induces cell transformation in vitro, and promotes 

tumour formation in nude mice. involved in most of the important mechanisms of 

cell proliferation, differentiation and signalling (Hamid and Kakar 2003). 

Stmn1 stathmin 1 stathmin is over expressed in a subgroup of human breast 

carcinomas. Stathmin is a cytosolic phosphoprotein proposed to act as a relay 

integrating diverse cell signalling pathways, notably during the control of cell 

growth and differentiation. It may also be considered as one of the key regulators 

of cell division for its ability to destabilise microtubules in a phosphorylation-

dependent manner. In addition, over expression was correlated to the loss of 

steroid receptors (oestrogen, progesterone), and to the Scarff-Bloom-Richardson 

histopathological grade III, this latter being ascribable to the mitotic index 

component. (Curmi et al. 2000). Sdc1 Syndecan-1, a protein found on cells and 

in the extracellular matrix, participates in cell proliferation, cell migration and cell-

matrix interactions. SDC-1 expression correlates with the maintenance of 

epithelial morphology and inhibition of invasiveness. Cells in connective tissue 

surrounding breast, lung, colon and bladder carcinoma showed up - regulation of 

SDC-1. These stromal cells were characterised as spindle cells with 

myofibroblastic differentiation and they may contribute to the dedifferentiation of 

tumour cells and the development of metastasis. Shift of syndecan-1 expression 

from epithelial to stromal cells was described during progression of solid tumours. 

(Mennerich et al.  2004) Syndecan-1 is up regulated by ephrinB2/EphB4 and 

participates in inflammatory angiogenesis (Yuan et al. 2004), Induction of 
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syndecan-1 expression in stromal fibroblasts promotes proliferation of human 

breast cancer cells (Maeda et al.  2004). Tgfa transforming growth factor, 
alpha is a growth factor in mammary   and a ligand of Egfr. TIMP1 up - regulation 

of TIMP1 cancer cell expression in breast cancer may suggest that this marker 

has a multifunctional role apart from that of metalloproteinase inhibitor since it 

was found to be related to malignant cells' differentiation and proliferation. TIMP1 

over expression in cancer cells appears for the first time to be a promising 

indicator of favourable prognosis in breast cancer (Nakopoulou et al. 2003). 

Txnrd1 thioredoxin reductase1  Thioredoxin is associated with proliferation, 

p53 expression and negative oestrogen and progesterone receptor status in 

breast carcinoma (Turunen et al. 2004). The thioredoxin-thioredoxin reductase 

system is over expressed in human cancer. In aggressive invasive mammary 

carcinomas thioredoxin was highly over-expressed compared to tumours of 

lesser aggressive nature. TRX expression was found in both nuclear and 

cytoplasmic location in the neoplastic cells. Furthermore, increased levels of TRX 

positively correlate with thioredoxin reductase (TR) expression and localisation. 

Such tumours have a high proliferation capacity, a low apoptosis rate and an 

elevated metastatic potential (Lincoln et al.  2003).TrxR1 is involved in the 

regulation of transcription factors such as p53, hypoxia inducible factor and AP-1 

through redox control (Damdimopoulos et al.  2004). Top2a Eukaryotic 
Topoisomerase II (Topo II) The alpha isoform is predominantly localised in 

proliferative tissue (Kondapi et al.  2004)  

6.1.4.5.2 Mitosis  
Cdc2a  cell division cycle 2 homologue A CDC2 M phase promoting factor 

phosphorylated by Src + cyclin B1 OMIM CDC20 is a component of the 

mammalian cell cycle mechanism. Activation of the anaphase-promoting complex 

(APC) is required for anaphase initiation and for exit from mitosis (Fang et al.  

1998) showed that APC was activated during mitosis and G1 by 2 regulatory 

factors, CDC20 and HCDH1. CDC20 is the mitotic activator of APC and directs 

the degradation of substrates containing the D-box.  Ccnb1  cyclin B is 

responsible for the progression in cell cycle from G2 to M. Foxm1 up regulates 
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cyclinB1 (Leung et al.  2001) and participates in mitosis (Laoukili et al.  2000). 

Hmgb2 high mobility group box 2. HMGB1 and 2 were shown to be present 

under two forms in mitotic cells, i.e., free and associated with the condensed 

chromatin, which rapidly exchange. A detailed analysis of HMGB2 interaction 

with mitotic chromosomes indicated that two sites encompassing HMG-box A 

and B are responsible for binding (Pallier et al.  2003). Kpna2 karyopherin 

(importin) alpha 2: import of cyclin E (Moore et al.  1999). Kpnb1 

karyopherin,beta 1: import of cyclin B1 (Moore et al.  1999). Kif3c kinesin family 

member 3C1: Kinesins are microtubule-dependent molecular motors involved in 

intracellular transport and mitosis KIF3C is a novel kinesin-like protein that might 

be specifically involved in microtubule-based transport in neuronal cells (Sardella 

et al.  1998). Lmna, Lmnb1 At the end of mitosis, the nuclear lamins assemble to 

form the nuclear lamina during nuclear envelope formation in daughter cells. A- 

and B-type lamins exhibit different pathways of assembly (Moir et al.  2000). 

prelamin A undergoes farnesylation and carboxymethylation prior to conversion 

to lamin A, as is the case for other prenylated proteins (Sinensky et al.  1994) 

Npl4 homologue of yeast nuclear protein localisation 41 The AAA ATPase 

Cdc48/p97 together with its adapters, Ufd1-Npl4, regulate membrane-related 

functions and mitotic spindle disassembly by directly binding to membrane-

associated proteins or spindle assembly factors and might have a more general 

role in mediating morphological transitions as the cell exits mitosis and enters G1 

(Cao and Zheng 2004) B23/Nucleophosmin serine 4 phosphorylation mediates 

mitotic functions of Polo-like kinase 1 (Zhang et al. 2004) CDK2/cyclin E and 

nucleophosmin/B23 are involved in centrosome duplication (Tarapore et al. 

2002).. Nup107 nuclear pore complex protein1 The entire nup107-160 complex, 

including three new members, is targeted as one entity to kinetochores in mitosis. 

(Loiodice et al. 2004). Cdc2-cyclin B-activated Polo-like kinase (Plk) specifically 

phosphorylates at least three components of APC and activates APC to 

ubiquitinate cyclin B. Plk and PKA regulate mitosis progression by controlling 

APC activity (Kotani et al. 1998). Rhamm a subset of cellular Rhamm localises to 

the centrosome and functions in the maintenance of spindle (Maxwell et al.  



84  6 Discussion 

 

2003). Survivin (BIRC5) is expressed in G2/M phase of cell cycle in association 

with the mitotic spindle (Li 1998), Tubg1 gamma-Tubulin is a conserved essential 

protein required for assembly and function of the mitotic spindle in humans and 

yeast (Hendrickson et al. 2001). Ube2n/ STK6 Aurora2 (Stk6 in mouse and 

STK15 in human) The E2 ubiquitin-conjugating enzyme UBE2N was a 

preferential binding partner of the  STK15 Phe31 variant form. This interaction 

results in colocalisation of UBE2N with STK15 at the centrosomes during mitosis 

(Ewart-Toland et al.  2003). 

 

6.1.4.5.2.1 Prevention of mitotic entry 
Chek1 checkpoint kinase 1 homologue Chk1 phosphorylates and inhibits CDC25 

and prevents activation of the CDC2-cyclin B complex and mitotic entry (OMIM).  

Mxi1 down regulates cyclin B (Manni et al.  2002). 

 

6.1.4.6 Invasion and metastasis: 
C4.4a GPI-anchored metastasis-associated protein homologue C4.4a is 

expressed on a rat pancreatic tumour and under physiological conditions 

expressed only in the gravid uterus and on epithelial of the upper gastrointestinal 

tract. (Rosel et al. 1998) C4.4A has some common features with the uPAR. 

Expression of the human C4.4A was observed by RT-PCR and Northern blotting 

in placental tissue, skin, oesophagus and peripheral blood leukocytes, but not in 

brain, lung, liver, kidney, stomach, colon and lymphoid organs. Yet, tumours 

derived from the latter tissues frequently contained C4.4A mRNA. As 

demonstrated for malignant melanoma, C4.4A mRNA expression correlated with 

tumour progression (Wurfel et al.  2001). Cd44 glycoprotein CD44s Cd44 is the 

main surface receptor for hyaluronate (Aruffo 1990) Weber and colleagues noted 

that the CD44 gene encodes a transmembrane protein that is expressed as a 

family of molecular isoforms generated from alternative RNA splicing and 

posttranslational modifications. Certain CD44 isoforms that regulate activation 

and migration of lymphocytes and macrophages may also enhance local growth 

and metastatic spread of tumour cells. One ligand of CD44 is hyaluronic acid, 



6 Discussion  85 

 

binding of which to the NH2-terminal domain of CD44 enhances cellular 

aggregation and tumour cell growth Weber et al demonstrated that another ligand 

is osteopontin. Osteopontin induces cellular chemotaxis but not homotypic 

aggregation of cells, whereas the inverse is true for the interaction between 

CD44 and hyaluronate. The alternative responses to CD44 ligation may be 

exploited by tumour cells to allow OPN-mediated metastatic spread and 

hyaluronate-dependent growth in newly colonised tissues in the process of 

tumour metastasis (Weber et al. 1996). CD44s has been implicated in higher 

malignancy and metastasis (Bourguignon 2001). Hmmr hyaluronan receptor 

RHAMM receptor for hyaluronan-mediated motility (RHAMM), RHAMM/IHABP 

expression may contribute to the motility and invasiveness of a tumour cell sub-

population in breast cancers (Assmann et al. 2001). RHAMM is an oncogene that 

regulates signalling through ras and controls mitogen-activated protein kinase 

[extracellular signal-regulated protein kinase (ERK)] expression in embryonic 

murine fibroblasts. ERK is a dual-specificity kinase that controls expression of 

proteins relevant to tumourigenesis, proliferation, and motility. Over expression of 

RHAMM in primary tumours of two patient cohorts was significantly prognostic of 

poor outcome in breast cancer progression. Furthermore, RHAMM over 

expression occurred within subsets of tumour cells in the primary tumour, and 

this staining pattern was associated with lymph node metastases. The 

metastases exhibited a significantly higher level of staining for RHAMM than did 

the primary tumour. RHAMM expression strongly correlated with over expression 

of both ras and ERK, although over expression of either of these two signalling 

molecules was not by itself a prognostic indicator. These results identify a new 

parameter that is involved in lymph node metastasis of primary breast cancers 

and suggest that quantification of RHAMM over expression may be a useful 

prognostic indicator for breast carcinoma progression (Wang et al. 1998). 

Mmp12 matrix metalloproteinase 12 Mmp3  matrix metalloproteinase 3 

UMRCase collagenase DEFINITION Collagenase 3 precursor (Matrix 

metalloproteinase-13) (precursor MMP-13) (UMRCASE). ACCESSION P23097 

Plau urinary plasminogen activator, urokinase expressed in metastasising breast 
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cancer cells Plaur urokinase receptor  Rcn2 reticulocalbin was expressed in 

highly invasive breast cancer cell lines but was not expressed in poorly invasive 

ones. Although its function is still unknown, reticulocalbin is implicated in tumour 

cell invasiveness because of its differential expression in breast tumour cell lines. 

(Liu Z et al.  1997) The myc- target genes Rcl and LDH-A act synergistically to 

induce anchorage-independent growth. (Lewis BC et al.  2000)  Timp1 tissue 

inhibitor of metalloproteinase 1  Tissue inhibitor of matrix metalloproteinases-1 

protein over expression in breast cancer cells is associated with improved 

prognosis. The tissue inhibitor of metalloproteinases-1 (TIMP1) inhibits tumour 

cell invasion and metastasis in experimental models; in addition, TIMP1 is 

supposed to possess another important function, cell growth promotion. The up - 

regulation of TIMP1 cancer cell expression in breast cancer may suggest that this 

marker has a multifunctional role apart from that of metalloproteinase inhibitor 

since it was found to be related to malignant cells' differentiation and proliferation. 

(Nakopoulou et al.  2003).  

 

6.1.4.7 Mammary development and differentiation 
Casein alpha, beta, gamma and Whey acidic protein indicating mammary 

differentiation were down regulated. The mammary specific keratins krt5 and 8 

and the prolactin-receptor were also down-regulated. 

 

6.1.4.8 Metabolism 

 

6.1.4.8.1 Cholesterol synthesis: 
The following genes belong to the cholesterol synthesis pathway: Cyp51, sterol 
C5 desaturase, lanosterol synthase, squalene monooxigenase, 
farnesyldiphosphate farnesyl transferase, Isopentenyldiphosphate 
isomerase, hydroxymethylglutaryl CoA synthase, - reductase, sc4mol  
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6.1.4.8.2 Glycolysis 
The following genes belong to the glycolytic pathway: hexokinase, 
triosephosphate isomerase, glyceral-3 phosphate dehydrogenase, 
phosphoglycerat kinase, phosphoglycerat mutase , enolase, pyruvat kinase 
 
6.1.4.8.3 Fermentation 
Lactate dehydrogenase A indicates anaerobic oxidation of glucose. 

 

6.1.4.9 Tumour marker 
 
Caveolin (downregulated) the down-regulation of caveolin leads to enhanced 

metastasis and growth in breast cancer (Sloan et al. 2004).  

 
HIF- target genes:  
transferrin receptor, heme oxigenase, adrenomedullin, Pai-1, Tgfa, Pdgfb, 
Enolase 1, Glyceraldehyde-3-phosphate dehydrogenase, Hexokinase, 
Lactate dehydrogenase A, Phosphoglyceratkinase, pyruvat kinase M, 
Igfbp3, urokinase receptor (Goodewardene et al. 2002), RTP801 (Shoshani et 

al. 2002), Nipk (Bowers et al.  2003)  
 

Met met proto- onco is found on breast cancer cases with poor prognosis, and 

might be a target for therapy. A percentage of ErbB2 over-expressing tumours 

showed up-regulation of met as well. (Lengyel et al.  2004). 

 

myc- targets and interactions 
The myc- target genes Rcl and Ldh-a act synergistically to induce anchorage-

independent growth. (Lewis et al.  2000)  auf1 RNA binding protein p42 AUF1 

Auf1 leads to stabilisation of messenger RNAs with adenylate uridylate-rich 

elements in the 3` untranslated region e.g. myc, fos (Gouble 2002). Cyr61 

activated the beta-catenin/TCF4 complex, which promoted the expression of c-

myc (Tong et al.  2004) Mxi1 max interacting protein 1 suppresses myc (Luo et 



88  6 Discussion 

 

al.  2004). Rgn regucalcin suppresses myc (Tsurusaki and Yamaguchi 2003). 

Anxa2 binds directly to both ribonucleotide homopolymers and human c-myc 

RNA (Filipenko et al.  2004). 

Nipk Neuronal cell death-inducible putative kinase (Nipk) Human SKIP3 is an 

ortholog of rat Nipk and regulated by hypoxia. Primary human lung, colon, and 

breast tumours express high levels of SKIP3 transcript. (Bowers et al.  2003) 

 
Rmt7 hypothetical protein Rmt-7 down regulated in rat mammary tumours 

induced by MNU 

Tpbg trophoblast glycoprotein Rattus norvegicus trophoblast glycoprotein (Tpbg), 

(5T4) mRNA. 5T4 mRNA was detected in breast and lung cancer patient serum 

(Kopreski et al.  2001). 

 

6.1.4.10 Resistance to therapy 

Birc5 baculoviral IAP repeat-containing 5 (survivin) Survivin is over 

expressed in drug resistant cells (Davidovich et al.  2004), (Notarbartolo et al.  

2004) Inhibition of survivin leads to reversal of drug resistance against 

adriamycin (Wang et al. 2003). 

Ccnb1 cyclin B up-regulation of CCNB1 is responsible, at least in part, for 

radioresistance after fractionated irradiation in MCF-7 human breast cancer cells  

(Li et al.  2001). Cyr61 cysteine rich protein 61 stable expression of cyr61 in 

MCF-7 cells can confer resistance to apoptosis and apoptosis inducing drugs 

(paclitaxel, adriamycin) by  avb3 and avb5 /NF-κB/XIAP pathway (Lin et al.  

2004) Erbb2 avian erythroblastosis viral (v-erb-B2) oncogene homologue 2 

(neuro/glioblastoma derived oncogene homologue) is over expressed in 30% of 

human breast cancers associated with worse prognosis and hormone receptor 

negativity. Nopp140 Nopp140 is a mediator of the protein kinase A signalling 

pathway (Chiu et al.  2002), Nopp140 and nucleolin are proteins with structural 

and regulatory functions in rDNA transcription. (Sun et al. 2002). Doxorubicin 

might disrupt the cellular function of hNopp140. (Jin et al.  2002) Npm1 

nucleophosmin 1 Nucleophosmin (Npm) acts as a natural repressor of p53 by 
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setting a threshold for p53 activation in response to UV radiation. Over 

expression of NPM could contribute to p53 inactivation and tumour progression 

(Maiguel et al. 2004). Nucleophosmin is a candidate gene for antioestrogen- 

resistance  (Clarke et al. 2003). Re transfection of the Pgk1 insert into an 

osteogenic sarcoma cell line confers a multidrug resistant phenotype, 

characterised by a 30-fold increase in paclitaxel resistance, and cross-resistance 

to vincristine; adriamycin and mitoxantrone (Duan et al.  2002). sphk1c 

sphingosine kinase 1c Enforced expression of sphingosine kinase type 1 

(SPHK1) increased S1P levels and blocked MCF-7 cell death induced by anti-

cancer drugs, sphingosine, and TNF-alpha (Nava et al. 2002). Top2a  
Topoisomerase-II alpha (topo-II) is the target of anthracyclines and preliminary 

data suggest its promising role as a predictive marker of sensitivity to these drugs 

(Cardoso et al.  2004). Pls3 T-plastin Plastins (fimbrins) are a family of actin-

bundling proteins conserved from yeast to humans. In humans, three tissue-

specific plastin isoforms have been identified. The T isoform (T-plastin) is unique 

in that it is expressed in all tissues except leukocytes (Lin et al.  1999).  Search 

for genes involved in UV-resistance in human cells revealed increased 

transcriptional expression of nucleophosmin and T-plastin genes in association 

with the resistance  (Higuchi et al.  1998).  Increased expression of T-plastin 

gene in cisplatin-resistant human cancer cells: identification by mRNA differential 

display  (Hisano et al.  1996). 
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6.2 Comparisons of tumour groups 
 

6.2.1 Comparison of fibroadenomas and spontaneous 
adenocarcinomas 

Fibroadenomas are considered a benign lesion in carcinogenicity studies although 

adenocarcinomas can arise in the area of a fibroadenoma. It is possible that these 

adenocarcinomas arise de novo and not in the course of disease progression. In 

humans the occurrence of simple fibroadenomas of the breast is not associated 

with an increase of risk of development of subsequent breast cancer while the 

occurrence of complex fibroadenomas (cysts larger 0,3 cm, sclerosing adenosis, 

epithelial calcifications, or papillary apocrine change) confers a mild increase in 

the risk of subsequent breast cancer.  

Kuijper et al. (2002) postulated a model in which fibroadenomas can progress in 

both a stromal and an epithelial direction, the stromal progression resulting in 

phyllodes tumour and the epithelial in carcinoma in situ.  

Little is known about the genetic alterations occurring in this disease. The aim of 

obtaining the gene expression profile of spontaneous adenocarcinomas and 

fibroadenomas was to identify genes which can differentiate the two conditions 

and genes which might be common to both. 

 

The changes observed in fibroadenomas are mainly related to fibroblast activities, 

with the accumulation of dermal collagens as already apparent from histology 

(Figure 6). Notably, many genes necessary for collagen synthesis and maturation 

are found over expressed in fibroadenomas while none of those is found in 

adenocarcinoma. The stroma of the spontaneous adenocarcinomas contained a 

collagen found in cartilage and vitreous body, which might point to a different  

composition of the stroma of the two lesions. If the two tumours belong to different 

stages of the same disease one could expect similar alterations in gene 

expression. However, the overlap between these two groups was minimal. The 

only candidate in common was Cdrap, a gene which is expressed in comparatively 

lower levels in fibroadenoma. Fgf-3 (int-2) and CyclinD1 were only found in 
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adenocarcinoma, and might be able to differentiate the two conditions. In human 

cases Ried and colleagues (Ried et al. 1995) found amplification of cyclinD1 and 

Fgf-3 only in adenocarcinoma, not in fibroadenoma. If these genes are amplified in 

rat tumours remains to be determined.  

 
6.2.2 Comparison of spontaneous and induced adenocarcinomas  
 
The differentiation of spontaneous and induced adenocarcinomas is particularly 

interesting in the setting of toxicology studies. If a true distinction could be made 

between spontaneous and induced the conventional approach where the level of 

spontaneous tumours of the treated groups is conferred from the levels of the 

control groups could be replaced by more accurate estimates. This is 

complicated by the fact that breast cancer in the rat might be as heterogeneous 

in the rat as in humans. The spontaneous expression markers might therefore be 

hard or even impossible to find. It cannot be excluded that the carcinogenesis in 

virgin rats is different compared to rats after lactation and pregnancy. Another 

obstacle to this comparison is the age of the animals: tumours are only inducible 

in young animals, while spontaneous tumours occur in older ones. 

 

The histologically similar spontaneous and DMBA-induced adenocarcinomas 

(Figure 7 and 8) could be separated by gene expression profiling. The two 

tumour types express different collagens, which both differ from dermal collagens 

as they have been found in cartilage. Different fibroblast growth factors were 

found, in spontaneous adenocarcinomas Fgf-3 was expressed, which is found in 

human and mouse mammary tumours. In the DMBA  model, Fgf-1 and -13 are 

present, the former inducing angiogenesis the latter acting on fibroblasts. Both 

tumour types express Ddah, which is a angiogenesis promoting gene and 

Adamts1 which inhibits this process. In the DMBA induced tumours, more genes 

promoting rather than inhibiting angiogenesis are found. Both tumour groups 

show expression of Lgals7, a possibly apoptosis inducing gene which acts 
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downstream of p53.  The DMBA-induced tumours exhibit more genes related to 

proliferation than the spontaneous adenocarcinomas. Both groups express 

cyclinD1, a known oncogene in humans and mice. It has been related to the 

development of DMBA-induced tumours as sensitive rat strains show an up - 

regulation of this gene during tumour formation while the resistant Copenhagen 

rat does not. The up - regulation of cyclinD1 in human breast cancer is mainly 

due to amplification of the gene. In the DMBA model, several other ways are 

possible as it is the target of oestrogen, Ha-ras (which is known to undergo an 

activating mutation by DMBA) via amphiregulin and Lef/TCF.  The DMBA-

induced tumours exhibit a panel of matrix metalloproteinases which might explain 

the invasiveness of these tumours. In both tumour groups genes related to 

mammary development during pregnancy (Wnt4, cited4 and a2u-globulin) and in 

prenatal life (CDRAP) are found. These genes have so far not been implicated in 

the pathogenesis of breast cancer. Both Wnt4 and cited4 are hormone 

responsive genes (the former being progesterone dependent the latter being 

induced by prolactin). Additionally, the DMBA- induced tumours showed 

expression of Wnt5a, which in the mouse was like Wnt4 expressed during side 

branching of the mammary gland during pregnancy, but did not seem to be 

regulated by progesterone. Parathyroid hormone like hormone, pleiotrophin and 

amphiregulin play a role in the development and organogenesis of the mammary 

gland. Interestingly, the DMBA-induced adenocarcinomas did not produce beta 

casein and whey acidic protein, which may show a lesser degree of functional 

differentiation than the spontaneous adenocarcinomas, though this is not 

reflected in their morphology. The tumours induced by DMBA showed some 

genes found in oestrogen receptor positive breast cancer (C4.4a, ada, areg, stc2, 

Ddah), while in the spontaneous adenocarcinomas only one of them was found 

(Ddah). A gene, reported as a marker for MNU-induced mammary 

adenocarcinomas (RMT-1), was expressed only in the DMBA-induced tumours. 

This gene was found in young animals and in tumours of virgin rats, tumours of 

parous animals were not examined in the original study by Chiou and colleagues 

(Chiou et al, 2001). Interestingly, both tumours expressed genes, which are 



6 Discussion  93 

 

normally found during the development of the mammary gland during pregnancy 

(Wnt4, Cited4 and alpha2 urinary protein). None of these genes have so far been 

implicated in the genesis of breast cancer in rat or man. 

 
6.2.3 Comparison of non-metastasising DMBA-induced and 

metastasising MTLn3-induced mammary tumours 
 
In this part of the analysis, it is attempted to detect factors responsible for the 

higher malignancy of MTLn3 cells, especially metastasis-, antiapoptotic and 

proliferation associated genes. 

 

The most notable differences in DMBA-induced tumours versus those of the 

MTLn3-model are the presence of metastasis associated genes, ErbB2 and met 

oncogene combined with absence of hormone receptors in the MTLn3-model, 

while genes indicating mammary differentiation are missing (genes expressed in 

mammary development and lactation). The poor level of differentiation of MTLn3-

induced tumours is already apparent from histology (Figure 9). Another striking 

difference are the genes related to quick growth in the MTLn3-model: there is a 

large set of genes, expressed during mitosis, a set indicating hypoxia, which 

might indicate a pace of growth which is too rapid for proper nourishment and 

blood supply for the tumour cells. The hypoxia, which is reflected in the set of 

target genes of HIF and the fact that after glycolysis no genes of the citrate cycle 

follow but lactate hydrogenase, has probably led to the histologically observed 

necrosis and the up - regulation of caspases on the gene expression level. 

Furthermore, the up-regulation of genes belonging to cholesterol synthesis, is a 

sign of rapid growth as quickly dividing cells need intermediates of the cholesterol 

pathway for synthesis of cell membranes, and possibly more important 

intermediates of cholesterol synthesis like  farnesyl pyrophosphate and 

geranylgeranyl pyrophosphate are required for cell signalling, leading to 

stimulation of cell proliferation and signalling pathways involved in the 
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invasiveness and metastatic properties of highly invasive cancers (Hentosh et al.  

2001, Denoyelle et al.  2001). Surprisingly, RMT-1 was not up-regulated in the 

MTLn3-model - this gene has been associated with tumour development in virgin 

animals. A likely explanation would be the low degree of mammary differentiation 

of the MTLn3-tumours. In this aspect, it is interesting to note that in a study by 

Shen et al.  (2004) reelin was found only to be expressed in well differentiated 

tumours. This would match the expression in the tumours of this study, 

spontaneous and DMBA-induced tumours being comparatively better 

differentiated than those of the MTLn3-model. 

 

6.2.4 Comparison of rat and human breast tumour gene expression 
 

The comparison of gene expression profiles is complicated by several obstacles: 

species difference, nomenclature of homologous genes, different platforms used 

and different analysis approaches. 

A comparison was, however, attempted on the base of the published results of 

microarray experiments instead of attempting to compare the expression sets 

themselves which were, as mentioned, generated on different platforms 

examining different sets of genes. 

. 

 In the fibroadenomas genes from Gruvberger´s oestrogen responsive cluster 

and from Perou´s stroma/ fibroblast cluster were found. 

Table 14: Genes found in rat fibroadenoma and human tumours 

Oestrogen responsive Stc-2, Igf-2, Timp-3 

Stroma/ fibroblast CollVa1, Coll1a1, Coll1a2, Thy-1, 

lumican 

 

 

The spontaneous adenocarcinomas showed expression of basal and luminal 

genes 
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Table 15: Genes found in spontaneous rat adenocarcinomas and human breast 

cancer 

Basal Lgals7 

Luminal Krt8 

 

 

The tumours induced by DMBA were also showing expression of basal and 

luminal genes: 

Table 16: Genes found in DMBA-induced rat adenocarcinomas and human brest 

cancer 

Basal Krt5, Lgals7, Dusp6, Pleiotrophin, 

Mmp7, Top2a, Cdc2 

Luminal/ ER- positive cancer KRT8, Prolactin receptor, Gata3, 

Igfbp2, Ccnd1 

Her2 Grb7 

 

 

Tumours induced by MTLn3 showed some genes similar to human cases, which 

belonged mainly to the proliferation cluster (Table 17). There were, however, 

many genes regulated in opposite directions in human cases and MTLn3-induced 

rat tumours (Table 18).  

 

Table 17: Genes found in MTLn3-induced rat tumours and human breast cancer 

Proliferation cluster PTTG1, forkhead box M1, Top2a, Plk, 

Cdc2, Stk6, Chk1( =Chek1), Cyclinb1, 

Rhamm 

Basal Dusp6 

Her2 syndecan1 

 

Table 18: Genes found in MTLn3-induced rat tumours regulated differently in rat 

and human cases 
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basal cluster Krt5, Lgals7, Pleiotrophin 

luminal cluster epoxide hydrolase, angiotensin 

receptor1, prolactin receptor; 

Selenium binding protein2, Igfbp2, 

Timp3, Fasn . 

 

 
We were not able to detect tumours, which were characterised by the expression 

of either luminal or basal keratins, which seems to be the major emerging 

discriminating factor in human cases. Especially, the distinction based on 

keratins seems to fail in the rat tumours we examined. The adenocarcinomas 

(induced and spontaneous) showed an expression of both keratin 5 and 8. The 

MTLn3-model only expressed keratin 19 characteristic for mammary gland 

epithelial precursor cells (Wang et al. 2002, Helczynska et al. 2003). Keratin 5 

and 8 mRNA expression was not detected in MTLn3-tumours in our experiment. 

The other genes which were in human cases restricted to one subset of tumour 

were also mixed in our samples.  

 

 

6.3 Comprehensive discussion 
 

The aim of obtaining the gene expression profiles of spontaneous and induced 

mammary tumours of the rat was to get insight into the mechanisms, which lead 

to the development of the tumours and their suitability as a model in breast 

cancer research. On the other hand questions concerning the evaluation of 

mammary tumours in toxicology studies are discussed. 

 

The fibroadenomas investigated in this study showed a marked up-regulation of 

collagen synthesis, - maturation and fibrosis associated genes. It is known that 

stromal factors can contribute markedly to the growth of the epithelium, which 

leads to the question if genes encoding such factors were present in the 
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fibroadenoma expression profile. Some genes found in breast cancer stroma 

were indeed elevated in the dataset reported here (fibroblast activation protein, 

lysyl oxidase, Insulin like growth factor 2, lumican). At present it is not known if 

these genes could stimulate epithelial cells to develop carcinoma, or if they are 

rather a part of a fibrotic response to the invading edge of malignant epithelial 

cells. Some studies are pointing to a cancer promoting role of senescent stromal 

fibroblasts (Krtolica et al. 2001), interestingly, some of the genes which were 

reported to be up-regulated in another study (Hardy et al. 2005) examining gene 

expression in senescent fibroblasts (Thy-1, Gas6, Sparc, Ctsk, lumican, Timp3, 

Col1a1, Tdag51 (Phlda1)) were also found in the experiment reported here. The 

senescent fibroblasts were unable to provoke mutations in healthy epithelial cells, 

but were supportive of the growth of cells, which had undergone a mutation. This 

might point to a permissive role of the stroma of fibroadenoma once the 

epithelium had acquired initiating mutations  This, however seems a rare event 

given the low incidence of adenocarcinoma arising in fibroadenoma. Another hint 

to a premalignant status of fibroadenoma would be a similarity of the gene 

expression of fibroadenoma and adenocarcinoma. The similarities were, 

however, minimal. Only one gene (Cdrap), which was also expressed in both 

spontaneous and induced adenocarcinomas was detected in lower levels in 

fibroadenomas. Apart from this gene, none of the genes prominent in the 

fibroadenoma expression profile was found in either spontaneous or DMBA-

induced adenocarcinoma. The selected markers, NSE and Thy-1 were also only 

found in fibroadenomas. The expression of NSE has been described on 

myoepithelial cells (Nesland et al.  1988), as well as the expression of Thy-1 

(Ronnov- Jessen et al.  1996). The NSE and Thy-1 expressing cells in this study 

were shown to be fibroblasts displaying positivity for vimentin but not for 

cytokeratin.  

Nevertheless, the role of the genes, which were found in human breast cancer 

stroma should be investigated in adenocarcinomas, fibroadenomas and 

adenocarcinomas arising in fibroadenomas for their contribution to 

tumourigenesis. Additionally, it would be of interest to further explore the 
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properties of the stromal cells of fibroadenoma for their ability to support or 

prevent cancer formation in the adjacent epithelium. The fibroadenomas of rat 

and human show some similarities. Both occur in younger patients, both show 

oestrogen and progesterone receptor positivity. In older patients and older rats, 

fibroadenomas tend to show hyalinised stroma and atrophic epithelium (Lester 

2004).  Adenocarcinoma arising in fibroadenoma seems to be a rare entity in 

both species.  

The spontaneous and DMBA-induced adenocarcinomas could not be 

distinguished by histology. The gene expression profile was similar in some 

aspects but presented differences which could distinguish both conditions. Both 

spontaneous and DMBA-induced tumours showed over-expression of cyclin D1, 

which is observed in about 50% of human cases (Gillett et al. 1996; Barbareschi 

et al. 1996). In humans one of several possible reasons is the amplification of the 

gene (Dickson et al. 1995). This has been described in the PhiP-induced model 

of mammary cancer in the rat (Qiu et al. 2003). For the DMBA-model it was 

proposed by Shan et al (2002) that the up - regulation of CyclinD1 could be due 

to an up - regulation of Pdgf alpha and Cdk4. Based on the expression data of 

our experiment several other mechanisms can be suggested. CyclinD1 is a target 

of Prolactin stimulation (Clevenger et al. 2003), and could be regulated by Wnt5a, 

Lef1, Areg, Ha-ras, or oestrogen receptor. Interestingly, Fgf-3 and CyclinD1 are 

located on 11q13, a chromosomal region frequently amplified in human cases, it 

is not known yet, if similar amplifications are the reason for over-expression of 

Fgf-3 and cyclinD1 in spontaneous rat tumours. Another similarity between 

spontaneous and DMBA-induced adenocarcinomas is the expression of Wnt4. 

The Wnt pathway has so far not been implicated in the genesis of rat mammary 

tumours. Its role in mouse mammary tumours is, however, well documented 

(Callahan and Smith 2000). Wnt4 has been shown to act downstream of the 

progesterone receptor in side branching of the mammary gland in early 

pregnancy (Brisken et al. 2000), and mimics the effects of the known mammary 

oncogene Wnt1 (Edwards 1998). Recently, it has been recognised that a high 

percentage of human cases showed accumulation of beta-catenin, indicating an 
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active Wnt pathway (Lin et al., 2000). Therefore, this aspect of both spontaneous 

and induced adenocarcinomas might be an important similarity of human and rat 

cases, which merits further study. Both Wnt4 and cyclinD1 have been implicated 

in the organogenesis of the mammary gland and might be responsible for the 

similar morphology of spontaneous and induced mammary tumours in the 

reported experiment. As the development of malignant breast tumours depends 

on the developmental state of the gland, differences in gene expression which 

might reflect the nulliparous state of the animals bearing DMBA- induced tumours 

and the parous state of the spontaneous tumour bearing animals were searched. 

In a gene expression study conducted by D´Cruz et al. (2002), 38 genes were 

found altered between nulliparous and parous glands of both mice and rat 

strains. In the tumours of parous and virgin animals a few of these were 

distributed according to developmental state of the mammary. Casein beta and 

whey acidic protein were found only in the parous gland tumours, while 

amphiregulin and pleiotrophin were found in the nulliparous gland tumours. Some 

genes, which were described as up-regulated in the parous gland were also 

found in DMBA-induced tumours as adenosine deaminase and cyclinD1. 

Interestingly, both spontaneous tumours occurring in parous animals and DMBA-

induced tumours of virgin animals showed up-regulation of genes normally 

expressed during pregnancy (Wnt4, alpha2u protein, Cited4).  

If the selected markers for both conditions (Fgf-3 and Rmt-1) are valid beyond 

our study remains to be investigated. Although several authors have successfully 

been able to distinguish tumours according to their initiating agent based on gene 

expression profiling (different chemicals: Shan et al. 2005, mice transgenic for 

different oncogenes: Desai et al. 2002), it seems doubtful that a single marker 

would be expressed in all spontaneous tumours in carcinogenicity studies which 

might be as heterogeneous in the rat as in humans. Rmt-1 could be specific for 

tumours induced by MNU (Chiou et al. 2001) and DMBA. 

Summarising, the similarities of spontaneous and DMBA-induced tumours to their 

human counterparts include expression of cyclinD1 and Wnt4. The spontaneous 

tumours express Fgf-3, the DMBA-induced tumours amphiregulin, pleiotrophin, 
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prolactin receptor. The DMBA-model could possibly serve in the modelling of 

cyclinD1 over expressing human tumours or of tumours with an activated Wnt/ 

beta-catenin pathway apart from being a well documented model for hormone 

responsive breast cancer (Welsch 1985).  

The MTLn3-model has served as a model for metastatic breast cancer. It shows 

very advanced features and almost no (histologically or in its gene expression) 

resemblance to mammary tissue or to the spontaneous and DMBA-induced 

adenocarcinomas investigated in this study. Bartsch et al. (2000) and Hoon et al.  

(1984) have both investigated passaged tumours for their aberrance from primary 

tumours. Both have noted a change to more sarcomatous features. This does not 

seem to be the case with the MTLn3 cells investigated here. These show positive 

immunohistochemistry for both keratin and vimentin. Vimentin is found on 

aggressive human cancer cells and has been described on cultured mammary 

epithelial cells (Stoker et al.  1987), later expanded to hormone independent cell 

lines (Sommers et al.  1989) and, finally, to drug (adriamycin and vinblastine) 

resistant cells (Sommers et al.  1992). This would match the characteristics of the 

MTLn3 model. Most human cases retain a breast specific keratin pattern, though, 

which is not the case with MTLn3 cells. This might be due to the fact that the 

MTLn3 cells have been derived from a lung metastasis  of the 13762 

adenocarcinoma which was originally induced with DMBA in a Fischer344 rat. 

The relevance for most of the human cases is questionable as, due to better 

health awareness and screening programs, human cases present much more 

frequently before they have metastasised and still grow in situ. The growth 

properties of the cell culture derived models-not only the MTLn3 model alone - 

differ vastly from the human disease where tumours grow slower (Burdall et al. 

2003). The gene expression profile showed up - regulation of e.g. cyclinB1 

whose role in human breast cancer is less well documented than that of cyclinD1, 

although unscheduled (in more cell cycle phases than in normally cycling cells) 

synthesis has been found in breast cancer cases and breast cancer cell lines 

(Barrett et al. 2002). The up-regulation of HIF-targets reflects the quick growth of 

the MTLn3-tumours, and is implicated in drug resistance, this and the other 
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genes, which were found related to drug resistance in the gene expression 

profile, might impair the use of this model in efficiency testing of new drugs as it 

might bias research to advanced cases. The chosen marker for the MTLn3-

model, CD44s, has been described on advanced, metastatic breast cancer cases 

(Bourguignon 2001). This marker was, however, found on a few epithelial cells in 

the DMBA-induced tumours on the protein level. 

Neither MTLn3-induced tumours nor spontaneous and induced adenocarcinomas 

could be allocated to one of the subgroups found by gene expression profiling in 

human cases. MTLn3-cells show expression of keratin 19 and 13 (Wang et al.  

2002), which represent dedifferentiated mammary tissue. Although it has to be 

noted that almost all human cases retain staining for keratin 5 or 18,  about 0,4% 

of cases show no staining for these antigenes (Abd El-Rehim et al.  2004). The 

expression of keratin 5 and 18 might be a hint to a different genesis of rat 

mammary tumours compared to human cases. In human breast cancers a 

distinction can be made of cancers expressing luminal keratins like 8/18 and 

basal keratins like 5/6 and 14. There are however cases with an expression of 

both (27% of cases; Abd El-Rehim et al.  2004). These cases were mostly grade 

three tumours with no expression of the oestrogen receptor, poor differentiation 

and distant metastases. This pattern is not a feature of carcinomas induced by 

DMBA, which are well differentiated and do not metastasise. The expression of 

both basal and luminal keratins might still be a major difference between human 

and rat tumours as recent gene expression studies were able to distinguish 

cases on their keratin pattern as either luminal with three subgroups or basal 

including ErbB2 over expressing tumours. Further studies are needed to 

establish the keratin patterns in rat mammary tumours. 
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7 Summary 
 

Gene expression profiling of spontaneous and induced mammary tumours 
of the rat 
Heike Marxfeld 

 
The rat is a frequently used model species in human breast cancer research and 

in toxicology and carcinogenicity studies. The aim of this study was to generate 

gene expression profiles of spontaneous and induced mammary tumours of the 

rat to gain insight into the pathogenesis of these tumours. The results might 

contribute to the evaluation of rat mammary tumour models and to the 

differentiation of spontaneous and induced neoplasms in toxicology and 

carcinogenicity studies. Furthermore, the status of fibroadenoma in these studies 

is not entirely clear, by investigating the gene expression in spontaneous 

fibroadenomas and spontaneous adenocarcinomas information about a possible 

precancerous status of fibroadenoma may be gained.  

The gene expression profiles were generatd using a RAE230A affymetrix 

GeneChip specific for the rat. Selected genes were validated with 

immunohistochemistry (oestrogen receptor, progesterone receptor, NSE, Thy-1, 

CD44) and RT-QPCR (RMT-1, FGF-3). The comparison of spontaneous 

fibroadenomas and adenocarcinomas did not show similarities in gene 

expression. A high number of the genes up-regulated in fibroadenoma were 

associated with the stromal component of the tumour. These genes were not 

found in spontaneous adenocarcinoma, which showed expression of genes 

related to mammary morphogenesis not present in fibroadenoma. Many of these 

genes related to morphogenesis were also found in the DMBA-induced 

adenocarcinomas, which might account for their similar morphology. There were, 

however, a number of genes specific to the DMBA-induced tumours, which could 

be used to differentiate spontaneous and induced adenocarcinomas. The gene 

expression of the MTLn3-induced tumours bore no resemblance to the 
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spontaneous or DMBA-induced adenocarcinomas or to virgin mammary tissue. 

Genes up-regulated in this model reflected the high malignancy of these tumours. 

Among these, genes related to metastasis, high metabolic turnover and evasion 

of apoptosis were found as well as a notable absence of genes indicating 

mammary differentiation (e.g.: caseins). A comparison of human and rat breast 

cancer gene expression profiles failed to show an allocation of rat tumours to 

luminal or basal cell like groups in contrast to several studies of human breast 

cancer. Based on the data presented here, it can be assumed that fibroadenoma 

may not be a precancerous lesion, although further studies are needed, which 

include the rare entity of adenocarcinoma arising in fibroadenoma. If the genes 

which could differentiate spontaneous and induced adenocarcinomas are valid 

beyond this study remains to be investigated. Another interesting aspect would 

be to investigate if the genes involved in morphogenesis of the mammary gland 

can contribute to carcinogenesis. The gene expression of the MTLn3-tumours 

reflected the malignancy and dedifferentiation already apparent from histology. 

The use of this model should be restricted to investigations of advanced tumours.  
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8 Zusammenfassung 
Genexpressionsprofile von spontanen und induzierten Gesäugetumoren der 
Ratte 
Heike Marxfeld 
 

Die Ratte wird häufig als Modellspezies in der Erforschung von malignen 

Tumoren der menschlichen Brust und in Studien zur Toxizität und 

Kanzerogenitätsabschätzung von Pharmazeutika und Chemikalien eingesetzt. 

Ziel dieser Studie war es, Genexpressionsprofile von spontanen und induzierten 

Mammatumoren der Ratte zu erstellen, um Einblicke in die Pathogenese dieser 

Neoplasien zu erhalten. Dies kann möglicherweise zum einen zur Überprüfung 

der Validität der Brusttumormodelle in der Ratte dienen, zum anderen dazu 

beitragen, spontane und induzierte Neoplasien in Studien zur Toxizität und 

Kanzerogeneseabschätzung zu unterscheiden. Zudem ist die Klassifikation des 

Fibroadenoms in diesen Studien nicht gänzlich geklärt: es ist möglich, daß diese 

Tumoren eine präkanzerogene Läsion darstellen. Ein Vergleich der 

Genexpressionsprofile von spontanen Fibroadenomen und Adenokarzinomen 

soll darüber Aufschluß geben. 

Die Genexpressionsprofile wurden mit dem rattenspezifischen RAE230A 

GenChip der Firma Affymetrix generiert. Außerdem wurden spezifische Gene  

zur Validierung mit entweder Immunhistochemie (Östrogenrezeptor, 

Progesteronrezeptor, NSE, Thy-1, CD44) oder RT-QPCR (FGF-3, RMT-1) 

ausgewählt. 

Der Vergleich der Profile von spontanem Fibroadenom und Adenokarzinom 

zeigte keine Ähnlichkeiten. Eine große Zahl der im Fibroadenom aufregulierten 

Gene waren mit der stromalen Komponente des Tumors assoziiert. Diese Gene 

waren im Profil der spontanen Adenokarzinome nicht vertreten. Diese zeigten 

eine Aufregulation von Genen, die an der Morphogenese der Milchdrüse beteiligt 

sind und nicht im Profil der Fibroadenome vertreten waren. Viele der an der 

Morphogenese der Mamma beteiligten Gene fanden sich auch im Profil der 
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DMBA-induzierten Adenokarzinome, dies könnte erklären, warum sich diese 

Tumoren histologisch nicht unterscheiden lassen. Es gab jedoch eine Anzahl 

Gene, die spezifisch für spontane oder induzierte Adenokarzinome waren und 

somit zur ihrer Unterscheidung beitragen können. Die Genexpression der 

MTLn3-induzierten Tumoren zeigte keine Ähnlichkeiten mit den spontanen oder 

DMBA-induzierten Adenokarzinomen oder normalem Mammagewebe. Gene, 

deren Expression in diesem Model aufreguliert waren, spiegelten die hohe 

Malignität der MTLn3-Zellen wieder. Es fanden sich Gene, die bei der 

Metastasierung und Apoptoseresistenz beteiligt sind, sowie Gene, deren 

Produkte an dem rapiden Stoffwechsel maligner Tumorzellen beteiligt sind. Bei 

den MTLn3-Tumoren konnten keine Gene gefunden werden, deren Transkription 

typisch für die Milchdrüse ist (z.B.: Casein). Beim Vergleich der 

Genexpressionsprofile von Mammatumoren des Menschen und der Ratte, 

konnte bei dieser keine Einteilung in Tumoren mit Charakteristika von entweder 

luminalen oder basalen Zellen der Milchdrüse, wie sie in mehreren Studien von 

malignen Brusttumoren des Menschen gezeigt wurde, vorgenommen werden.  

Basierend auf den Daten, die in dieser Studie generiert wurden, kann 

angenommen werden, daß das Fibroadenom der Milchdrüse der Ratte keine 

Vorläuferläsion zum Adenokarzinom darstellt. Ob die Gene, die in dieser Studie 

zur Unterscheidung von spontanen und induzierten Adenokarzinomen 

beigetragen haben, Gültigkeit über das hier untersuchte Tumormaterial hinaus 

besitzen, muß ebenfalls in nachfolgenden Studien geklärt werden. Weitere 

Fragestellungen, die sich aus dieser Arbeit ergeben, ist die Erforschung des 

Beitrages der morphologieassoziierten Gene zur Krebsentstehung in der 

Brustdrüse. Die Genexpression der MTLn3 induzierten Tumoren zeigte die 

Malignität und Dedifferenzierung dieser Zellen, die schon im histologischen 

Schnitt ersichtlich ist. Die Verwendung dieses Modells sollte demnach der 

Erforschung sehr fortgeschrittener Fälle vorbehalten bleiben. 
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9.1 Appendix: Figures 

Figure 1: Immunohistochemical staining of progesterone receptor (Zymed) in 
nuclei of epithelial tumour cells of DMBA-induced adenocarcinoma (DAB-
method) 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Immunohistochemical staining of oestrogene receptor (Novocastra) in 
nuclei of epithelial cells of DMBA-induced adenocarcinoma (DAB-method) 
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Figure 3: Immunohistochemical staining of NSE-antigen (Dako) in cytoplasm of 
fibroblasts in fibroadenoma (DAB-method) surrounding glandular elements 

 

Figure 4: Immunohistochemical staining of Thy-1-antigen (Research diagnostics) 
in cytoplasm of fibroblasts in fibroadenoma (DAB-method) surrounding glandular 
elements 
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Figure 5: Immunohistochemical staining of CD44 (Research diagnostics) on cell 
borders of MTLn3 tumour cells (DAB-method) 
 

 
Figure 6: Fibroadenoma, HE: Glandular elements surrounded by dense stroma 
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Figure 7: Spontaneous adenocarcinoma, HE: Epithelial tumour cells forming acini 
supported by a fine fibrous stroma  

 
Figure 8: DMBA-induced adenocarcinoma, HE: Acini surrounded by multiple 
layers of tumour cells supported by a fine fibrous stroma 
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Figure 9: MTLn3-induced tumour, HE: Solid sheets of tumour cells showing no 
glandular arrangement. Note bizarre mitotic figures. 
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9.2 Appendix: Gene lists 
 

Gene lists derived after initial filtering, ANOVA and fold change (cf. Materials and 

methods: 4.5.2 Comparison of tumour groups) 

Table 19: Gene expression of fibroadenoma versus post-lactating control  
Affymetrix 

identifier 

Short 

name Gene name 

Post-lactating control 

mean (range) 

Fibroadenoma 

mean (range) 

1368561_at Abcd2 

ATP-binding cassette, 

sub-family D (ALD), 

member 2 3.356 (2.409 to 4.004) 0.884 (0.738 to 1.097) 

1386869_at Actg2 actin, gamma 2 1.414 (1 to 2.259) 5.737 (4.82 to 6.283) 

1387811_at Agt angiotensinogen 6.926 (4.319 to 9.145) 0.808 (0.633 to 1.289) 

1367556_s_

at Alb albumin 119.1 (42.07 to 356.4) 0.436 (0.129 to 1.236) 

1367555_at Alb albumin 184 (80.13 to 445.2) 1.333 (0.959 to 2.056) 

1368718_at Aldh1a4 

aldehyde dehydrogenase 

family 1, subfamily A4 9.323 (7.037 to 11.1) 0.633 (0.0805 to 11.58) 

1369625_at Aqp1  1.058 (1 to 1.104) 3.176 (2.165 to 4.346) 

1368317_at Aqp7 aquaporin 7 5.571 (3.229 to 7.96) 0.991 (0.763 to 1.308) 

1371021_at Arsb  0.426 (0.343 to 0.562) 1.368 (1.147 to 1.547) 

1370964_at Ass  0.335 (0.141 to 1.124) 

0.062 (0.0451 to 

0.0871) 

1389270_x_

at Atpi  22.51 (10.19 to 73.74) 0.728 (0.592 to 0.817) 

1370396_x_

at Atpi 

urinary protein 2 

precursor 32.61 (11.07 to 151.3) 0.482 (0.253 to 0.772) 

1370349_a_

at Atpi 

3' non-translated beta-

F1-ATPase mRNA-

binding protein 58.84 (23.59 to 194.4) 0.235 (0.179 to 0.37) 

1368482_at Bcl2a1 BCL2-related protein A1 1.227 (0.873 to 1.692) 0.234 (0.167 to 0.313) 

1369415_at Bhlhb2 

basic helix-loop-helix 

domain containing, class 

B2 0.271 (0.219 to 0.317) 1.056 (0.912 to 1.152) 

1370113_at Birc2 

inhibitor of apoptosis 

protein 1 1.52 (0.846 to 2.067) 0.445 (0.379 to 0.491) 

1371127_at Bmp1 

procollagen C-proteinase 

3 0.525 (0.404 to 0.638) 2.09 (1.776 to 2.599) 

1370508_a_

at Cacna1g 

calcium channel alpha-1-

G subunit 0.921 (0.557 to 1.753) 11.52 (9.534 to 16.15) 
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1367755_at Cdo1 

cytosolic cysteine 

dioxygenase 1 2.02 (1.636 to 2.249) 0.545 (0.387 to 0.854) 

1369320_at Cdrap 

cartilage derived retinoic 

acid sensitive protein 6.346 (4.834 to 9.108) 19.32 (12.3 to 28.29) 

1370363_at Ces3 cholesterol esterase 5.64 (2.583 to 9.532) 0.592 (0.345 to 1) 

1387856_at Cnn3  0.34 (0.262 to 0.536) 1.086 (0.96 to 1.197) 

1370864_at Col1a1 Collagen alpha1 0.833 (0.431 to 1.343) 3.269 (3.081 to 3.628) 

1387854_at Col1a2  0.822 (0.475 to 1.169) 3.427 (3 to 4.033) 

1369955_at Col5a1 collagen, type V, alpha 1 0.892 (0.411 to 1.788) 4.915 (3.733 to 6.194) 

1368293_at Cpz carboxypeptidase Z 1.044 (0.642 to 1.809) 4.512 (2.983 to 5.715) 

1387830_at Crp C-reactive protein 11.81 (3.428 to 50.91) 0.358 (0.098 to 0.719) 

1369947_at Ctsk cathepsin K 1.062 (0.607 to 1.645) 5.522 (4.616 to 7.61) 

1368155_at Cyp2c12 cytochrome P450 2C12 17.73 (4.56 to 82.63) 0.32 (0.112 to 0.755) 

1367871_at Cyp2e1 

cytochrome P450, 

subfamily 2E, polypeptide 

1 11.66 (8.028 to 20.61) 0.944 (0.904 to 0.986) 

1370951_at Dri 42 

ER transmembrane 

protein 0.701 (0.227 to 1.583) 3.959 (2.779 to 6.127) 

1370950_at Dri42  1.02 (0.524 to 1.686) 3.105 (2.363 to 4.903) 

1387306_a_

at Egr2 early growth response 2 0.977 (0.778 to 1.198) 6.4 (5.848 to 6.816) 

1368512_a_

at Enpep aminopeptidase A 1.434 (0.807 to 2.254) 4.715 (4.654 to 4.829) 

1369663_at Ephx2 

cytosolic epoxide 

hydrolase 1.907 (1.56 to 2.754) 0.597 (0.473 to 0.691) 

1368717_at Faah 

fatty acid amide 

hydrolase 1.694 (0.92 to 2.662) 0.541 (0.408 to 0.671) 

1368271_a_

at Fabp4 

fatty acid binding protein 

4 14.8 (11.08 to 17.44) 3.079 (1.701 to 4.965) 

1369422_at Fap 

fibroblast activation 

protein 1.447 (0.853 to 2.206) 7.648 (6.041 to 8.772) 

1367707_at Fasn fatty acid synthase 1.86 (0.69 to 4.223) 0.601 (0.505 to 0.727) 

1387082_at Fetub fetuin beta 8.306 (2.778 to 36.2) 0.429 (0.381 to 0.531) 

1370312_at f-spondin f-spondin 1.107 (0.753 to 1.457) 3.375 (3.112 to 3.905) 

1369735_at Gas6 growth arrest specific 6 2.326 (2.233 to 2.438) 7.103 (5.689 to 8.038) 

1369640_at Gja1  0.462 (0.343 to 0.667) 1.874 (1.193 to 2.491) 

1370310_at Hmgcs2 

3-hydroxy-3-

methylglutaryl-Coenzyme 

A synthase 2 8.846 (5.882 to 11.04) 0.856 (0.568 to 1.256) 

1370065_at Hpx hemopexin 10.94 (4.077 to 40.01) 1.031 (0.803 to 1.257) 
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1367571_a_

at Igf2 

insulin-like growth factor 

II (somatomedin A) 1.968 (1.513 to 2.368) 8.044 (5.841 to 12.58) 

1387180_at Il1r2 

interleukin 1 receptor, 

type II 0.557 (0.346 to 1) 2.869 (2.571 to 3.237) 

1387198_at Inpp5d 

inositol polyphosphate-5-

phosphatase D 1.841 (1.141 to 2.858) 0.52 (0.449 to 0.638) 

1368930_at Kcnn4 

intermediate 

conductance calcium-

activated potassium 

channel 1.55 (1.444 to 1.732) 0.302 (0.181 to 0.581) 

1370469_at LC-PTP 

cytosolic protein tyrosine 

phosphatase 2.581 (1.51 to 3.791) 0.704 (0.615 to 0.791) 

1387132_at Lipe 

lipase, hormone  

sensitive 2.992 (2.272 to 3.531) 0.929 (0.708 to 1.132) 

1368544_a_

at 

LOC853

83 

unknown Glu-Pro 

dipeptide repeat protein 0.964 (0.662 to 1.226) 3.036 (2.623 to 3.534) 

1368172_a_

at Lox  0.568 (0.393 to 0.76) 2.934 (1.522 to 5.015) 

1368171_at Lox 

lysyl oxidase (an H-rev 

gene with its expression 

down-regulated in HRAS-

transformed rat 208F 

fibroblasts) 0.354 (0.226 to 0.452) 1.793 (1.245 to 2.187) 

1367749_at Lum lumican 0.802 (0.559 to 1.427) 2.726 (2.257 to 3.268) 

1368810_a_

at Mbp  3.734 (3.094 to 4.736) 0.555 (0.278 to 1.704) 

1368816_at Mpz  8.066 (6.675 to 11.54) 0.439 (0.0796 to 2.945) 

1370805_at msg1 

melanocyte-specific gene 

1 protein 0.7 (0.538 to 0.81) 2.93 (1.599 to 6.513) 

1368302_at Msx1 homeo box, msh-like 1 1.928 (1.215 to 2.96) 12.75 (9.358 to 16.83) 

1370027_a_

at Mug1 

alpha(1)-inhibitor 3, 

variant I 20.76 (5.973 to 94.41) 0.0742 (0.0526 to 0.13) 

1369999_a_

at Nnat neuronatin 2.916 (1.639 to 4.316) 0.655 (0.478 to 0.927) 

1370341_at NSE neuron-specific enolase 0.837 (0.739 to 0.944) 2.98 (1.859 to 4.005) 

1386912_at Pcolce 

procollagen C-proteinase 

enhancer protein 0.814 (0.471 to 1.627) 4.613 (4.039 to 5.645) 

1369473_at Pgm1 phosphoglucomutase 1 0.386 (0.248 to 0.585) 1.29 (1.126 to 1.426) 

1370114_a_

at Pik3r1 

phosphatidylinositol 3-

kinase p45 subunit 13.37 (12.19 to 15.7) 2.156 (1.76 to 2.485) 

1386884_at Prss11 protease, serine, 11 0.867 (0.564 to 1.205) 2.702 (2.193 to 3.361) 
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1370012_at Ptgis prostaglandin I2 synthase 0.878 (0.481 to 1.186) 0.0837 (0.052 to 0.188) 

1368080_at Rgc32 Rgc32 protein 3.002 (2.497 to 3.772) 0.887 (0.711 to 1) 

1369045_at Rgs14 

regulator of G-protein 

signaling 14 3.767 (2.078 to 5.926) 0.65 (0.511 to 0.86) 

1368494_at S100a8 

S100 calcium-binding 

protein A8 (calgranulin A) 0.146 (0.107 to 0.184) 

0.0215 (0.0127 to 

0.0331) 

1370355_at Scd1 

stearoyl-Coenzyme A 

desaturase 1 3.982 (1.585 to 7.356) 0.334 (0.289 to 0.367) 

1370973_at Scn6a  2.244 (2.164 to 2.404) 0.684 (0.317 to 1.01) 

1387189_at Slc22a3 

solute carrier family 22, 

member 3 3.177 (1.584 to 5.359) 0.14 (0.0873 to 0.274) 

1368227_at Slc28a2 

solute carrier family 28, 

member 2 1.587 (1.264 to 1.873) 0.488 (0.348 to 0.652) 

1368046_at Slc31a1 

solute carrier family 31 

(copper transporters), 

member 1 0.46 (0.334 to 0.719) 1.474 (1.275 to 1.626) 

1370115_at Slc7a10 

solute carrier family 7, 

(cationic amino acid 

transporter, y+ system) 

member 10 3.977 (2.878 to 4.983) 0.811 (0.593 to 1.39) 

1367998_at Slpi 

secretory leukocyte 

protease inhibitor 1.326 (0.681 to 2.291) 0.214 (0.134 to 0.336) 

1398245_at Sncg synuclein, gamma 17.59 (8.307 to 33.76) 2.32 (1.628 to 4.673) 

1367563_at Sparc osteonectin 0.673 (0.387 to 1.071) 2.456 (2.164 to 2.758) 

1370987_at Spn  3.887 (1.524 to 7.22) 0.435 (0.324 to 0.529) 

1368671_at Srpx 

down-regulated by v-src 

gene 1.699 (0.79 to 2.78) 8.114 (6.64 to 10.27) 

1369579_at Stc2 stanniocalcin-2 0.23 (0.137 to 0.536) 5.443 (3.019 to 7.589) 

1368860_at Tdag 

T-cell death associated 

gene 0.5 (0.344 to 0.68) 2.331 (1.639 to 3.496) 

1369651_at Thy1 

thymus cell surface 

antigen 0.825 (0.496 to 1.304) 5.579 (3.554 to 7.338) 

1368989_at Timp3 

tissue inhibitor of 

metalloproteinase 3 0.561 (0.386 to 1) 2.054 (1.754 to 2.452) 

1368237_at Tnmd myodulin 1.152 (1.034 to 1.383) 15.75 (9.527 to 22.69) 

1368762_at Ubd ubiquitin D 1.907 (1.34 to 2.444) 0.142 (0.0838 to 0.208) 

1369484_at Wisp2 

WNT1 inducible signaling 

pathway protein 2 0.43 (0.272 to 0.601) 2.229 (2.022 to 2.692) 
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Table 20: Gene expression of spontaneous adenocarcinoma versus post - lactating 
control 

Affymetrix 

identifier 

Short 

name Gene name 

Post-lactating control 

mean (range) 

Spontaneous 

adenocarcinoma  

mean (range) 

1368561_at Abcd2 

ATP-binding cassette, 

sub-family D (ALD), 

member 2 3.356 (2.409 to 4.004) 0.966 (0.625 to 1.888) 

1386869_at Actg2 actin, gamma 2 1.414 (1 to 2.259) 5.944 (3.278 to 8.081) 

1368223_at Adamts1 

a disintegrin and 

metalloproteinase with 

thrombospondin motifs 1 0.604 (0.474 to 0.798) 2.865 (2.358 to 4.013) 

1367556_s_a

t Alb albumin 119.1 (42.07 to 356.4) 1.25 (0.44 to 4.701) 

1367555_at Alb albumin 184 (80.13 to 445.2) 1.616 (0.664 to 6.79) 

1368003_at Aldh1a2 

aldehyde dehydrogenase 

family 1, subfamily A2 0.626 (0.588 to 0.706) 2.145 (1.425 to 3.409) 

1368718_at Aldh1a4 

aldehyde dehydrogenase 

family 1, subfamily A4 9.323 (7.037 to 11.1) 0.423 (0.32 to 0.532) 

1386938_at Anpep kidney aminopeptidase M 0.855 (0.666 to 1.018) 0.247 (0.173 to 0.463) 

1387376_at Aox1 aldehyde oxidase 2.891 (2.128 to 3.466) 0.264 (0.121 to 0.999) 

1368317_at Aqp7 aquaporin 7 5.571 (3.229 to 7.96) 1.69 (0.623 to 4.95) 

1370627_at Arhv Chp 0.684 (0.506 to 0.876) 2.072 (1.798 to 2.498) 

1389270_x_a

t Atpi  22.51 (10.19 to 73.74) 0.91 (0.816 to 1.112) 

1370396_x_a

t Atpi 

urinary protein 2 

precursor 32.61 (11.07 to 151.3) 0.721 (0.634 to 0.883) 

1370349_a_

at Atpi 

3' non-translated beta-

F1-ATPase mRNA-

binding protein 58.84 (23.59 to 194.4) 0.434 (0.35 to 0.502) 

1369415_at Bhlhb2 

basic helix-loop-helix 

domain containing, class 

B2 0.271 (0.219 to 0.317) 1.436 (1 to 1.831) 

1371643_at Ccnd1  0.699 (0.443 to 1) 2.914 (2.387 to 3.346) 

1386901_at Cd36 CD36 antigen 2.051 (1.798 to 2.347) 0.583 (0.122 to 1.491) 

1369320_at Cdrap 

cartilage derived retinoic 

acid sensitive protein 6.346 (4.834 to 9.108) 28.9 (26.47 to 33.99) 

1370363_at Ces3 cholesterol esterase 5.64 (2.583 to 9.532) 0.235 (0.0197 to 2.543) 

1370225_at Cited4  1.35 (1 to 1.669) 8.655 (7.48 to 10.53) 

1368115_at Cldn3 claudin 3 1.58 (1.21 to 2.103) 5.435 (4.327 to 6.992) 



116  9 Appendix 

 

1387767_a_

at Col2a1 type II collagen 4.518 (2.697 to 5.999) 19.57 (12.41 to 27.55) 

1387830_at Crp C-reactive protein 11.81 (3.428 to 50.91) 0.175 (0.128 to 0.245) 

1368155_at Cyp2c12 cytochrome P450 2C12 17.73 (4.56 to 82.63) 0.417 (0.101 to 0.916) 

1367871_at Cyp2e1 

cytochrome P450, 

subfamily 2E, polypeptide 

1 11.66 (8.028 to 20.61) 0.695 (0.542 to 0.815) 

1370399_at Cyp4b1 

cytochrome P450, 

subfamily 4B, polypeptide 

1 1.516 (1.19 to 1.835) 0.393 (0.259 to 0.598) 

1387111_at Ddah1 

dimethylarginine 

dimethylaminohydrolase 

1 

0.177 (0.0779 to 

0.294) 0.923 (0.759 to 1.119) 

1387084_at Dpp4 dipeptidyl peptidase 4 1.489 (1.102 to 1.796) 0.46 (0.291 to 0.593) 

1368949_at Ebf 

early B-cell factor 

(olfactory neuronal 

transcription factor 1) 3.152 (2.748 to 3.802) 0.855 (0.586 to 1.268) 

1369663_at Ephx2 

cytosolic epoxide 

hydrolase 1.907 (1.56 to 2.754) 0.287 (0.187 to 0.422) 

1368271_a_

at Fabp4 

fatty acid binding protein 

4 14.8 (11.08 to 17.44) 0.948 (0.251 to 10.05) 

1387082_at Fetub fetuin beta 8.306 (2.778 to 36.2) 0.188 (0.151 to 0.215) 

1387532_at Fgf3 fibroblast growth factor 3 0.153 (0.0878 to 0.46) 33.01 (18.51 to 83.23) 

1387709_at Figf VEGF-D 0.676 (0.536 to 1.052) 0.214 (0.0876 to 0.36) 

1368304_at Fmo3 

flavin-containing 

monooxygenase 3 1.773 (1 to 3.002) 0.257 (0.111 to 0.549) 

1386985_at Gstm2 

glutathione S-

transferase, mu 1 2.337 (1.858 to 2.761) 0.489 (0.312 to 1) 

1370310_at Hmgcs2 

3-hydroxy-3-

methylglutaryl-Coenzyme 

A synthase 2 8.846 (5.882 to 11.04) 0.126 (0.0211 to 1) 

1370148_at Hp haptoglobin 9.407 (2.754 to 42.83) 0.772 (0.643 to 0.932) 

1370065_at Hpx hemopexin 10.94 (4.077 to 40.01) 0.683 (0.658 to 0.728) 

1387180_at Il1r2 

interleukin 1 receptor, 

type II 0.557 (0.346 to 1) 0.08 (0.0153 to 0.198) 

1370776_a_

at Kcnk6 

2P domain K+ channel 

TWIK-2 0.818 (0.705 to 1.006) 2.972 (2.038 to 4.713) 

1368017_at Lgals7 

lectin, galactose binding, 

soluble 7 1.706 (1.047 to 3.477) 6.983 (6.363 to 7.962) 

1387132_at Lipe 

lipase, hormone  

sensitive 2.992 (2.272 to 3.531) 0.444 (0.243 to 1.387) 
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1370708_a_

at 

LOC191

574 

dihydrodiol 

dehydrogenase 1.59 (1.115 to 1.924) 0.208 (0.128 to 0.488) 

1370563_at 

LOC191

574 

steroid 3-alpha-

dehydrogenase 1.874 (1.316 to 2.277) 0.207 (0.123 to 0.43) 

1370778_at 

LOC259

245 alpha-2u globulin 

0.0633 (0.0128 to 

0.252) 14.98 (7.768 to 25.25) 

1370779_x_a

t 

LOC259

245 alpha-2u globulin 0.255 (0.229 to 0.275) 22.62 (10.65 to 36.49) 

1387629_at 

LOC640

27 zetin 1 0.686 (0.566 to 0.906) 3.311 (2.262 to 4.691) 

1368810_a_

at Mbp  3.734 (3.094 to 4.736) 0.917 (0.557 to 1.584) 

1370831_at Mgl2 monoglyceride lipase 2.389 (1.482 to 3.36) 0.691 (0.592 to 0.917) 

1368816_at Mpz  8.066 (6.675 to 11.54) 0.89 (0.4 to 2.219) 

1370805_at msg1 

melanocyte-specific gene 

1 protein 0.7 (0.538 to 0.81) 7.353 (2.415 to 17.37) 

1370027_a_

at Mug1 

alpha(1)-inhibitor 3, 

variant I 20.76 (5.973 to 94.41) 0.105 (0.0623 to 0.166) 

1387879_a_

at 

NAPOR-

3 

apoptosis-related RNA 

binding protein 1.653 (0.898 to 2.475) 0.434 (0.347 to 0.498) 

1370941_at Pdgfra  1.739 (1.328 to 2.432) 0.377 (0.226 to 0.798) 

1367949_at Penk-rs 

preproenkephalin, related 

sequence 1.176 (0.965 to 1.338) 10.08 (7.208 to 15.48) 

1370114_a_

at Pik3r1 

phosphatidylinositol 3-

kinase p45 subunit 13.37 (12.19 to 15.7) 1.928 (1.866 to 2.015) 

1370012_at Ptgis prostaglandin I2 synthase 0.878 (0.481 to 1.186) 0.115 (0.0713 to 0.269) 

1368358_a_

at Ptprr 

protein tyrosine 

phosphatase, receptor 

type, R 2.996 (2.37 to 4.403) 0.736 (0.545 to 0.866) 

1369093_at Reln reelin 2.126 (1.523 to 3.254) 7.46 (6.489 to 8.986) 

1368080_at Rgc32 Rgc32 protein 3.002 (2.497 to 3.772) 0.841 (0.651 to 1.37) 

1369045_at Rgs14 

regulator of G-protein 

signaling 14 3.767 (2.078 to 5.926) 0.651 (0.193 to 1.326) 

1388202_at RT1Aw2  0.945 (0.596 to 1.193) 3.002 (2.506 to 4.214) 

1370972_x_a

t RT1Aw2  0.943 (0.46 to 2.07) 4.29 (3.428 to 5.914) 

1370429_at RT1Aw2 

MHC class I RT1.C-type 

protein 1.412 (0.321 to 7.139) 9.919 (8.457 to 11.71) 

1388255_x_a

t rt1-Eg RT1-Eg protein 1.472 (0.103 to 28.13) 44.91 (40.7 to 50.85) 
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1371209_at rt1-Eg RT1-Eg protein 

0.594 (0.0549 to 

24.12) 42.94 (34.09 to 51.45) 

1371210_s_a

t rt1-El RT1-El protein 1.044 (0.197 to 8.669) 13.28 (9.723 to 15.92) 

1370355_at Scd1 

stearoyl-Coenzyme A 

desaturase 1 3.982 (1.585 to 7.356) 0.918 (0.407 to 1.823) 

1370973_at Scn6a  2.244 (2.164 to 2.404) 0.484 (0.283 to 0.955) 

1370419_a_

at SETA 

SH3 domain-containing 

adapter protein isoform 

SETA-1x23 1.395 (0.481 to 2.765) 0.428 (0.351 to 0.548) 

1368227_at Slc28a2 

solute carrier family 28, 

member 2 1.587 (1.264 to 1.873) 0.525 (0.308 to 0.916) 

1367998_at Slpi 

secretory leukocyte 

protease inhibitor 1.326 (0.681 to 2.291) 0.388 (0.265 to 0.713) 

1370987_at Spn  3.887 (1.524 to 7.22) 0.962 (0.718 to 1.348) 

1387017_at Sqle squalene epoxidase 0.203 (0.152 to 0.246) 0.689 (0.583 to 0.806) 

1368860_at Tdag 

T-cell death associated 

gene 0.5 (0.344 to 0.68) 1.901 (1.372 to 3.46) 

1388204_at 

UMRCas

e collagenase 0.634 (0.541 to 0.754) 7.228 (4.374 to 15.03) 

1368380_at Vtn vitronectin 3.06 (1 to 11.79) 0.335 (0.213 to 0.639) 

1368641_at Wnt4 

wingless-type MMTV 

integration site family, 

member 4 0.902 (0.449 to 1.493) 3.008 (2.417 to 4.579) 

1368428_at Xpnpep2 

X-prolyl aminopeptidase 

(aminopeptidase P) 2, 

membrane-bound 0.793 (0.518 to 1.091) 

0.0957 (0.0335 to 

0.469) 

 
Table 21: Gene expression of DMBA – induced adenocarcinoma versus virgin 
control 

Affymetrix 
identifier Short name Gene name 

Virgin control  
 mean (range) 

DMBA-induced 
adenocarcinoma 
 mean (range) 

1368561_at Abcd2 
ATP-binding cassette, sub-
family D (ALD), member 2 9.075 (7.245 to 11.68) 0.669 (0.6 to 0.809) 

1370071_at Ada adenosine deaminase 0.897 (0.762 to 1) 6.052 (5.896 to 6.189) 

1368223_at Adamts1 

a disintegrin and 
metalloproteinase with 
thrombospondin motifs 1 0.846 (0.814 to 0.869) 5.946 (4.323 to 9.898) 

1399096_at Add3 1.513 (1.386 to 1.725) 0.464 (0.427 to 0.529) 

1370137_at Agps 

alkyl-
dihydroxyacetonephosphate 
synthase precursor 0.194 (0.123 to 0.427) 0.913 (0.726 to 1.21) 
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1368869_at Akap12 2.73 (2.299 to 3.387) 0.204 (0.172 to 0.257) 

1367555_at Alb albumin 35.92 (15.92 to 63.01) 0.826 (0.431 to 1.315) 

1370043_at Alcam 
activated leukocyte cell 
adhesion molecule 0.567 (0.486 to 0.669) 2.135 (2.027 to 2.292) 

1368003_at Aldh1a2 
aldehyde dehydrogenase 
family 1, subfamily A2 0.788 (0.673 to 0.885) 6.83 (5.388 to 9.223) 

1370638_at Ank3 190 kDa ankyrin isoform 0.228 (0.188 to 0.255) 1.488 (1.163 to 1.882) 

1367974_at Anx3 Annexin III (Lipocortin III) 0.791 (0.698 to 1.013) 0.207 (0.15 to 0.29) 
1368587_at Apoc1 apolipoprotein C-I 0.924 (0.54 to 1.353) 14.2 (9.355 to 22.93) 

1368605_at Aps 

adaptor protein with 
pleckstrin homology and src 
homology 2 domains 2.992 (2.384 to 3.676) 0.56 (0.514 to 0.648) 

1368317_at Aqp7 aquaporin 7 27.48 (20.75 to 35.74) 0.83 (0.689 to 0.991) 
1368621_at Aqp9 aquaporin 9 0.323 (0.277 to 0.417) 3.482 (2.212 to 7.137) 

1369871_at Areg amphiregulin preproprotein 2.347 (0.923 to 4.227) 24.43 (16.68 to 31.87) 

1370627_at Arhv Chp 0.628 (0.547 to 0.722) 2.672 (2.161 to 3.024) 

1371108_a_at Atp1a1 
Na,K-ATPase alpha-1 
subunit 0.472 (0.382 to 0.528) 1.52 (1.405 to 1.752) 

1368477_at Atp2a3 
ATPase, Ca++ transporting, 
ubiquitous 3.963 (2.951 to 5.558) 1.094 (0.749 to 1.89) 

1370823_at Bambi 
kinase-deficient TGFbeta 
superfamily receptor subunit 0.75 (0.648 to 0.881) 3.56 (2.914 to 5.154) 

1369415_at Bhlhb2 
basic helix-loop-helix domain 
containing, class B2 0.276 (0.245 to 0.34) 2.823 (2.37 to 3.348) 

1369773_at Bmp3 
bone morphogenetic protein 
3 2.267 (1.845 to 2.664) 9.803 (4.138 to 23.89) 

1387043_at C4.4a 
GPI-anchored metastasis-
associated protein homolog 0.433 (0.38 to 0.545) 2.667 (1.937 to 3.415) 

1369764_at C4bpa 
complement component 4 
binding protein, alpha 1.379 (1.004 to 1.994) 0.0873 (0.0295 to 0.308)

1386977_at Ca3 carbonic anhydrase 3 27.11 (26.6 to 27.67) 0.535 (0.257 to 1) 
1368437_at Ca4 carbonic anhydrase 4 0.636 (0.36 to 0.885) 0.063 (0.0484 to 0.0797)
1387292_s_at Capn8 calpain 8 1.645 (1.226 to 2.216) 16.71 (14.67 to 18.84) 
1371150_at CCND1 CYCLIN D1 0.529 (0.344 to 0.896) 3.309 (3.105 to 3.704) 

1371643_at Ccnd1 0.69 (0.575 to 0.949) 3.616 (3.384 to 3.951) 

1386901_at Cd36 CD36 antigen 2.68 (1.955 to 3.791) 0.107 (0.0673 to 0.176) 

1370891_at Cd48 
OX-45 antigen preprotein 
(AA -22 to 218) 1.726 (1.558 to 1.966) 0.572 (0.299 to 0.849) 

1367776_at Cdc2a 
cell division cycle 2 homolog 
A 0.258 (0.173 to 0.455) 0.925 (0.507 to 1.487) 

1386947_at Cdh1 cadherin 1 0.452 (0.42 to 0.495) 1.516 (1.447 to 1.631) 



120  9 Appendix 

 

1369194_a_at Cdkn2a 
cyclin-dependent kinase 
inhibitor 2a p16Ink4a 0.51 (0.209 to 0.894) 36.26 (20.31 to 57.69) 

1369320_at Cdrap 
cartilage derived retinoic acid 
sensitive protein 6.073 (3.286 to 10.15) 49.18 (42.53 to 53) 

1369643_a_at Cirl2 CL2BC 0.383 (0.341 to 0.434) 2.055 (1.731 to 2.48) 

1369644_at Cirl2 
calcium-independent alpha-
latrotoxin receptor homolog 20.543 (0.413 to 0.721) 1.793 (1.581 to 1.911) 

1370225_at Cited4 1.985 (1.465 to 3.348) 15.27 (8.285 to 36.19) 
1387991_at cls4 calpain 1.321 (1.218 to 1.554) 8.397 (6.874 to 9.889) 
1387856_at Cnn3 0.588 (0.474 to 0.658) 2.697 (2.315 to 3.332) 
1398321_a_at Col12a1 collagen XII alpha 1 0.193 (0.0864 to 0.379) 0.763 (0.643 to 0.846) 
1388459_at Col18a1 0.805 (0.661 to 0.976) 3.777 (3.294 to 4.257) 

1388143_at Col18a1 0.725 (0.607 to 0.877) 2.848 (2.628 to 3.164) 
1369657_at Cpa1 carboxypeptidase A1 20.07 (10.6 to 34.88) 0.584 (0.469 to 0.906) 

1368124_at Cpg21 
MAP-kinase phosphatase 
(cpg21) 0.413 (0.403 to 0.424) 1.957 (1.591 to 2.217) 

1368059_at Crym crystallin, mu 0.718 (0.592 to 0.808) 2.706 (2.567 to 2.853) 
1368913_at Csn2 casein beta 60.8 (36.19 to 96.16) 1.277 (1 to 2.038) 

1388054_a_at Cspg2 
versican V3 isoform 
precursor 0.399 (0.324 to 0.53) 2.911 (1.726 to 4.08) 

1388142_at Cspg2 0.546 (0.425 to 0.624) 3.675 (2.375 to 4.798) 
1371232_a_at Cspg2 versican Vint isoform 0.578 (0.49 to 0.665) 2.999 (1.72 to 3.992) 
1368162_at Cst6 cystatin N 0.932 (0.787 to 1.028) 10.42 (6.786 to 22.26) 

1370329_at Cyp2d18 cytochrome P450 2D18 1.951 (1.594 to 2.294) 0.598 (0.495 to 0.768) 
1370956_at Dcn 1.745 (1.623 to 1.985) 0.462 (0.454 to 0.474) 

1387111_at Ddah1 
dimethylarginine 
dimethylaminohydrolase 1 0.228 (0.187 to 0.323) 1.257 (1.188 to 1.311) 

1370216_at Ddr1 0.85 (0.729 to 1.077) 2.819 (2.569 to 3.215) 

1368007_at Dmbt1 
deleted in malignant brain 
tumours 1 2.65 (2.138 to 3.684) 0.314 (0.223 to 0.409) 

1368294_at Dnase1l3 deoxyribonuclease I-like 3 4.923 (4.768 to 5.099) 0.359 (0.273 to 0.552) 

1368281_at dpep1 dipeptidase 1.191 (1.098 to 1.384) 0.212 (0.151 to 0.276) 
1368282_at Dpep1 dipeptidase 1 1.272 (1 to 1.52) 0.217 (0.172 to 0.271) 

1367994_at Dpyd 
dihydropyrimidine 
dehydrogenase 1.796 (1.405 to 2.23) 0.485 (0.313 to 0.644) 

1370951_at Dri 42 ER transmembrane protein 3.206 (2.985 to 3.606) 0.516 (0.456 to 0.631) 

1387024_at Dusp6 
dual specificity phosphatase 
6 0.329 (0.282 to 0.391) 1.621 (1.487 to 1.788) 

1368949_at Ebf 

early B-cell factor (olfactory 
neuronal transcription factor 
1) 6.819 (5.599 to 9.519) 0.504 (0.433 to 0.59) 

1387439_at Egfl3 MEGF6 0.451 (0.351 to 0.595) 1.63 (1.228 to 2.104) 

1368174_at Egln3 
factor-responsive smooth 
muscle protein 0.453 (0.417 to 0.494) 1.494 (1.202 to 2.162) 

1387306_a_at Egr2 early growth response 2 0.824 (0.652 to 1.236) 7.579 (7.236 to 8.291) 
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1398266_a_at Egr2 Krox-20 protein 0.863 (0.606 to 1.384) 5.367 (4.94 to 5.892) 
1368512_a_at Enpep aminopeptidase A 2.111 (1.636 to 3.14) 0.11 (0.0566 to 0.222) 

1368536_at Enpp2 

phosphodiesterase 
I/nucleotide 
pyrophosphatase 2 2.733 (2.39 to 3.225) 0.229 (0.164 to 0.313) 

1370845_at Entpd2 1.29 (1 to 2.016) 0.248 (0.232 to 0.276) 

1369703_at Epas1 
endothelial PAS domain 
protein 1 1.492 (1.175 to 1.737) 0.361 (0.325 to 0.408) 

1368515_at Epb4.1l3 
erythrocyte protein band 4.1-
like 3 2.058 (1.236 to 3.771) 6.188 (5.848 to 6.646) 

1369017_at Erg2 

potassium voltage-gated 
channel, subfamily H, 
member 6 0.126 (0.0933 to 0.147) 0.584 (0.203 to 1.743) 

1368774_a_at Espn espin 0.514 (0.413 to 0.732) 3.067 (2.021 to 4.34) 

1387196_at Etle 
etoile, Sam68-like protein 
SLM-2 0.935 (0.829 to 1) 3.069 (2.152 to 5.278) 

1387715_at Expi 
extracellular proteinase 
inhibitor 0.0231 (0.0152 to 0.0349) 0.417 (0.258 to 1.013) 

1370939_at Facl2 
long-chain acyl-CoA 
synthetase 10.12 (9.357 to 11.07) 0.201 (0.175 to 0.252) 

1388153_at Facl2 14.14 (11.76 to 18.66) 0.165 (0.12 to 0.241) 

1368177_at Facl3 
fatty acid Coenzyme A 
ligase, long chain 3 0.457 (0.389 to 0.55) 1.937 (1.674 to 2.182) 

1372476_at Fads3 1.724 (1.249 to 2.07) 0.347 (0.332 to 0.367) 
1369422_at Fap fibroblast activation protein 2.528 (1.859 to 3.959) 0.683 (0.599 to 0.776) 
1367708_a_at Fasn 3.039 (2.679 to 3.753) 0.955 (0.841 to 1.066) 
1368829_at Fbn1 3.224 (2.509 to 4.494) 0.613 (0.548 to 0.692) 
1387794_at Fcna ficolin A 8.75 (6.933 to 12.46) 0.372 (0.256 to 0.572) 

1387301_at Fgf1 fibroblast growth factor 1 1.002 (0.808 to 1.275) 11.14 (9.061 to 13.58) 
1368114_at Fgf13 fibroblast growth factor 13 1.66 (1.336 to 1.878) 13.91 (11.26 to 18.91) 

1369373_at Fgfr3 
fibroblast growth factor 
receptor 3 0.956 (0.881 to 1.008) 4.864 (4.391 to 5.41) 

1370623_at Fgl2 prothrombinase FGL2 2.406 (1.978 to 3.237) 0.264 (0.19 to 0.358) 

1387053_at Fmo1 
flavin-containing 
monooxygenase 1 3.225 (2.842 to 3.494) 0.231 (0.204 to 0.262) 

1368304_at Fmo3 
flavin-containing 
monooxygenase 3 3.058 (2.155 to 3.984) 0.149 (0.101 to 0.194) 

1369018_at Foxm1 forkhead box M1 0.25 (0.077 to 0.476) 0.967 (0.694 to 1.303) 

1368378_at Fthfd 
10-formyltetrahydrofolate 
dehydrogenase 3.76 (2.835 to 5.751) 0.893 (0.617 to 1.298) 

1369960_at Fxyd1 phospholemman precursor 4.008 (3.192 to 5.657) 0.297 (0.239 to 0.363) 
1389360_at Fxyd3 1.427 (1.328 to 1.518) 4.318 (3.848 to 5.262) 
1370375_at Ga L-glutamine amidohydrolase 0.727 (0.638 to 0.847) 2.632 (2.027 to 4.106) 
1387600_at Gabrp GABA-A receptor pi subunit 0.336 (0.244 to 0.42) 2.424 (1 to 3.809) 
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1369525_at Gata3 GATA-binding protein 3 0.999 (0.952 to 1.06) 3.503 (3.427 to 3.648) 
1387659_at Gda guanine deaminase 1.426 (1.219 to 1.677) 0.157 (0.136 to 0.196) 

1368374_a_at Ggtp 
gamma-glutamyl 
transpeptidase 0.293 (0.257 to 0.363) 3.04 (2.684 to 3.341) 

1368924_at Ghr growth hormone receptor 5.073 (3.634 to 7.268) 0.944 (0.753 to 1.349) 

1369640_at Gja1 0.567 (0.447 to 0.708) 1.911 (1.625 to 2.497) 

1387747_at Gjb3 
gap junction membrane 
channel protein beta 3 0.53 (0.319 to 0.956) 2.448 (1.739 to 3.912) 

1386933_at Gp2 
secretory (zymogen) granule 
membrane glycoprotein GP2 4.001 (3.273 to 5.299) 69.59 (46.63 to 133.7) 

1369560_at Gpd3 
glycerol 3-phosphate 
dehydrogenase 22.64 (19.18 to 31.14) 0.225 (0.203 to 0.24) 

1387182_at Gpr37 

G protein-coupled receptor 
37 (endothelin receptor type 
B-like) 0.569 (0.457 to 0.644) 5.23 (4.493 to 6.019) 

1368334_at Grb7 
growth factor receptor 
binding protein GRB7 0.651 (0.58 to 0.78) 1.968 (1.325 to 2.994) 

1386936_at Grifin 
galectin-related inter-fiber 
protein 9.736 (8.332 to 12.73) 0.691 (0.538 to 0.793) 

1370365_at Gss glutathione synthetase 0.876 (0.615 to 1.228) 2.74 (2.613 to 2.905) 

1368233_at Gtf2f2 

general transcription factor 
IIF, polypeptide 2 (30kD 
subunit) 0.659 (0.599 to 0.782) 3.045 (2.003 to 4.344) 

1387036_at Hes1 hairy and enhancer of split 1 0.66 (0.587 to 0.779) 2.014 (1.819 to 2.175) 

1387270_at Hhex 
hematopoietically expressed 
homeobox 1.811 (1.377 to 2.337) 0.249 (0.215 to 0.279) 

1368407_at Hpse heparanase 3.185 (2.507 to 3.599) 0.558 (0.384 to 1) 
1370202_at Hrasls3 4.493 (3.745 to 5.27) 0.637 (0.51 to 0.734) 
1368247_at Hspa1a heat shock 70kD protein 1A 0.64 (0.581 to 0.773) 2.058 (1.939 to 2.158) 
1388219_at Htr5b serotonin receptor 0.897 (0.689 to 1.298) 16.87 (13.41 to 22.15) 

1387769_a_at Id3 Id3a 2.418 (2.273 to 2.545) 0.381 (0.26 to 0.519) 
1370333_a_at Igf1 2.804 (2.295 to 3.401) 0.432 (0.374 to 0.501) 

1367648_at Igfbp2 
insulin-like growth factor 
binding protein 2 2.478 (2.019 to 3.13) 12.86 (10.72 to 14.67) 

1387348_at Igfbp5 4.959 (2.737 to 7.638) 1.586 (1.046 to 2.32) 

1387625_at Igfbp6 
insulin-like growth factor 
binding protein 6 9.083 (7.094 to 14.86) 1.062 (0.785 to 1.407) 

1388109_at Ig-Hepta 2.221 (1.868 to 2.856) 0.393 (0.378 to 0.404) 
1369665_a_at IL-18 interleukin-18 1.042 (0.795 to 1.21) 4.503 (3.566 to 6.84) 
1386987_at Il6r interleukin 6 receptor 1.617 (1.218 to 2.23) 0.253 (0.218 to 0.33) 
1371006_at Jag2 0.847 (0.611 to 1.092) 6.574 (5.308 to 7.634) 
1388230_at Jub Ajuba protein 0.684 (0.528 to 0.871) 2.365 (2.024 to 3.013) 
1388155_at Krt1-18 2.472 (2.317 to 2.755) 7.539 (6.328 to 9.874) 
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1370863_at Krt2-5 1.051 (0.773 to 1.503) 6.192 (5.815 to 6.993) 

1370538_at Lama3 laminin-5 alpha 3 chain 0.573 (0.55 to 0.601) 2.403 (1.74 to 2.881) 

1388218_at Ldlr; LDLRA 
Low density lipoprotein 
receptor 0.238 (0.131 to 0.328) 1.477 (1.037 to 2.319) 

1370138_at Lef1 
lymphoid enhancer binding 
factor 1 1.593 (0.129 to 6.75) 11.98 (11.61 to 12.76) 

1368017_at Lgals7 
lectin, galactose binding, 
soluble 7 1.02 (0.774 to 1.37) 20.21 (17.1 to 23.32) 

1387132_at Lipe lipase, hormone  sensitive 7.69 (6.151 to 9.866) 0.204 (0.124 to 0.344) 

1368368_a_at Lisch7 
liver-specific bHLH-Zip 
transcription factor 7 0.672 (0.61 to 0.752) 2.255 (2.118 to 2.526) 

LOC171569 4.77 (3.797 to 6.902) 0.892 (0.593 to 1.186) 
LOC207125 0.94 (0.793 to 1.03) 2.97 (2.695 to 3.118) 

1369917_at LOC246143 

p75-like apoptosis-inducing 
death domain protein 
PLAIDD 1.201 (1 to 1.412) 3.803 (3.589 to 4.027) 

1370779_x_at LOC259245 alpha-2u globulin 0.31 (0.152 to 0.578) 88.7 (20.27 to 266.5) 
1370778_at LOC259245 alpha-2u globulin 0.43 (0.184 to 0.772) 107.8 (27.59 to 286.1) 

1370770_s_at LOC60428 
stem cell factor KL-2 
precursor 0.456 (0.353 to 0.557) 1.415 (1.236 to 1.632) 

1387629_at LOC64027 zetin 1 0.776 (0.673 to 1.019) 3.322 (2.937 to 3.749) 

1367894_at LOC64194 
growth response protein (CL-
6) 2.342 (1.885 to 3.276) 0.363 (0.273 to 0.431) 

1386965_at Lpl lipoprotein lipase 3.22 (2.864 to 3.648) 0.217 (0.184 to 0.289) 

1387492_at Matr1 matrin F/G 1 0.496 (0.453 to 0.588) 1.686 (1.471 to 1.828) 
1368810_a_at Mbp 6.967 (5.317 to 11.58) 0.332 (0.224 to 0.406) 

1368756_at Mch 

medium-chain S-acyl fatty 
acid synthetase thio ester 
hydrolase ( 25.5 (19.46 to 31.47) 3.553 (1 to 11.09) 

1371164_at Mcpt10 granzyme-like protein II 0.0253 (0.0123 to 0.0371) 13.2 (6.973 to 28.89) 
1368501_s_at Mcpt9 mast cell protease 9 0.738 (0.725 to 0.749) 10.29 (7.011 to 17.32) 
1368965_at Mct3 monocarboxylate transporter 0.28 (0.249 to 0.335) 0.972 (0.685 to 1.553) 
1368422_at Meox2 mesenchyme homeo box 2 1.977 (1.549 to 2.378) 0.272 (0.171 to 0.529) 
1375247_at Mgll 4.779 (3.244 to 7.266) 0.813 (0.638 to 1.133) 

1368530_at Mmp12 matrix metalloproteinase 12 0.212 (0.185 to 0.254) 0.72 (0.406 to 0.997) 

1368657_at Mmp3 matrix metalloproteinase 3 0.139 (0.0994 to 0.205) 4.008 (0.587 to 13.78) 

1368766_at Mmp7 
matrix metalloproteinase 7 
(matrilysin) 0.136 (0.0645 to 0.254) 29.4 (16.99 to 52.04) 
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1369670_at Mox2 

antigen identified by 
monoclonal antibody MRC 
OX-2 1.494 (1 to 1.912) 4.494 (4.207 to 4.891) 

1370805_at msg1 
melanocyte-specific gene 1 
protein 3.855 (3.204 to 4.884) 34.48 (30.31 to 38.97) 

1368441_at Msln mesothelin 0.142 (0.106 to 0.17) 3.132 (2.223 to 4.036) 

1368120_at Nell1 
protein kinase C-binding 
protein NELL1 0.993 (0.677 to 1.292) 9.509 (6.87 to 14.23) 

1370695_s_at NIPK kinase 0.382 (0.249 to 0.477) 0.0647 (0.0332 to 0.169)
1369999_a_at Nnat neuronatin 6.026 (4.391 to 8.978) 0.817 (0.266 to 1.705) 

1371166_at nos3 
endothelial nitric oxide 
synthase 2.339 (1.778 to 2.822) 0.397 (0.342 to 0.452) 

1371036_at Nrcam 0.926 (0.743 to 1.239) 8.949 (5.307 to 18.33) 
1370477_at Ocm 0.0286 (0.0241 to 0.0319) 0.19 (0.0801 to 0.332) 

1370336_at Okl38 
pregnancy-induced growth 
inhibitor OKL38 0.246 (0.12 to 0.481) 1.093 (0.757 to 1.776) 

1376198_at OL-16 4.01 (2.937 to 7.343) 0.44 (0.41 to 0.472) 
1387961_at Opcml cell adhesion-like molecule 0.445 (0.37 to 0.584) 12.67 (9.9 to 18.04) 

1368940_at P2ry2 
purinergic receptor P2Y, G-
protein coupled 2 0.522 (0.418 to 0.752) 0.167 (0.108 to 0.23) 

1369157_at Pde3b phosphodiesterase 3B 7.31 (5.681 to 9.487) 0.621 (0.378 to 0.858) 

1369229_at Pde5a 
phosphodiesterase 5A, 
cGMP-specific 0.344 (0.201 to 0.616) 1.789 (1.409 to 2.564) 

1374452_at Pde9a 0.542 (0.298 to 0.741) 1.688 (1.275 to 2.003) 

1370427_at Pdgfa 
platelet-derived growth factor 
A chain 0.697 (0.506 to 0.836) 2.388 (2.141 to 2.808) 

1387091_at Pdi2 
peptidyl arginine deiminase, 
type 2 1.136 (0.887 to 1.301) 3.829 (3.327 to 4.139) 

1387562_at Pdi3 
peptidyl arginine deiminase, 
type 3 0.373 (0.292 to 0.518) 6.634 (4.591 to 9.601) 

1387239_a_at Pdi4 
peptidylarginine deiminase 
type IV 0.0218 (0.01 to 0.0967) 0.216 (0.0824 to 0.411) 

1367949_at Penk-rs 
preproenkephalin, related 
sequence 2.232 (1.365 to 4.604) 25.55 (16.91 to 37.7) 

1371731_at Pfkl 7.482 (5.772 to 10.45) 0.635 (0.484 to 0.741) 
1367970_at Pfn2 profilin IIa 0.438 (0.368 to 0.478) 1.62 (1.029 to 2.217) 
1387015_at Pfn2 profilin II 0.486 (0.405 to 0.553) 1.562 (1.169 to 1.835) 
1368919_at Pgf 0.406 (0.232 to 0.588) 8.088 (6.678 to 8.912) 

1368918_at Pgf placental growth factor 0.751 (0.601 to 0.988) 4.322 (3.181 to 5.203) 

1387563_at Pgr progesterone receptor 1.536 (1.164 to 2.35) 14.92 (12.78 to 16.23) 

1367811_at Phgdh 
3-phosphoglycerate 
dehydrogenase 1.716 (1.369 to 2.101) 0.334 (0.305 to 0.394) 

1387271_at Phyh 
phytanoyl-CoA hydroxylase 
(Refsum disease) 3.599 (2.941 to 4.343) 0.935 (0.86 to 0.989) 

1369449_at Plin perilipin 7.504 (5.501 to 9.407) 0.788 (0.707 to 0.844) 
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1371043_a_at Pou3f3 1.589 (1.177 to 2.263) 33.75 (26.42 to 46.18) 
1387886_at Prelp 1.17 (1.08 to 1.294) 0.379 (0.166 to 0.853) 

1371133_a_at Prkar2b 

type II cAMP-dependent 
protein kinase regulatory 
subunit 4.314 (3.344 to 5.557) 0.882 (0.741 to 1.001) 

1389662_at Prkwnk4 0.164 (0.0757 to 0.299) 3.013 (2.369 to 3.548) 

1370384_a_at 
PRL 
receptor prolactin receptor 14.13 (12.2 to 15.8) 57.19 (43.25 to 75.61) 

1370789_a_at Prlr lactogen receptor 3.838 (2.74 to 4.681) 23.84 (19.14 to 34.62) 

1386884_at Prss11 protease, serine, 11 1.447 (1.13 to 2.042) 0.408 (0.366 to 0.471) 

1367851_at Ptgds prostaglandin D synthase 2.503 (2.109 to 3.478) 8.774 (6.54 to 11.73) 

1368681_at Pthlh 
parathyroid hormone-like 
peptide 0.996 (0.919 to 1.076) 4.325 (3.286 to 5.883) 

1369968_at Ptn 

pleiotrophin (Heparine 
binding factor, Hbnf, in the 
mouse) 1.809 (1.544 to 2.164) 10.63 (8.652 to 13.68) 

1368350_at Ptprz1 

protein tyrosine 
phosphatase, receptor-type, 
Z polypeptide 1 0.22 (0.163 to 0.382) 1.122 (0.856 to 1.451) 

1367885_at Pxmp2 
peroxisomal membrane 
protein 2 5.171 (3.708 to 6.931) 0.974 (0.788 to 1.089) 

1367791_at Ramp1 
receptor-activity modifying 
protein 1 5.163 (4.121 to 6.711) 0.509 (0.464 to 0.561) 

1367701_at Ramp2 
receptor (calcitonin) activity 
modifying protein 2 2.098 (1.825 to 2.629) 0.321 (0.286 to 0.358) 

1367939_at Rbp1 Retinol-binding protein 1 0.749 (0.6 to 1) 4.903 (3.094 to 6.268) 

1369093_at Reln reelin 2.233 (1.678 to 2.743) 15.64 (12.71 to 20.28) 
1373957_at Reln 1.508 (1.126 to 1.856) 7.218 (6.52 to 8.254) 

1368203_at rEnaca 
epithelial sodium channel 
alpha subunit 0.27 (0.194 to 0.375) 3.114 (2.031 to 4.023) 

1368080_at Rgc32 Rgc32 protein 4.52 (3.23 to 6.064) 0.468 (0.374 to 0.604) 

1368627_at Rgn regucalcin 1.012 (0.838 to 1.136) 0.0609 (0.0229 to 0.359)

1387066_a_at Rgs12 
regulator of G-protein 
signaling 12 0.789 (0.717 to 0.9) 3.077 (2.356 to 4.146) 

1369045_at Rgs14 
regulator of G-protein 
signaling 14 3.354 (2.732 to 4.303) 0.807 (0.629 to 1) 

1387153_at Ril reversion induced LIM gene 0.836 (0.638 to 0.978) 2.765 (2.471 to 2.936) 

1370646_at Rmt1 
mammary cancer associated 
protein RMT-1 1.99 (1.41 to 2.402) 107.8 (71.86 to 204.9) 

1370806_at Rmt7 hypothetical protein RMT-7 3.327 (2.429 to 4.073) 1.102 (1.005 to 1.315) 

1368255_at RNU16845 neurotrimin 0.839 (0.457 to 1.177) 5.043 (2.663 to 7.428) 
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1389734_x_at RT1Aw2 1.409 (1.035 to 1.743) 0.416 (0.246 to 1.106) 

1368914_at Runx1 
Runt related transcription 
factor 1 0.523 (0.507 to 0.541) 2.096 (1.878 to 2.333) 

1386903_at S100b 
S100 calcium-binding 
protein, beta (neural) 41.49 (32.48 to 50.92) 3.032 (1.992 to 5.925) 

1370355_at Scd1 
stearoyl-Coenzyme A 
desaturase 1 17.94 (17.43 to 18.88) 0.284 (0.2 to 0.419) 

1386889_at Scd2 0.307 (0.18 to 0.476) 1.367 (1.261 to 1.602) 

1387104_at Scnn1a 
sodium channel, nonvoltage-
gated 1, alpha (epithelial) 0.726 (0.649 to 0.797) 4.134 (2.861 to 5.554) 

1367849_at Sdc1 syndecan 1 0.325 (0.277 to 0.377) 1.539 (1.165 to 1.908) 

1370419_a_at SETA 

SH3 domain-containing 
adapter protein isoform 
SETA-1x23 1.839 (1.5 to 2.048) 0.572 (0.509 to 0.619) 

1367992_at Sgne1 

secretory granule 
neuroendocrine, protein 1 
(7B2 protein) 1.371 (1.322 to 1.454) 4.459 (3.205 to 5.706) 

1367658_at Shank3 SH3/ankyrin domain gene 3 1.772 (1.472 to 2.506) 0.453 (0.401 to 0.494) 

1386981_at Slc16a1 
solute carrier family 16, 
member 1 0.96 (0.785 to 1.063) 0.294 (0.226 to 0.402) 

1368565_at Slc1a3 
solute carrier family 1, 
member 3 2.486 (2.048 to 2.94) 0.354 (0.272 to 0.433) 

1368295_at Slc21a9 

solute carrier family 21 
(organic anion transporter), 
member 9 3.03 (2.526 to 3.64) 0.462 (0.412 to 0.493) 

1387189_at Slc22a3 
solute carrier family 22, 
member 3 7.489 (5.243 to 9.631) 0.344 (0.312 to 0.4) 

1370848_at Slc2a1 0.468 (0.273 to 0.796) 1.431 (1.352 to 1.524) 

1367989_at Slc2a4 
solute carrier family 2 , 
member 4 10.16 (7.139 to 16.5) 0.564 (0.401 to 0.675) 

1368391_at Slc7a1 
solute carrier family 7, 
member 1 0.746 (0.603 to 1) 2.994 (2.123 to 4.392) 

1368392_at Slc7a1 0.834 (0.778 to 0.934) 2.612 (2.149 to 3.72) 

1370115_at Slc7a10 

solute carrier family 7, 
(cationic amino acid 
transporter, y+ system) 
member 10 9.533 (8.521 to 11.77) 0.486 (0.453 to 0.507) 
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1387057_at Slc7a8 

solute carrier family 7 
(cationic amino acid 
transporter, y+ system), 
member 8 2.254 (1.771 to 2.926) 0.378 (0.297 to 0.44) 

1398245_at Sncg synuclein, gamma 53.36 (42.72 to 65.42) 1.006 (0.617 to 2.641) 
1368106_at Snk serum-inducible kinase 0.855 (0.708 to 1.036) 2.942 (2.423 to 3.283) 
1368322_at Sod3 superoxide dismutase 3 4.745 (3.891 to 6.312) 0.359 (0.274 to 0.532) 
1368224_at Spin2c serine protease inhibitor 2c 4.677 (3.426 to 6.166) 0.141 (0.101 to 0.21) 
1367581_a_at Spp1 osteopontin 0.268 (0.227 to 0.348) 3.543 (2.435 to 6.842) 
1387017_at Sqle squalene epoxidase 0.155 (0.0536 to 0.273) 1.327 (1.183 to 1.465) 
1373124_at Src 0.772 (0.603 to 0.898) 3.384 (3.099 to 3.799) 
1389030_a_at Src 0.74 (0.564 to 0.935) 2.605 (2.402 to 2.885) 

1368671_at Srpx 
down-regulated by v-src 
gene 4.284 (3.677 to 4.78) 0.935 (0.655 to 1.268) 

1370161_at Ssg1 3.806 (3.263 to 4.149) 0.541 (0.382 to 0.735) 
1370019_at Sult1a1 sulfotransferase SULT1A1 3.52 (2.708 to 4.472) 0.117 (0.1 to 0.147) 
1368971_a_at Synj2 synaptojanin 2B2 0.71 (0.573 to 0.801) 2.352 (1.79 to 2.737) 

1387280_a_at TA1 tumour-associated protein 1 0.433 (0.226 to 0.697) 2.815 (2.293 to 3.199) 
1368900_at Thbd thrombomodulin 2.97 (2.406 to 3.699) 0.101 (0.0758 to 0.153) 

1370150_a_at Thrsp 
thyroid hormone responsive 
SPOT14 homolog 25.31 (24.43 to 25.87) 1.099 (1 to 1.174) 

1371400_at Thrsp 29.47 (24.54 to 34.63) 1.148 (1 to 1.285) 

1387852_at Thrsp 
thyroid hormone responsive 
SPOT14 homolog 63.59 (57.34 to 76.92) 1.42 (1 to 1.902) 

1388650_at Top2a 0.246 (0.0704 to 0.609) 0.866 (0.446 to 1.592) 

1368540_at Tpbg trophoblast glycoprotein 0.514 (0.458 to 0.59) 2.029 (1.962 to 2.126) 

1369108_at Trp63 
transformation related 
protein 63 0.57 (0.501 to 0.667) 4.042 (3.347 to 4.901) 

1369370_s_at Trpv4 

transient receptor potential 
cation channel, subfamily V, 
member 4 0.358 (0.126 to 1.384) 1.371 (1 to 1.668) 

1368669_at Ucp2 
Uncoupling protein 2, 
mitochondrial 0.987 (0.679 to 1.415) 3.012 (2.625 to 3.24) 

1388204_at UMRCase collagenase 0.27 (0.162 to 0.388) 10.41 (1.534 to 28.43) 

1388170_at Vad 0.832 (0.615 to 1.083) 4.385 (4.261 to 4.631) 

1387751_at Wap whey acidic protein 49.47 (17.65 to 95.95) 1.703 (1 to 3.728) 

1368641_at Wnt4 

wingless-type MMTV 
integration site family, 
member 4 0.986 (0.47 to 2.816) 5.779 (4.766 to 7.78) 

1369263_at Wnt5a 
wingless-type MMTV 
integration site 5A 0.827 (0.74 to 1) 5.34 (3.613 to 6.496) 
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Table 22: Gene expression of MTLn3 induced tumours versus virgin control 

Affymetrix 

identifier 

Short 

name Gene name 

Virgin control 

 mean (range) 

MTLn3-induced 

tumour  

mean (range) 

 

1368561_at Abcd2 

ATP-binding cassette, 

sub-family D (ALD), 

member 2 9.075 (7.245 to 11.68) 

0.568 (0.445 to 

0.724) 

1368103_at Abcg1 

ATP-binding cassette, 

sub-family G (WHITE), 

member 1 1.062 (0.99 to 1.104) 

0.233 (0.203 to 

0.268) 

1367897_at Acadvl 

acyl-Coenzyme A 

dehydrogenase, very 

long chain 1.376 (1.224 to 1.494) 

0.446 (0.384 to 

0.519) 

1387840_at Acp1 

acid phosphatase 1, 

soluble 0.784 (0.713 to 0.87) 

2.882 (2.794 to 

2.973) 

1386869_at Actg2 actin, gamma 2 2.041 (1.357 to 2.565) 

0.553 (0.438 to 

0.699) 

1368553_at Acvrl1 

activin A receptor type II-

like 1 2.139 (1.673 to 3.132) 0.33 (0.291 to 0.376) 

1370071_at Ada adenosine deaminase 0.897 (0.762 to 1) 

2.749 (2.685 to 

2.815) 

1368370_at Adcy4 Adenylyl cyclase 4 1.879 (1.531 to 2.636) 0.487 (0.47 to 0.503) 

1367644_at Adcy6 adenylyl cyclase type VI 2.097 (1.901 to 2.203) 

0.568 (0.534 to 

0.604) 

1387219_at Adm 

adrenomedullin 

precursor 0.977 (0.947 to 1) 

12.93 (9.692 to 

17.25) 

1369870_at Admr adrenomedullin receptor 2.153 (1 to 3.377) 0.259 (0.203 to 0.33) 

1368574_at Adra1b 

adrenergic receptor, 

alpha 1b 2.493 (1.741 to 3.843) 0.774 (0.714 to 0.84) 

1370393_at AF092207 0.559 (0.456 to 0.624) 2.04 (2.037 to 2.042) 

1370137_at Agps 

alkyl-

dihydroxyacetonephosph

ate synthase precursor 0.194 (0.123 to 0.427) 

2.931 (2.875 to 

2.988) 

1387811_at Agt angiotensinogen 31.15 (12.71 to 62.58) 

0.737 (0.565 to 

0.963) 

1369291_at Agtr1a angiotensin receptor 1a 2.359 (1.596 to 3.12) 

0.365 (0.284 to 

0.469) 

1368869_at Akap12  2.73 (2.299 to 3.387) 

0.237 (0.205 to 

0.274) 
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1368868_at Akap12 

A kinase (PRKA) anchor 

protein (gravin) 12 2.249 (1.89 to 2.854) 

0.512 (0.366 to 

0.717) 

1367556_s_

at Alb albumin 19.27 (12.35 to 26.81) 

0.498 (0.259 to 

0.958) 

1367555_at Alb albumin 35.92 (15.92 to 63.01) 

0.954 (0.738 to 

1.235) 

1387022_at Aldh1a1 

aldehyde dehydrogenase 

family 1, member A1 0.248 (0.206 to 0.297) 3.247 (2.753 to 3.83) 

1388240_a_

at 

alpha 7 

integrin alpha 7C integrin 5.061 (3.177 to 7.338) 0.849 (0.655 to 1.1) 

1370937_a_

at 

alpha 7 

integrin alpha 7A integrin 4.347 (2.889 to 5.941) 

0.968 (0.801 to 

1.171) 

1368342_at Ampd3 

adenosine 

monophosphate 

deaminase 3 0.394 (0.318 to 0.478) 

2.473 (2.439 to 

2.507) 

1370638_at Ank3 190 kDa ankyrin isoform 0.228 (0.188 to 0.255) 

1.045 (0.887 to 

1.231) 

1367584_at Anxa2 calpactin I heavy chain 0.604 (0.467 to 0.7) 

2.274 (2.083 to 

2.481) 

1387376_at Aox1 aldehyde oxidase 5.585 (2.927 to 9.231) 

0.178 (0.0981 to 

0.324) 

1370009_at Apoc3 apolipoprotein C-III 3.473 (2.884 to 4.681) 1.102 (1 to 1.215) 

1369625_at Aqp1  1.917 (1.589 to 2.351) 

0.248 (0.181 to 

0.339) 

1387100_at Aqp3 aquaporin 3 

0.102 (0.0192 to 

0.435) 1.943 (1.52 to 2.483) 

1368469_at Aqp5 aquaporin 5 0.602 (0.469 to 0.806) 

0.0359 (0.0246 to 

0.0525) 

1368317_at Aqp7 aquaporin 7 27.48 (20.75 to 35.74) 0.989 (0.86 to 1.137) 

1368621_at Aqp9 aquaporin 9 0.323 (0.277 to 0.417) 

6.848 (6.562 to 

7.147) 

1369159_at Ar androgen receptor 2.235 (1.922 to 2.681) 

0.663 (0.572 to 

0.769) 

1369998_at Arf6 ADP-ribosylation factor 6 0.705 (0.493 to 0.848) 

2.421 (2.314 to 

2.534) 

1387018_at Argbp2 

Arg/Abl-interacting 

protein ArgBP2 2.175 (1.791 to 2.622) 0.309 (0.308 to 0.31) 

1371021_at Arsb  0.816 (0.688 to 0.89) 2.849 (2.56 to 3.17) 

1387925_at Asns asparagine synthetase 0.972 (0.82 to 1.061) 4.085 (4 to 4.173) 
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1370964_at Ass  

0.118 (0.0779 to 

0.217) 

5.283 (5.127 to 

5.444) 

1371108_a_

at Atp1a1 

Na,K-ATPase alpha-1 

subunit 0.472 (0.382 to 0.528) 1.54 (1.53 to 1.551) 

1386911_at Atp1a2 

ATPase, Na+K+ 

transporting, alpha 2 6.434 (5.668 to 7.518) 

0.259 (0.155 to 

0.431) 

1368477_at Atp2a3 

ATPase, Ca++ 

transporting, ubiquitous 3.963 (2.951 to 5.558) 0.627 (0.625 to 0.63) 

1387664_at Atp6b2 

ATPase, H+ transporting, 

lysosomal (vacuolar 

proton pump), beta 56/58 

kDa, isoform 2 0.528 (0.459 to 0.611) 1.65 (1.458 to 1.869) 

1388038_at Atrn attractin 1.165 (1.048 to 1.39) 0.348 (0.327 to 0.37) 

1369971_a_

at auf1 

RNA binding protein p42 

AUF1 0.77 (0.499 to 1.014) 

2.747 (2.603 to 

2.898) 

1390429_at Axin2  1.33 (1 to 1.909) 

0.269 (0.245 to 

0.296) 

1387184_at Axin2 axin 2 1.351 (0.953 to 1.795) 

0.433 (0.384 to 

0.488) 

1370074_at Baiap2 

brain-specific 

angiogenesis inhibitor 1-

associated protein 2 0.353 (0.27 to 0.448) 

2.189 (2.027 to 

2.365) 

1374117_at Baiap2  0.462 (0.386 to 0.6) 

4.187 (3.784 to 

4.633) 

1369310_at Basp1 

brain acidic membrane 

protein 0.785 (0.64 to 0.913) 

3.283 (3.198 to 

3.371) 

1367457_at Becn1 beclin 1 0.646 (0.581 to 0.69) 2.279 (2.238 to 2.32) 

1372051_at Besh3  0.715 (0.642 to 0.775) 

2.183 (1.815 to 

2.624) 

1369415_at Bhlhb2 

basic helix-loop-helix 

domain containing, class 

B2 0.276 (0.245 to 0.34) 3.85 (3.722 to 3.982) 

1369683_at BID 

apoptotic death agonist 

BID 0.66 (0.35 to 0.943) 

3.278 (2.895 to 

3.712) 

1368799_at Birc5 

baculoviral IAP repeat-

containing 5 (survivin) 0.495 (0.312 to 0.648) 

8.445 (6.933 to 

10.29) 

1371127_at Bmp1 

procollagen C-proteinase 

3 0.733 (0.532 to 0.99) 

3.082 (2.499 to 

3.802) 

1369773_at Bmp3 

bone morphogenetic 

protein 3 2.267 (1.845 to 2.664) 

0.721 (0.638 to 

0.815) 
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1387232_at Bmp4 

bone morphogenetic 

protein 4 1.396 (1.134 to 2.074) 

0.411 (0.397 to 

0.425) 

1387043_at C4.4a 

GPI-anchored 

metastasis-associated 

protein homolog 0.433 (0.38 to 0.545) 

4.287 (3.947 to 

4.657) 

1369764_at C4bpa 

complement component 

4 binding protein, alpha 1.379 (1.004 to 1.994) 

0.02 (0.0192 to 

0.0208) 

1387926_at C5D sterol C5-desaturase 0.803 (0.669 to 0.956) 

4.005 (3.731 to 

4.299) 

1386922_at Ca2  0.364 (0.223 to 0.481) 

1.948 (1.822 to 

2.083) 

1367733_at Ca2 carbonic anhydrase 2 0.391 (0.193 to 0.643) 1.708 (1.6 to 1.824) 

1386977_at Ca3 carbonic anhydrase 3 27.11 (26.6 to 27.67) 0.925 (0.84 to 1.018) 

1367896_at CA3 carbonic anhydrase III 8.392 (8.228 to 8.517) 

0.925 (0.609 to 

1.407) 

1369441_at Capn5 calpain 5 0.708 (0.562 to 0.874) 

2.142 (1.859 to 

2.467) 

1368955_at Cask 

calcium/calmodulin-

dependent serine protein 

kinase 0.816 (0.722 to 0.913) 

2.868 (2.831 to 

2.905) 

1369557_at Casp7 caspase-7 0.554 (0.401 to 0.686) 

2.257 (1.975 to 

2.579) 

1369262_at Casp8 caspase-8 0.813 (0.441 to 1.255) 

2.465 (2.166 to 

2.805) 

1371173_a_

at CAST calpastatin 0.407 (0.317 to 0.523) 

1.998 (1.862 to 

2.144) 

1370131_at Cav caveolin 1 alpha 2.363 (1.702 to 3.29) 

0.462 (0.347 to 

0.617) 

1370346_at Ccnb1 cyclin B 0.394 (0.176 to 0.75) 

4.564 (4.563 to 

4.565) 

1370345_at Ccnb1 cyclin B 0.513 (0.284 to 0.704) 7.461 (7.28 to 7.646) 

1386901_at Cd36 CD36 antigen 2.68 (1.955 to 3.791) 

0.389 (0.331 to 

0.456) 

1367689_a_

at Cd36 

fatty acid 

translocase/CD36 2.954 (2.369 to 3.597) 

0.365 (0.219 to 

0.609) 

1368379_at Cd36l2 

CD36 antigen (collagen 

type I receptor, 

thrombospondin 

receptor)-like 2 0.578 (0.55 to 0.62) 

1.738 (1.543 to 

1.959) 
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1369483_at Cd4 CD4 antigen 2.406 (2.059 to 2.638) 

0.634 (0.549 to 

0.733) 

1387952_a_

at Cd44 glycoprotein CD44s 0.307 (0.194 to 0.453) 2.022 (1.77 to 2.309) 

1368921_a_

at Cd44 CD44 antigen 0.423 (0.29 to 0.576) 1.887 (1.648 to 2.16) 

1370891_at Cd48 

OX-45 antigen preprotein 

(AA -22 to 218) 1.726 (1.558 to 1.966) 0.48 (0.451 to 0.511) 

1370294_a_

at Cdc20 p55CDC 0.562 (0.432 to 0.656) 

3.699 (3.597 to 

3.805) 

1387895_s_

at Cdc20 p55CDC 0.511 (0.377 to 0.795) 

4.591 (4.455 to 

4.731) 

1367776_at Cdc2a 

cell division cycle 2 

homolog A 0.258 (0.173 to 0.455) 

3.387 (3.113 to 

3.686) 

1367755_at Cdo1 

cytosolic cysteine 

dioxygenase 1 4.125 (3.614 to 4.668) 

0.0992 (0.0857 to 

0.115) 

1369320_at Cdrap 

cartilage derived retinoic 

acid sensitive protein 6.073 (3.286 to 10.15) 0.747 (0.563 to 0.99) 

1387726_at Cdx2 CDX2 protein 0.885 (0.731 to 1) 4.482 (3.65 to 5.505) 

1387343_at Cebpd 

CCAAT/enhancerbinding

, protein (C/EBP) delta 0.771 (0.47 to 1.244) 

0.204 (0.171 to 

0.244) 

1370363_at Ces3 cholesterol esterase 19.13 (16.11 to 23.5) 

0.0332 (0.0158 to 

0.0701) 

1387062_a_

at Chek1 

checkpoint kinase 1 

homolog 0.477 (0.361 to 0.814) 

2.487 (2.213 to 

2.795) 

1387651_at CHIP28 water channel 2.547 (2.358 to 2.73) 

0.501 (0.389 to 

0.645) 

1367740_at Ckb creatine kinase, brain 0.762 (0.582 to 1.108) 

2.618 (2.264 to 

3.028) 

1368115_at Cldn3 claudin 3 1.484 (1.165 to 2.154) 

0.0487 (0.0402 to 

0.0591) 

1370894_at CLDN7 claudin-7 0.429 (0.389 to 0.485) 

1.803 (1.599 to 

2.034) 

1370254_at Clic5  1.697 (1.567 to 1.784) 

0.105 (0.0814 to 

0.135) 

1367784_a_

at Clu clusterin 1.508 (1.195 to 1.838) 

0.126 (0.108 to 

0.147) 

1387173_at Cma1 chymase 1 6.492 (6.063 to 7.307) 

0.442 (0.326 to 

0.599) 
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1367785_at Cnn1 calponin 1 1.738 (1.364 to 2.138) 

0.291 (0.285 to 

0.297) 

1370927_at Col12a1  0.471 (0.399 to 0.546) 

2.079 (1.728 to 

2.501) 

1387767_a_

at Col2a1 type II collagen 3.535 (2.789 to 4.578) 

0.517 (0.395 to 

0.677) 

1369657_at Cpa1 carboxypeptidase A1 20.07 (10.6 to 34.88) 

0.422 (0.337 to 

0.527) 

1386921_at Cpe carboxypeptidase E 2.949 (2.216 to 4.78) 

0.501 (0.359 to 

0.698) 

1368124_at Cpg21 

MAP-kinase 

phosphatase (cpg21) 0.413 (0.403 to 0.424) 

1.473 (1.449 to 

1.497) 

1372869_at Crfg  0.601 (0.436 to 1.026) 

1.893 (1.892 to 

1.894) 

1368059_at Crym crystallin, mu 0.718 (0.592 to 0.808) 

2.742 (2.068 to 

3.636) 

1398286_at Csad 

cysteine sulfinic acid 

decarboxylase 6.611 (5.978 to 7.828) 

0.688 (0.541 to 

0.875) 

1370376_a_

at Csda  0.64 (0.51 to 0.77) 

2.019 (1.884 to 

2.164) 

1388183_at Csn1 casein, alpha 9.553 (8.941 to 10.32) 

0.0686 (0.0533 to 

0.0882) 

1369591_at Csn10 casein kappa 25.38 (21.94 to 32.58) 

0.0702 (0.0541 to 

0.0912) 

1368913_at Csn2 casein beta 60.8 (36.19 to 96.16) 0.78 (0.554 to 1.098) 

1368162_at Cst6 cystatin N 0.932 (0.787 to 1.028) 

0.0675 (0.0617 to 

0.0738) 

1368280_at Ctsc cathepsin C 0.861 (0.758 to 0.952) 3.367 (3.176 to 3.57) 

1368167_at Ctse cathepsin E 2.779 (1.183 to 5.362) 0.76 (0.65 to 0.889) 

1370123_a_

at Cttnb cortactin isoform C 0.601 (0.492 to 0.72) 2.4 (1.996 to 2.885) 

1368990_at Cyp1b1 

cytochrome P450, 

subfamily 1B, 

polypeptide 1 1.974 (1.461 to 2.818) 

0.455 (0.438 to 

0.472) 

1370329_at Cyp2d18 cytochrome P450 2D18 1.951 (1.594 to 2.294) 

0.494 (0.469 to 

0.521) 

1367871_at Cyp2e1 

cytochrome P450, 

subfamily 2E, 

polypeptide 1 5.305 (2.594 to 15.11) 

0.877 (0.842 to 

0.914) 
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1368265_at Cyp2t1 

cytochrome P450 

monooxygenase 

CYP2T1 1.448 (1.346 to 1.567) 

0.184 (0.154 to 

0.219) 

1370399_at Cyp4b1 

cytochrome P450, 

subfamily 4B, 

polypeptide 1 1.324 (0.987 to 2.042) 

0.264 (0.253 to 

0.275) 

1387020_at Cyp51  0.898 (0.8 to 1) 4.366 (3.76 to 5.07) 

1367979_s_

at Cyp51 

cytochrome P450, 

subfamily 51 0.758 (0.716 to 0.806) 

5.154 (4.755 to 

5.588) 

1368290_at Cyr61 cysteine rich protein 61 0.414 (0.166 to 0.814) 1.458 (1.43 to 1.487) 

1370406_a_

at Daf 

decay accelerating factor 

(GPI-form) 2.557 (1.988 to 3.568) 

0.509 (0.479 to 

0.542) 

1387111_at Ddah1 

dimethylarginine 

dimethylaminohydrolase 

1 0.228 (0.187 to 0.323) 

1.382 (1.292 to 

1.478) 

1399162_a_

at DDB1 

damage-specific DNA 

binding protein 1 0.692 (0.601 to 0.815) 2.217 (2.032 to 2.42) 

1368330_at Ded 

apoptosis antagonizing 

transcription factor 0.791 (0.705 to 0.903) 2.95 (2.605 to 3.341) 

1387908_at Dexras1 DEXRAS1 2.835 (2.549 to 3.316) 

0.543 (0.526 to 

0.561) 

1388102_at DIG-1 

dithiolethione-inducible 

gene-1 0.512 (0.376 to 0.749) 4.64 (4.632 to 4.647) 

1368282_at Dpep1 dipeptidase 1 1.272 (1 to 1.52) 

0.165 (0.149 to 

0.182) 

1368281_at dpep1 dipeptidase 1.191 (1.098 to 1.384) 0.22 (0.189 to 0.255) 

1368163_at Dpp4 dipeptidyl peptidase 4 2.442 (1.738 to 4.245) 

0.685 (0.628 to 

0.749) 

1367994_at Dpyd 

dihydropyrimidine 

dehydrogenase 1.796 (1.405 to 2.23) 

0.353 (0.344 to 

0.362) 

1370951_at Dri 42 

ER transmembrane 

protein 3.206 (2.985 to 3.606) 

0.0428 (0.0315 to 

0.0583) 

1370950_at Dri42  2.87 (2.199 to 4.239) 

0.177 (0.136 to 

0.232) 

1387024_at Dusp6 

dual specificity 

phosphatase 6 0.329 (0.282 to 0.391) 

1.946 (1.846 to 

2.051) 

1388154_at E2f5 E2F-5 0.74 (0.641 to 0.928) 3.123 (2.937 to 3.32) 

1368949_at Ebf 

early B-cell factor 

(olfactory neuronal 

transcription factor 1) 6.819 (5.599 to 9.519) 

1.073 (1.017 to 

1.133) 
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1386990_at Ebp 

phenylalkylamine Ca2+ 

antagonist (emopamil) 

binding protein 0.992 (0.99 to 0.993) 

3.531 (3.191 to 

3.908) 

1370048_at Edg2 

endothelial 

differentiation, 

lysophosphatidic acid G-

protein-coupled receptor, 

2 1.36 (1.224 to 1.673) 0.277 (0.25 to 0.308) 

1368174_at Egln3 

factor-responsive smooth 

muscle protein 0.453 (0.417 to 0.494) 

11.75 (11.71 to 

11.79) 

1368541_at Emb embigin 0.373 (0.357 to 0.407) 1.749 (1.653 to 1.85) 

1368703_at Enh enigma homolog 0.668 (0.572 to 0.825) 

2.262 (1.864 to 

2.745) 

1367575_at Eno1 enolase 1, alpha 0.685 (0.643 to 0.747) 

2.209 (2.154 to 

2.266) 

1368512_a_

at Enpep aminopeptidase A 2.111 (1.636 to 3.14) 

0.238 (0.231 to 

0.244) 

1368536_at Enpp2 

phosphodiesterase 

I/nucleotide 

pyrophosphatase 2 2.733 (2.39 to 3.225) 

0.105 (0.104 to 

0.105) 

1368515_at Epb4.1l3 

erythrocyte protein band 

4.1-like 3 2.058 (1.236 to 3.771) 

0.545 (0.519 to 

0.572) 

1398308_at Epb4.1l3 0.675 (0.593 to 0.843) 

4.164 (3.717 to 

4.666) 

1387669_a_

at Ephx1 epoxide hydrolase 1 1.293 (1.08 to 1.478) 

0.177 (0.169 to 

0.185) 

1387813_at Erbb2 

avian erythroblastosis 

viral (v-erb-B2) oncogene 

homologue 2 

(neuro/glioblastoma 

derived oncogene 

homolog) 0.471 (0.361 to 0.579) 

1.878 (1.779 to 

1.983) 

1387789_at Erg 

v-ets erythroblastosis, 

virus E26 oncogene like 1.235 (1.013 to 1.461) 

0.203 (0.114 to 

0.361) 

1370007_at Erp70 

protein disulfide 

isomerase related protein 

(calcium-binding protein, 

intestinal-related) 0.587 (0.476 to 0.744) 

2.758 (2.624 to 

2.898) 

1368774_a_

at Espn espin 0.514 (0.413 to 0.732) 5.943 (5.1 to 6.925) 
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1370252_at esu  0.511 (0.422 to 0.687) 

1.719 (1.581 to 

1.868) 

1387715_at Expi 

extracellular proteinase 

inhibitor 

0.0231 (0.0152 to 

0.0349) 

48.93 (42.57 to 

56.25) 

1368271_a_

at Fabp4 

fatty acid binding protein 

4 30.16 (27.86 to 31.71) 

0.863 (0.613 to 

1.215) 

1388153_at Facl2  14.14 (11.76 to 18.66) 0.9 (0.81 to 1) 

1370939_at Facl2 

long-chain acyl-CoA 

synthetase 10.12 (9.357 to 11.07) 0.91 (0.866 to 0.956) 

1368177_at Facl3 

fatty acid Coenzyme A 

ligase, long chain 3 0.457 (0.389 to 0.55) 

2.397 (2.385 to 

2.409) 

1368092_at Fah 

fumarylacetoacetate 

hydrolase 2.717 (2.136 to 3.295) 0.7 (0.635 to 0.772) 

1367707_at Fasn fatty acid synthase 4.425 (3.048 to 6.607) 

0.907 (0.859 to 

0.957) 

1367866_at Fbln5 fibulin 5 2.034 (1.496 to 3.091) 

0.579 (0.514 to 

0.652) 

1387885_at Fcgrt  2.013 (1.629 to 2.777) 

0.552 (0.531 to 

0.574) 

1387794_at Fcna ficolin A 8.75 (6.933 to 12.46) 

0.955 (0.797 to 

1.144) 

1367839_at Fdft1 

farnesyl diphosphate 

farnesyl transferase 1 0.79 (0.635 to 0.974) 

2.457 (2.219 to 

2.721) 

1367667_at Fdps 

testis-specific farnesyl 

pyrophosphate 

synthetase 0.651 (0.548 to 0.908) 3.65 (3.209 to 4.151) 

1367983_at Fen1 

flap structure-specific 

endonuclease 0.726 (0.519 to 0.893) 3.211 (3.05 to 3.381) 

1370086_at Fgg 

fibrinogen, gamma 

polypeptide 0.748 (0.285 to 1.742) 0.139 (0.11 to 0.174) 

1370623_at Fgl2 prothrombinase FGL2 2.406 (1.978 to 3.237) 

0.523 (0.466 to 

0.586) 

1387053_at Fmo1 

flavin-containing 

monooxygenase 1 3.225 (2.842 to 3.494) 

0.193 (0.102 to 

0.365) 

1368304_at Fmo3 

flavin-containing 

monooxygenase 3 3.058 (2.155 to 3.984) 

0.277 (0.216 to 

0.356) 

1367700_at Fmod fibromodulin 0.573 (0.522 to 0.631) 

1.981 (1.945 to 

2.018) 

1368489_at Fosl1 fos-like antigen 1 0.715 (0.549 to 0.841) 11.2 (9.481 to 13.23) 
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1369018_at Foxm1 forkhead box M1 0.25 (0.077 to 0.476) 

3.237 (2.945 to 

3.558) 

1368773_at Fshprh1 

follicle stimulating 

hormone primary 

response gene 1 0.612 (0.514 to 0.717) 

4.374 (3.881 to 

4.928) 

1370312_at f-spondin f-spondin 0.924 (0.853 to 1.006) 

0.282 (0.246 to 

0.324) 

1368378_at Fthfd 

10-formyltetrahydrofolate 

dehydrogenase 3.76 (2.835 to 5.751) 

0.389 (0.349 to 

0.433) 

1369960_at Fxyd1 

phospholemman 

precursor 4.008 (3.192 to 5.657) 

0.532 (0.495 to 

0.571) 

1373683_at Fyn  1.339 (1.282 to 1.425) 

0.369 (0.367 to 

0.372) 

1369103_at Fyn 

protein-tyrosine kinase 

fyn 1.466 (1.355 to 1.565) 

0.398 (0.377 to 

0.419) 

1368074_at Gale 

galactose-4-epimerase, 

UDP 0.644 (0.544 to 0.747) 

2.888 (2.573 to 

3.242) 

1369431_at Galnt7 

UDP-N-acetyl-alpha-D-

galactosamine: 

polypeptide N-

acetylgalactos 0.627 (0.508 to 0.836) 

3.679 (3.348 to 

4.043) 

1367557_s_

at Gapd 

glyceraldehyde-3-

phosphate 

dehydrogenase 0.577 (0.554 to 0.605) 

2.178 (2.031 to 

2.336) 

1368332_at Gbp2 

guanylate binding protein 

2, interferon-inducible 0.478 (0.461 to 0.504) 

1.707 (1.577 to 

1.848) 

1387786_at Gcdp  0.595 (0.514 to 0.689) 2.17 (2.051 to 2.297) 

1387785_at Gcdp myotrophin 0.616 (0.484 to 0.702) 

2.308 (2.161 to 

2.466) 

1387221_at Gch GTP cyclohydrolase 1 0.293 (0.199 to 0.365) 

1.833 (1.709 to 

1.965) 

1368459_at Gdf10 

prepro bone inducing 

protein 4.69 (3.786 to 5.431) 

0.329 (0.288 to 

0.377) 

1368470_at Ggh 

gamma-glutamyl 

hydrolase 0.433 (0.374 to 0.559) 

1.306 (1.189 to 

1.434) 

1368374_a_

at Ggtp 

gamma-glutamyl 

transpeptidase 0.293 (0.257 to 0.363) 

2.505 (2.111 to 

2.974) 

1373803_a_

at Ghr  6.069 (4.369 to 9.966) 

0.201 (0.159 to 

0.253) 

1368924_at Ghr growth hormone receptor 5.073 (3.634 to 7.268) 0.364 (0.33 to 0.402) 
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1369640_at Gja1  0.567 (0.447 to 0.708) 

2.958 (2.866 to 

3.052) 

1368473_at Gja5 

gap junction membrane 

channel protein alpha 5 0.154 (0.128 to 0.18) 

1.686 (1.492 to 

1.907) 

1387747_at Gjb3 

gap junction membrane 

channel protein beta 3 0.53 (0.319 to 0.956) 

2.864 (2.526 to 

3.248) 

1367902_at Gng11 

guanine nucleotide 

binding protein gamma 

subunit 11 1.361 (1.127 to 1.74) 0.45 (0.408 to 0.497) 

1386933_at Gp2 

secretory (zymogen) 

granule membrane 

glycoprotein GP2 4.001 (3.273 to 5.299) 0.751 (0.649 to 0.87) 

1369560_at Gpd3 

glycerol 3-phosphate 

dehydrogenase 22.64 (19.18 to 31.14) 

0.0587 (0.0438 to 

0.0787) 

1371696_at Gpr56  2.11 (1.558 to 2.51) 

0.277 (0.206 to 

0.372) 

1387052_at Gpt 

glutamic-pyruvate 

transaminase (alanine 

aminotransferase) 3.219 (2.129 to 5.859) 0.37 (0.307 to 0.445) 

1369926_at Gpx3 glutathione peroxidase 3 2.236 (1.662 to 3.02) 

0.514 (0.371 to 

0.711) 

1368618_at Grb14 

growth factor receptor 

bound protein 14 1.385 (1.061 to 1.585) 

0.336 (0.295 to 

0.382) 

1386936_at Grifin 

galectin-related inter-

fiber protein 9.736 (8.332 to 12.73) 

0.708 (0.675 to 

0.743) 

1369061_at Gsr glutathione reductase 0.481 (0.428 to 0.538) 

2.958 (2.775 to 

3.152) 

1386985_at Gstm2 

glutathione S-

transferase, mu 1 2.725 (2.475 to 3.292) 0.32 (0.184 to 0.559) 

1370952_at Gstm2  2.189 (1.599 to 3.229) 

0.337 (0.321 to 

0.353) 

1387023_at Gstm3 

glutathione S-

transferase, mu type 3 

(Yb3) 2.176 (1.823 to 2.661) 0.343 (0.29 to 0.407) 

1369358_a_

at Hap1  0.657 (0.415 to 0.879) 

2.406 (2.358 to 

2.455) 

1368643_at Hash 

kinesin-related protein 

HASH 1.031 (0.959 to 1.142) 

0.332 (0.326 to 

0.338) 

1375519_at Hba1  2.373 (1.961 to 2.793) 0.79 (0.688 to 0.907) 
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1371245_a_

at Hbb  4.464 (3.501 to 6.696) 

0.493 (0.454 to 

0.537) 

1370422_at Hcyp2 

homocysteine 

respondent protein 

HCYP2 0.771 (0.521 to 0.945) 

3.825 (3.567 to 

4.102) 

1370258_at Hfb2  0.502 (0.436 to 0.539) 4.215 (3.749 to 4.74) 

1368550_at Hfh1 

HNF-3/forkhead 

homolog-1 0.496 (0.405 to 0.671) 

1.889 (1.886 to 

1.892) 

1369006_at Hk2 hexokinase 2 0.975 (0.853 to 1.075) 5.072 (4.73 to 5.439) 

1367676_at Hmgb2 high mobility group box 2 0.507 (0.238 to 0.795) 

2.119 (1.924 to 

2.335) 

1387848_at Hmgcr 

3-hydroxy-3-

methylglutaryl-Coenzyme 

A reductase 0.551 (0.409 to 0.683) 

3.495 (3.218 to 

3.795) 

1375852_at Hmgcr  0.739 (0.618 to 0.839) 

2.902 (2.884 to 

2.921) 

1367932_at Hmgcs1 

3-hydroxy-3-

methylglutaryl-Coenzyme 

A synthase 1 0.936 (0.812 to 1.086) 

3.719 (3.643 to 

3.797) 

1370310_at Hmgcs2 

3-hydroxy-3-

methylglutaryl-Coenzyme 

A synthase 2 6.122 (4.181 to 10.95) 

0.174 (0.0294 to 

1.029) 

1370462_at Hmmr  0.539 (0.37 to 0.703) 3.812 (3.679 to 3.95) 

1370461_at Hmmr 

hyaluronan receptor 

RHAMM 0.486 (0.363 to 0.783) 

4.352 (4.228 to 

4.479) 

1370080_at Hmox1 Heme oxygenase 0.802 (0.567 to 1.248) 

4.076 (3.442 to 

4.826) 

1373255_at Hnrpd  0.723 (0.497 to 1.293) 

18.85 (14.61 to 

24.31) 

1377006_at Hnrpd  0.536 (0.322 to 0.774) 2.33 (2.306 to 2.354) 

1368318_at Homer1 

homer, neuronal 

immediate early gene, 1 0.639 (0.516 to 0.749) 

2.984 (2.813 to 

3.166) 

1368407_at Hpse heparanase 3.185 (2.507 to 3.599) 

1.055 (0.987 to 

1.127) 

1370202_at Hrasls3  4.493 (3.745 to 5.27) 

0.276 (0.276 to 

0.276) 

1386897_at Hrmt1l2 

heterogeneous nuclear 

ribonucleoproteins 

methyltransferase-like 2 0.648 (0.559 to 0.759) 

2.331 (2.081 to 

2.611) 
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1367787_at Ica1 

islet cell autoantigen 1, 

69 kDa 1.055 (0.918 to 1.156) 

0.0818 (0.0547 to 

0.122) 

1387202_at Icam1 

intercellular adhesion 

molecule 1 0.415 (0.315 to 0.561) 1.385 (1.19 to 1.612) 

1387769_a_

at Id3 Id3a 2.418 (2.273 to 2.545) 

0.554 (0.535 to 

0.573) 

1369626_at Ide 

insulin degrading 

enzyme 0.707 (0.606 to 0.857) 5.066 (4.433 to 5.79) 

1398977_at Ide  0.676 (0.523 to 0.793) 

3.921 (3.532 to 

4.352) 

1387652_at Ide  0.494 (0.409 to 0.589) 

4.079 (3.396 to 

4.898) 

1388872_at Idi1  0.484 (0.336 to 0.613) 4.16 (3.11 to 5.565) 

1368878_at Idi1 

isopentenyl-diphosphate 

delta isomerase 0.569 (0.43 to 0.768) 

4.694 (3.843 to 

5.733) 

1370333_a_

at Igf1  2.804 (2.295 to 3.401) 

0.386 (0.322 to 

0.463) 

1367571_a_

at Igf2 

insulin-like growth factor 

II (somatomedin A) 3.159 (2.564 to 4.301) 

0.768 (0.707 to 

0.835) 

1386872_at Igf2r  0.683 (0.607 to 0.736) 

2.288 (2.281 to 

2.295) 

1367648_at Igfbp2 

insulin-like growth factor 

binding protein 2 2.478 (2.019 to 3.13) 

0.109 (0.0916 to 

0.129) 

1386881_at Igfbp3 

insulin-like growth factor 

binding protein 3 2.973 (2.708 to 3.396) 0.8 (0.671 to 0.955) 

1367652_at Igfbp3  2.891 (2.725 to 3.196) 

0.703 (0.587 to 

0.841) 

1387348_at Igfbp5  4.959 (2.737 to 7.638) 

0.354 (0.311 to 

0.403) 

1387347_at Igfbp5 

insulin-like growth factor-

binding protein 5 18.49 (15.14 to 21.56) 0.13 (0.119 to 0.143) 

1370960_at Igfbp5  3.604 (2.842 to 4.463) 

0.229 (0.184 to 

0.283) 

1387625_at Igfbp6 

insulin-like growth factor 

binding protein 6 9.083 (7.094 to 14.86) 

0.816 (0.776 to 

0.858) 

1388109_at Ig-Hepta 2.221 (1.868 to 2.856) 

0.515 (0.495 to 

0.537) 

1370331_at Il11ra1 

interleukin 11 receptor 

alpha chain precursor 1.54 (1.338 to 1.965) 0.236 (0.23 to 0.243) 

1370728_at Il13ra1 IL-13 receptor alpha 1 0.427 (0.415 to 0.451) 1.608 (1.326 to 1.95) 
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1387180_at Il1r2 

interleukin 1 receptor, 

type II 1.622 (1.068 to 3.441) 

0.378 (0.365 to 

0.392) 

1392467_at Impa2  0.755 (0.695 to 0.803) 

3.246 (3.163 to 

3.332) 

1387969_at IP-10 

interferon inducible 

protein 10 0.299 (0.231 to 0.35) 

5.248 (4.739 to 

5.811) 

1369433_at Ip63 IP63 protein 0.808 (0.736 to 0.873) 2.624 (2.39 to 2.882) 

1387144_at Itga1 integrin alpha 1 0.579 (0.318 to 0.843) 2.155 (2.06 to 2.254) 

1368005_at Itpr3 

inositol 1, 4, 5-

triphosphate receptor 3 0.615 (0.462 to 0.711) 

2.362 (2.109 to 

2.646) 

1368856_at Jak2 

janus kinase 2 (a protein 

tyrosine kinase) 0.56 (0.496 to 0.654) 1.996 (1.74 to 2.289) 

1387061_at Jup junction plakoglobin 0.449 (0.428 to 0.483) 1.486 (1.31 to 1.686) 

1387223_at Kat2 

kynurenine 

aminotransferase 2 11.88 (9.664 to 13.7) 

0.641 (0.455 to 

0.904) 

1387160_at Kcne3 mink-related peptide 2 0.607 (0.565 to 0.655) 1.908 (1.87 to 1.947) 

1368061_at Kcnh1 

potassium voltage-gated 

channel, subfamily H 

(eag-related), memb 2.435 (1.572 to 3.159) 

0.566 (0.496 to 

0.645) 

1369500_at Kcnk1 

putative potassium 

channel TWIK 0.492 (0.433 to 0.597) 1.606 (1.54 to 1.675) 

1367948_a_

at Kdr 

C-terminal truncated 

VEGF receptor-2/FLK-1 2.084 (1.971 to 2.204) 

0.494 (0.433 to 

0.562) 

1367888_at 

KIAA177

5 MT-protocadherin 0.44 (0.415 to 0.454) 

4.241 (3.567 to 

5.042) 

1369637_at Kif3c 

kinesin family member 

3C 0.54 (0.53 to 0.555) 

1.877 (1.699 to 

2.075) 

1369822_at Kit 

c-kit receptor tyrosine 

kinase 1.11 (0.822 to 1.501) 

0.0952 (0.0874 to 

0.104) 

1388125_a_

at Klc1  0.672 (0.566 to 0.844) 

2.175 (2.009 to 

2.355) 

1368249_at Klf15 Kruppel-like factor 15 1.555 (1.064 to 1.929) 0.201 (0.16 to 0.252) 

1368363_at Klf5 

Kruppel-like factor 5 

(intestinal) 0.466 (0.372 to 0.546) 2.319 (2.28 to 2.359) 

1370334_at Kpl1 KPL1 1.487 (1.42 to 1.541) 

0.182 (0.163 to 

0.204) 

1367683_at Kpna2 

karyopherin (importin) 

alpha 2 0.52 (0.4 to 0.612) 

4.056 (3.906 to 

4.212) 

1368573_at Kpnb1 karyopherin,beta 1 0.612 (0.351 to 0.969) 

2.906 (2.579 to 

3.276) 
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1372550_at Kpnb1  0.7 (0.606 to 0.889) 

2.796 (2.373 to 

3.293) 

1388155_at Krt1-18  2.472 (2.317 to 2.755) 

0.0849 (0.0676 to 

0.107) 

1370863_at Krt2-5  1.051 (0.773 to 1.503) 

0.0992 (0.0787 to 

0.125) 

1387838_at Lalba lactalbumin, alpha 11.74 (8.796 to 14.62) 

0.113 (0.0781 to 

0.162) 

1367880_at Lamb2 laminin chain beta 2 1.746 (1.377 to 2.635) 

0.332 (0.295 to 

0.373) 

1387868_at Lbp  2.117 (1.618 to 2.438) 

0.0748 (0.0705 to 

0.0794) 

1387011_at Lcn2 lipocalin 2 4.518 (4.053 to 5.193) 

0.402 (0.321 to 

0.502) 

1367586_at Ldha lactate dehydrogenase A 0.753 (0.65 to 0.839) 2.508 (2.419 to 2.6) 

1370218_at Ldhb  2.432 (1.785 to 3.155) 0.13 (0.12 to 0.141) 

1388218_at 

Ldlr; 

LDLRA 

Low density lipoprotein 

receptor 0.238 (0.131 to 0.328) 

2.191 (1.838 to 

2.613) 

1370138_at Lef1 

lymphoid enhancer 

binding factor 1 1.593 (0.129 to 6.75) 

0.107 (0.0921 to 

0.123) 

1389250_at Lfng  2.064 (1.434 to 2.959) 

0.549 (0.498 to 

0.604) 

1368017_at Lgals7 

lectin, galactose binding, 

soluble 7 1.02 (0.774 to 1.37) 

0.169 (0.0586 to 

0.487) 

1387132_at Lipe 

lipase, hormone  

sensitive 7.69 (6.151 to 9.866) 

0.184 (0.143 to 

0.236) 

1368055_a_

at Lmna  0.774 (0.664 to 0.855) 

2.376 (2.341 to 

2.411) 

1368811_at Lmnb1 lamin B1 0.602 (0.328 to 0.893) 2.996 (2.832 to 3.17) 

1367968_at 

LOC1711

61 

common salivary protein 

1 10.65 (4.66 to 46.36) 

0.0456 (0.0397 to 

0.0525) 

1370561_at 

LOC1715

53 iGb3 synthase 0.796 (0.699 to 0.861) 3.076 (2.81 to 3.369) 

1370847_at LOC171569 4.77 (3.797 to 6.902) 0.259 (0.216 to 0.31) 

1370708_a_

at 

LOC1915

74 

dihydrodiol 

dehydrogenase 2.603 (1.689 to 4.387) 

0.465 (0.325 to 

0.664) 

1386321_s_

at LOC246273 0.621 (0.567 to 0.705) 

2.799 (2.619 to 

2.991) 

1374871_at LOC246307 5.058 (3.649 to 9.053) 

0.182 (0.149 to 

0.223) 
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1370779_x_

at 

LOC2592

45 alpha-2u globulin 0.31 (0.152 to 0.578) 

0.0973 (0.0187 to 

0.507) 

1387985_a_

at 

LOC2592

47 alpha-2u globulin 15.05 (8.199 to 24.6) 

0.747 (0.515 to 

1.085) 

1388127_at Loc266761 10.71 (8.74 to 13.45) 0.49 (0.417 to 0.575) 

1370902_at LOC286921 0.531 (0.233 to 1.227) 

3.627 (3.518 to 

3.738) 

1367980_at 

LOC5419

0 rabaptin 5 1.119 (0.947 to 1.364) 

0.334 (0.302 to 

0.369) 

1370032_at LOC59114 0.622 (0.321 to 1) 

3.166 (3.069 to 

3.265) 

1387841_at 

LOC6062

7 

component of rsec6/8 

secretory complex p71 

(71 kDa) 0.632 (0.521 to 0.704) 

2.119 (1.953 to 

2.299) 

1386965_at Lpl lipoprotein lipase 3.22 (2.864 to 3.648) 

0.118 (0.0988 to 

0.14) 

1368086_a_

at Lss 

2,3-

oxidosqualene:lanosterol 

cyclase 0.237 (0.15 to 0.446) 

7.869 (7.052 to 

8.781) 

1368448_at Ltbp2 

latent transforming 

growth factor beta 

binding protein 2 0.819 (0.529 to 1.234) 0.26 (0.243 to 0.277) 

1370056_at Ly6c Ly6-C antigen gene 2.089 (1.172 to 3.196) 

0.456 (0.419 to 

0.497) 

1388157_at Macs  0.507 (0.38 to 0.633) 

1.969 (1.835 to 

2.113) 

1370949_at Macs  0.489 (0.34 to 0.635) 

1.645 (1.534 to 

1.764) 

1367744_at Maged2 

melanoma antigen, 

family D, 2 0.966 (0.848 to 1.225) 

0.226 (0.208 to 

0.246) 

1387071_a_

at Mapt  0.804 (0.238 to 1.78) 

0.0861 (0.0649 to 

0.114) 

1368810_a_

at Mbp  6.967 (5.317 to 11.58) 

1.214 (0.936 to 

1.574) 

1368756_at Mch 

medium-chain S-acyl 

fatty acid synthetase thio 

ester hydrolase ( 25.5 (19.46 to 31.47) 

0.744 (0.662 to 

0.837) 

1371074_a_

at Mcmd6 

intestinal DNA replication 

protein 0.598 (0.304 to 1.104) 

2.805 (2.752 to 

2.859) 
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1387334_at Mcpt6 mast cell protease 6 3.414 (2.689 to 4.051) 

0.187 (0.175 to 

0.201) 

1367682_at Mdk midkine 1.486 (1.372 to 1.578) 

0.356 (0.328 to 

0.388) 

1368422_at Meox2 

mesenchyme homeo box 

2 1.977 (1.549 to 2.378) 

0.315 (0.269 to 

0.368) 

1369218_at Met met proto-onco 0.62 (0.548 to 0.724) 

2.917 (2.583 to 

3.295) 

1370323_at 

metalloen

dopeptida

se metalloendopeptidase 0.499 (0.401 to 0.61) 

2.012 (1.962 to 

2.064) 

1371110_at Mg1  6.827 (3.217 to 11.87) 

0.574 (0.473 to 

0.698) 

1370831_at Mgl2 monoglyceride lipase 5.812 (5.087 to 7.429) 

0.171 (0.0897 to 

0.327) 

1375247_at Mgll  4.779 (3.244 to 7.266) 

0.114 (0.0987 to 

0.131) 

1368528_at Mic2l1 MIC2 like 1 2.057 (1.589 to 2.542) 

0.0719 (0.0625 to 

0.0827) 

1367609_at Mif 

macrophage migration 

inhibitory factor 0.641 (0.492 to 0.842) 

2.343 (2.044 to 

2.686) 

1368530_at Mmp12 

matrix metalloproteinase 

12 0.212 (0.185 to 0.254) 1.539 (1.461 to 1.62) 

1368657_at Mmp3 

matrix metalloproteinase 

3 

0.139 (0.0994 to 

0.205) 

2.362 (2.143 to 

2.604) 

1369670_at Mox2 

antigen identified by 

monoclonal antibody 

MRC OX-2 1.494 (1 to 1.912) 

0.159 (0.124 to 

0.203) 

1368816_at Mpz  15.36 (11.32 to 26.77) 

1.682 (1.401 to 

2.021) 

1368815_at Mpz 

myelin protein zero 

(Charcot-Marie-Tooth 

neuropathy 1B) 8.766 (6.727 to 14.63) 2.133 (1.91 to 2.381) 

1370805_at msg1 

melanocyte-specific gene 

1 protein 3.855 (3.204 to 4.884) 

0.759 (0.705 to 

0.818) 

1368441_at Msln mesothelin 0.142 (0.106 to 0.17) 

2.396 (2.106 to 

2.726) 

1369171_at Mst1 

macrophage stimulating 

1 (hepatocyte growth 

factor-like) 3.676 (2.925 to 4.453) 0.33 (0.167 to 0.654) 
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1368302_at Msx1 homeo box, msh-like 1 2.012 (1.688 to 2.329) 

0.538 (0.477 to 

0.606) 

1368963_at Mxi1 max interacting protein 1 0.456 (0.401 to 0.49) 

1.412 (1.093 to 

1.823) 

1369720_at Myo1b myosin Ib 0.453 (0.401 to 0.511) 

1.777 (1.616 to 

1.953) 

1368355_at Myo5b myosin 5B 0.629 (0.581 to 0.676) 

1.932 (1.702 to 

2.194) 

1369409_at Nab1 Ngfi-A binding protein 1 0.687 (0.658 to 0.708) 

2.073 (1.905 to 

2.257) 

1387879_a_

at 

NAPOR-

3 

apoptosis-related RNA 

binding protein 1.84 (1.219 to 3.023) 0.417 (0.36 to 0.483) 

1371056_at Neo1 neogenin 1.697 (1.659 to 1.728) 0.374 (0.349 to 0.4) 

1369679_a_

at NF1-A1 

transcription factor NF1-

A1 1.757 (1.439 to 2.025) 0.569 (0.49 to 0.66) 

1367826_at Nfe2l2 NF-E2-related factor 2 0.582 (0.529 to 0.622) 

1.961 (1.913 to 

2.011) 

1370815_at NF-H 

high molecular-weight 

neurofilament 0.06 (0.0313 to 0.084) 

16.33 (15.86 to 

16.83) 

1368488_at Nfil3 

nuclear factor, interleukin 

3, regulated 0.784 (0.734 to 0.819) 

2.979 (2.875 to 

3.085) 

1370695_s_

at NIPK kinase 0.382 (0.249 to 0.477) 

5.339 (4.979 to 

5.725) 

1369999_a_

at Nnat neuronatin 6.026 (4.391 to 8.978) 0.113 (0.106 to 0.12) 

1368033_at Nopp140 0.792 (0.57 to 0.976) 

6.035 (5.711 to 

6.377) 

1368032_at Nopp140 Nopp140 0.657 (0.523 to 0.799) 

3.861 (3.633 to 

4.104) 

1368031_at Nopp140 

nucleolar phosphoprotein 

p130 0.943 (0.771 to 1.123) 

3.003 (2.865 to 

3.148) 

1371166_at nos3 

endothelial nitric oxide 

synthase 2.339 (1.778 to 2.822) 

0.596 (0.558 to 

0.637) 

1368929_at Npl4 

homolog of yeast nuclear 

protein localization 4 0.697 (0.657 to 0.72) 

2.093 (1.828 to 

2.397) 

1398756_at Npm1 nucleophosmin 1 0.705 (0.567 to 0.851) 3.242 (3.091 to 3.4) 

1369200_at Nt5 5 nucleotidase 2.744 (1.827 to 4.12) 

0.358 (0.321 to 

0.399) 

1377049_at Nte-related 1.497 (1.263 to 1.807) 

0.494 (0.445 to 

0.549) 
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1398847_at Nudt4  0.364 (0.343 to 0.402) 

1.294 (1.203 to 

1.392) 

1387151_at Nup107 

nuclear pore complex 

protein 0.619 (0.419 to 0.903) 

2.751 (2.733 to 

2.768) 

1367847_at Nupr1 nuclear protein 1 2.286 (1.879 to 2.666) 

0.546 (0.499 to 

0.597) 

1368547_at Ocil 

osteoclast inhibitory 

lectin 0.625 (0.535 to 0.79) 

3.804 (3.669 to 

3.944) 

1370477_at Ocm  

0.0286 (0.0241 to 

0.0319) 

33.35 (29.16 to 

38.15) 

1368466_a_

at Odf2 

sperm outer dense fiber 

major protein 2 0.577 (0.432 to 0.74) 

3.501 (3.301 to 

3.714) 

1370336_at Okl38 

pregnancy-induced 

growth inhibitor OKL38 0.246 (0.12 to 0.481) 

1.717 (1.587 to 

1.857) 

1376198_at OL-16  4.01 (2.937 to 7.343) 0.781 (0.75 to 0.813) 

1387197_at Omd 

osteomodulin 

(osteoadherin) 4.807 (3.159 to 8.613) 

0.451 (0.429 to 

0.475) 

1368940_at P2ry2 

purinergic receptor P2Y, 

G-protein coupled 2 0.522 (0.418 to 0.752) 2.436 (2.38 to 2.493) 

1387812_at Pace4 

subtilisin - like 

endoprotease 3.41 (2.536 to 5.975) 

0.731 (0.606 to 

0.883) 

1369963_at Pafah1b3 

platelet-activating factor 

acetylhydrolase, isoform 

1b, alpha1 subunit 0.551 (0.412 to 0.716) 

2.149 (2.146 to 

2.152) 

1368487_at Pai2a 

plasminogen activator 

inhibitor 2 type A 0.503 (0.368 to 0.65) 32.86 (22.8 to 47.34) 

1368702_at Pawr 

induced by effectors of 

apoptosis 0.452 (0.386 to 0.543) 1.888 (1.76 to 2.025) 

1386917_at Pc pyruvate carboxylase 8.071 (6.189 to 13.16) 

0.767 (0.749 to 

0.785) 

1369157_at Pde3b phosphodiesterase 3B 7.31 (5.681 to 9.487) 

0.625 (0.553 to 

0.706) 

1374452_at Pde9a  0.542 (0.298 to 0.741) 

0.175 (0.151 to 

0.203) 

1370941_at Pdgfra  1.773 (1.353 to 2.326) 

0.314 (0.293 to 

0.336) 

1387239_a_

at Pdi4 

peptidylarginine 

deiminase type IV 

0.0218 (0.01 to 

0.0967) 

4.357 (3.878 to 

4.895) 

1371731_at Pfkl  7.482 (5.772 to 10.45) 1.297 (1 to 1.681) 

1387015_at Pfn2 profilin II 0.486 (0.405 to 0.553) 4.9 (4.125 to 5.82) 
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1367970_at Pfn2 profilin IIa 0.438 (0.368 to 0.478) 

8.928 (8.623 to 

9.244) 

1386864_at Pgam1 

Phosphoglycerate 

mutase 1 0.76 (0.678 to 0.809) 

2.292 (2.258 to 

2.326) 

1368399_a_

at Pgcp 

plasma glutamate 

carboxypeptidase 2.282 (1.779 to 3.454) 

0.424 (0.369 to 

0.488) 

1387361_s_

at Pgk1 

phosphoglycerate kinase 

1 0.728 (0.705 to 0.755) 3.534 (3.53 to 3.537) 

1370571_at Pgt2 

prostaglandin transporter 

subtype 2 1.215 (1.124 to 1.386) 

0.386 (0.376 to 

0.396) 

1387271_at Phyh 

phytanoyl-CoA 

hydroxylase (Refsum 

disease) 3.599 (2.941 to 4.343) 0.277 (0.273 to 0.28) 

1370114_a_

at Pik3r1 

phosphatidylinositol 3-

kinase p45 subunit 10.24 (8.746 to 11.55) 

0.466 (0.361 to 

0.601) 

1387063_at Pius PiUS protein 1.359 (1.3 to 1.46) 

0.382 (0.368 to 

0.397) 

1369931_at Pkm2 pyruvate kinase, muscle 0.532 (0.473 to 0.605) 

2.371 (2.364 to 

2.377) 

1387250_at Pla2g10 

phospholipase A2, group 

10 0.937 (0.892 to 1) 7.87 (7.149 to 8.663) 

1368128_at Pla2g2a 

phospholipase A2, group 

IIA (platelets, synovial 

fluid) 4.819 (2.832 to 12.06) 

0.0248 (0.0197 to 

0.0312) 

1387675_at Plau 

urikinase-type 

plasminogen activator 0.872 (0.663 to 1.318) 

3.335 (3.207 to 

3.468) 

1398287_at Plau 

urinary plasminogen 

activator, urokinase 1.042 (0.772 to 1.576) 

5.141 (4.836 to 

5.467) 

1387269_s_

at Plaur urokinase receptor 0.628 (0.624 to 0.631) 

2.062 (2.027 to 

2.097) 

1371014_at Plcb1  1.687 (1.271 to 2.69) 

0.349 (0.311 to 

0.391) 

1386962_at Plcb4 Phospholipase C , beta4 1.283 (1 to 1.997) 

0.378 (0.367 to 

0.389) 

1367916_at Plcd1 phospholipase C, delta 1 1.658 (1.297 to 2.1) 0.364 (0.29 to 0.456) 

1369449_at Plin perilipin 7.504 (5.501 to 9.407) 0.85 (0.79 to 0.915) 

1370297_at plk polo like kinase 0.629 (0.419 to 0.811) 

3.149 (3.134 to 

3.165) 

1371139_at Pls3 T-plastin 0.564 (0.539 to 0.608) 1.698 (1.45 to 1.989) 
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1370247_a_

at Pmp22  1.963 (1.448 to 3.132) 

0.329 (0.252 to 

0.429) 

1369895_s_

at Podxl podocalyxin 1.166 (0.853 to 1.572) 

0.101 (0.0921 to 

0.111) 

1387946_at Ppicap mama 0.488 (0.416 to 0.595) 

1.973 (1.813 to 

2.147) 

1367813_at Ppp1r14a 

protein phosphatase 1, 

regulatory (inhibitor) 

subunit 14a 1.031 (0.776 to 1.217) 

0.307 (0.282 to 

0.334) 

1386968_at Ppp1r1a 

protein phosphatase 1, 

regulatory (inhibitor) 

subunit 1A 5.753 (3.412 to 8.536) 

0.427 (0.312 to 

0.584) 

1367677_at Prdx6 peroxiredoxin 5 0.479 (0.456 to 0.511) 

2.261 (2.228 to 

2.294) 

1387886_at Prelp  1.17 (1.08 to 1.294) 

0.175 (0.164 to 

0.186) 

1372647_at Prelp  1.264 (0.935 to 2.049) 

0.181 (0.161 to 

0.204) 

1371133_a_

at Prkar2b 

type II cAMP-dependent 

protein kinase regulatory 

subunit 4.314 (3.344 to 5.557) 

0.191 (0.189 to 

0.192) 

1386992_at Prkcl1 protein kinase C-like 1 1.242 (1.042 to 1.404) 

0.315 (0.313 to 

0.316) 

1370197_a_

at Prkcz  0.857 (0.694 to 1.111) 

0.0814 (0.0658 to 

0.101) 

1389662_at Prkwnk4 

0.164 (0.0757 to 

0.299) 4.18 (3.994 to 4.375) 

1370384_a_

at 

PRL 

receptor prolactin receptor 14.13 (12.2 to 15.8) 

0.352 (0.268 to 

0.461) 

1370789_a_

at Prlr lactogen receptor 3.838 (2.74 to 4.681) 

0.561 (0.511 to 

0.615) 

1368008_at Prom prominin 1.089 (0.577 to 1.977) 0.33 (0.326 to 0.334) 

1368165_at Prps1 

phosphoribosyl 

pyrophosphate 

synthetase 1 1.015 (0.945 to 1.106) 

3.258 (3.121 to 

3.402) 

1387085_at Prps1 

phosphoribosyl 

pyrophosphate 

synthetase 1 0.936 (0.823 to 1.051) 2.872 (2.81 to 2.935) 
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1398262_at Prps2 

phosphoribosyl 

pyrophosphate 

synthetase 2 2.547 (2.413 to 2.835) 

0.774 (0.713 to 

0.839) 

1367554_at Psbp1 

prostatic steroid-binding 

protein 1 8.747 (6.27 to 11.35) 

0.707 (0.448 to 

1.116) 

1367851_at Ptgds prostaglandin D synthase 2.503 (2.109 to 3.478) 0.143 (0.12 to 0.171) 

1368259_at Ptgs1 

prostaglandin-

endoperoxide synthase 1 0.575 (0.44 to 0.899) 

4.098 (3.789 to 

4.433) 

1369968_at Ptn 

pleiotrophin (Heparine 

binding factor, Hbnf, in 

the mouse) 1.809 (1.544 to 2.164) 

0.565 (0.502 to 

0.637) 

1368036_at Ptprf 

leukocyte common 

antigen related protein 0.506 (0.413 to 0.596) 

1.543 (1.365 to 

1.746) 

1368035_a_

at Ptprf 

leucocyte common 

antigen-related protein 

(LAR) 0.449 (0.403 to 0.542) 1.486 (1.43 to 1.545) 

1368358_a_

at Ptprr 

protein tyrosine 

phosphatase, receptor 

type, R 2.457 (1.91 to 3.58) 

0.557 (0.528 to 

0.588) 

1368350_at Ptprz1 

protein tyrosine 

phosphatase, receptor-

type, Z polypeptide 1 0.22 (0.163 to 0.382) 

1.532 (1.331 to 

1.762) 

1367780_at Pttg1 

pituitary tumour-

transforming 1 0.518 (0.284 to 0.753) 

3.446 (3.414 to 

3.479) 

1367885_at Pxmp2 

peroxisomal membrane 

protein 2 5.171 (3.708 to 6.931) 0.773 (0.74 to 0.809) 

1368674_at Pygl 

liver glycogen 

phosphorylase 2.368 (1.966 to 3.193) 

0.374 (0.281 to 

0.497) 

1368847_at Rab10 ras-related protein rab10 0.687 (0.641 to 0.756) 

2.239 (2.212 to 

2.267) 

1369004_at Rab26 

RAB26, member RAS 

oncogene family 0.673 (0.547 to 0.801) 3.873 (3.659 to 4.1) 

1367791_at Ramp1 

receptor-activity 

modifying protein 1 5.163 (4.121 to 6.711) 1.176 (1 to 1.383) 

1370372_at Rasd2 Rhes protein 5.834 (3.112 to 15.35) 

0.108 (0.0809 to 

0.145) 

1388185_at Rb1  1.619 (1.188 to 2.044) 0.496 (0.448 to 0.55) 

1368226_at Rcl 

putative c-Myc-

responsive 0.751 (0.481 to 1.17) 

3.119 (2.931 to 

3.319) 
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1387081_at Rcn2 reticulocalbin 2 0.578 (0.528 to 0.608) 

1.809 (1.641 to 

1.994) 

1371151_at R-CPA 

mast cell 

carboxypeptidase A 

precursor 4.979 (4.637 to 5.223) 0.931 (0.867 to 1) 

1367940_at Rdc1 

chemokine orphan 

receptor 1 1.501 (1 to 2.707) 0.3 (0.291 to 0.309) 

1373957_at Reln  1.508 (1.126 to 1.856) 0.129 (0.12 to 0.139) 

1369093_at Reln reelin 2.233 (1.678 to 2.743) 

0.187 (0.108 to 

0.324) 

1370910_at Rfc2  0.756 (0.652 to 0.884) 

2.503 (2.409 to 

2.601) 

1368080_at Rgc32 Rgc32 protein 4.52 (3.23 to 6.064) 

0.474 (0.448 to 

0.503) 

1368627_at Rgn regucalcin 1.012 (0.838 to 1.136) 

20.23 (19.65 to 

20.83) 

1387209_at Rgpr 

regucalcin gene 

promotor region related 

protein 1.54 (1.367 to 1.724) 

0.435 (0.339 to 

0.559) 

1369045_at Rgs14 

regulator of G-protein 

signaling 14 3.354 (2.732 to 4.303) 

0.586 (0.534 to 

0.643) 

1387074_at Rgs2 

regulator of G-protein 

signaling 2 1.447 (1 to 2.264) 

0.371 (0.365 to 

0.378) 

1370389_at 

rhombex-

29 Rhombex-29 1.135 (1 to 1.428) 

0.285 (0.235 to 

0.346) 

1370298_at RLZF-Y zinc finger protein Y1 0.672 (0.612 to 0.716) 2.21 (2.019 to 2.42) 

1370806_at Rmt7 

hypothetical protein 

RMT-7 3.327 (2.429 to 4.073) 

0.475 (0.439 to 

0.514) 

1368542_at Roaz 

Olf-1/EBF associated Zn 

finger protein Roaz 4.52 (3.242 to 6.899) 

0.0717 (0.0343 to 

0.15) 

1371414_at Rpl22  1.625 (1.533 to 1.764) 

0.421 (0.387 to 

0.458) 

1370308_at RS21-C6 RS21-C6 protein 0.649 (0.517 to 0.854) 2.85 (2.509 to 3.237) 

1389734_x_

at RT1Aw2 1.409 (1.035 to 1.743) 

0.273 (0.253 to 

0.293) 

1368097_a_

at Rtn1 reticulon 1 3.659 (3.256 to 4.517) 

0.386 (0.309 to 

0.483) 

1368025_at Rtp801 

HIF-1 responsive 

RTP801 0.776 (0.397 to 1.193) 5.397 (5.345 to 5.45) 



9 Appendix  151 

 

1370386_at Ruvbl1 TIP49 0.719 (0.617 to 0.874) 

2.488 (2.456 to 

2.522) 

1387125_at S100a9 

S100 calcium-binding 

protein A9 (calgranulin B) 

0.0715 (0.0671 to 

0.0751) 1.425 (1 to 2.031) 

1386903_at S100b 

S100 calcium-binding 

protein, beta (neural) 41.49 (32.48 to 50.92) 0.499 (0.436 to 0.57) 

1370573_at SarDH 

sarcosine 

dehydrogenase 1.335 (1.137 to 1.483) 

0.403 (0.375 to 

0.434) 

1368275_at Sc4mol 

sterol-C4-methyl 

oxidase-like 0.575 (0.506 to 0.642) 

3.597 (3.321 to 

3.895) 

1370355_at Scd1 

stearoyl-Coenzyme A 

desaturase 1 17.94 (17.43 to 18.88) 

0.292 (0.217 to 

0.393) 

1386889_at Scd2  0.307 (0.18 to 0.476) 3.672 (3.45 to 3.909) 

1367668_a_

at Scd2 

stearoyl-Coenzyme A 

desaturase 2 0.578 (0.456 to 0.704) 2.43 (2.272 to 2.599) 

1370973_at Scn6a  4.225 (3.175 to 7.039) 0.31 (0.208 to 0.461) 

1387319_at Scya11 

small inducible cytokine 

subfamily A11 2.903 (2.657 to 3.3) 0.295 (0.28 to 0.311) 

1367849_at Sdc1 syndecan 1 0.325 (0.277 to 0.377) 

2.486 (2.476 to 

2.496) 

1370166_at Sdc2  1.682 (1.484 to 2.117) 

0.425 (0.419 to 

0.431) 

1367721_at Sdc4 syndecan 4 0.602 (0.472 to 0.705) 

2.161 (2.078 to 

2.248) 

1369633_at Sdf1  2.471 (1.849 to 3.476) 

0.467 (0.426 to 

0.513) 

1367673_at Selenbp2 

selenium binding protein 

2 2.109 (1.308 to 3.25) 

0.568 (0.478 to 

0.676) 

1368394_at Sfrp4 frizzled related protein 1.233 (1 to 1.784) 5.166 (4.86 to 5.49) 

1367658_at Shank3 

SH3/ankyrin domain 

gene 3 1.772 (1.472 to 2.506) 

0.385 (0.364 to 

0.407) 

1369677_at SKR6 

CB1 cannabinoid 

receptor 1.012 (0.633 to 1.433) 

0.0497 (0.0348 to 

0.071) 

1398255_at Slc15a2 

solute carrier family 15, 

member 2 1.517 (1.242 to 1.76) 

0.192 (0.152 to 

0.242) 

1370367_at Slc1a1 

neuronal high affinity 

glutamate transporter 0.903 (0.597 to 1.391) 0.279 (0.277 to 0.28) 

1371883_at Slc1a3  2.368 (2.173 to 2.499) 0.76 (0.734 to 0.788) 

1368565_at Slc1a3 

solute carrier family 1, 

member 3 2.486 (2.048 to 2.94) 

0.266 (0.261 to 

0.272) 
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1368296_at Slc21a9 

organic anion transporter 

moat1 splice variant 3.286 (3.064 to 3.479) 0.84 (0.663 to 1.064) 

1368295_at Slc21a9 

solute carrier family 21 

(organic anion 

transporter), member 9 3.03 (2.526 to 3.64) 0.471 (0.43 to 0.516) 

1387189_at Slc22a3 

solute carrier family 22, 

member 3 7.489 (5.243 to 9.631) 

0.609 (0.566 to 

0.657) 

1368193_at Slc26a4 pendrin 0.593 (0.464 to 0.699) 

9.589 (9.403 to 

9.779) 

1398295_at Slc29a1 

solute carrier family 29, 

member 1 0.896 (0.823 to 1) 0.19 (0.161 to 0.223) 

1370848_at Slc2a1  0.468 (0.273 to 0.796) 6.661 (5.78 to 7.677) 

1388958_a_

at Slc2a4  4.281 (3.311 to 6.63) 

0.792 (0.788 to 

0.797) 

1367989_at Slc2a4 

solute carrier family 2 , 

member 4 10.16 (7.139 to 16.5) 

0.812 (0.796 to 

0.828) 

1368391_at Slc7a1 

solute carrier family 7, 

member 1 0.746 (0.603 to 1) 

3.539 (2.748 to 

4.558) 

1368392_at Slc7a1  0.834 (0.778 to 0.934) 3.05 (2.8 to 3.321) 

1370115_at Slc7a10 

solute carrier family 7, 

(cationic amino acid 

transporter, y+ system) 

member 10 9.533 (8.521 to 11.77) 

0.843 (0.804 to 

0.885) 

1387134_at Slfn4 schlafen 4 0.163 (0.13 to 0.223) 2.48 (2.081 to 2.955) 

1370282_at SmLIM 

smooth muscle cell LIM 

protein 1.096 (0.762 to 1.845) 

4.669 (3.809 to 

5.722) 

1368991_at Smpd3 

sphingomyelin 

phosphodiesterase 3, 

neutral 6.89 (3.982 to 10.68) 0.866 (0.765 to 0.98) 

1398245_at Sncg synuclein, gamma 53.36 (42.72 to 65.42) 0.478 (0.476 to 0.48) 

1369002_at Soat1 

acyl-coenzyme 

A:cholesterol 

acyltransferase 0.249 (0.199 to 0.295) 

1.843 (1.794 to 

1.894) 

1374976_a_

at Soat1  0.295 (0.223 to 0.388) 

1.934 (1.773 to 

2.109) 

1368322_at Sod3 superoxide dismutase 3 4.745 (3.891 to 6.312) 

0.345 (0.332 to 

0.359) 

1373535_at Sod3  0.665 (0.644 to 0.692) 3.599 (3.5 to 3.701) 

1368439_at Sox10 

SRY-box containing 

gene 10 14.09 (13.43 to 15.48) 

0.256 (0.135 to 

0.486) 
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1370999_at Spag5 sperm tail protein Spag5 0.39 (0.154 to 0.664) 

6.033 (5.454 to 

6.673) 

1386865_at Sparcl1 

extracellular matrix 

protein 2 2.005 (1.69 to 2.782) 0.392 (0.24 to 0.638) 

1368254_a_

at sphk1c sphingosine kinase 1c 0.475 (0.366 to 0.738) 

1.716 (1.584 to 

1.858) 

1368224_at Spin2c 

serine protease inhibitor 

2c 4.677 (3.426 to 6.166) 

0.415 (0.411 to 

0.419) 

1367812_at Spnb3 beta-spectrin 3 0.601 (0.472 to 0.8) 2.321 (2.198 to 2.45) 

1367581_a_

at Spp1 osteopontin 0.268 (0.227 to 0.348) 

1.606 (1.483 to 

1.738) 

1370884_at Spr  0.596 (0.533 to 0.701) 

3.819 (3.794 to 

3.844) 

1398241_a_

at Spt1 salivary protein 1 15.46 (7.352 to 57.19) 0.528 (0.371 to 0.75) 

1387017_at Sqle squalene epoxidase 

0.155 (0.0536 to 

0.273) 

4.498 (4.151 to 

4.874) 

1368671_at Srpx 

down-regulated by v-src 

gene 4.284 (3.677 to 4.78) 0.782 (0.736 to 0.83) 

1367913_at Staap 

stellate cell activation 

associated protein 2.61 (1.847 to 4.323) 0.615 (0.58 to 0.652) 

1368231_at Stat5a 

signal transducer and 

activator of transcription 

5a 2.076 (1.706 to 2.704) 0.67 (0.585 to 0.766) 

1398877_at Stip1  0.641 (0.581 to 0.695) 2.39 (2.318 to 2.464) 

1376039_at Stk6  0.4 (0.318 to 0.516) 

2.656 (2.486 to 

2.837) 

1386857_at Stmn1 stathmin 1 0.415 (0.267 to 0.667) 

1.964 (1.717 to 

2.248) 

1370041_at Stmn2 stathmin-like 2 3.964 (2.776 to 4.824) 1.294 (1.28 to 1.309) 

1370019_at Sult1a1 

sulfotransferase 

SULT1A1 3.52 (2.708 to 4.472) 

0.256 (0.147 to 

0.448) 

1368186_a_

at syk p72 2.168 (1.665 to 2.53) 

0.636 (0.626 to 

0.647) 

1387842_at Syt8 synaptotagmin 8 0.87 (0.726 to 1) 2.83 (2.475 to 3.237) 

1387280_a_

at TA1 

tumour-associated 

protein 1 0.433 (0.226 to 0.697) 

2.147 (2.037 to 

2.262) 

1370177_at Tage4  0.878 (0.771 to 1) 3.776 (3.161 to 4.51) 

1368842_at Tcf4  1.308 (1.102 to 1.714) 0.41 (0.38 to 0.444) 

1370965_at Tcf8  2.277 (2.096 to 2.535) 0.699 (0.489 to 1) 
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1367765_at Tcn2p 

transcobalamin II 

precursor 1.44 (1.086 to 2.294) 0.44 (0.412 to 0.47) 

1370916_at Tec  1.637 (1.547 to 1.701) 

0.339 (0.262 to 

0.437) 

1370228_at Tf  4.909 (4.85 to 5.02) 0.15 (0.13 to 0.174) 

1368323_at Tfpi 

tissue factor pathway 

inhibitor 1.281 (1.137 to 1.371) 

0.392 (0.391 to 

0.394) 

1387450_at Tgfa 

transforming growth 

factor, alpha 0.451 (0.285 to 0.604) 

12.49 (12.43 to 

12.55) 

1371959_at Th2a  2.661 (2.163 to 3.427) 

0.635 (0.633 to 

0.637) 

1368901_at Thbd  2.987 (2.14 to 4.927) 

0.457 (0.365 to 

0.572) 

1368900_at Thbd thrombomodulin 2.97 (2.406 to 3.699) 0.486 (0.368 to 0.64) 

1387852_at Thrsp 

thyroid hormone 

responsive SPOT14 

homolog 63.59 (57.34 to 76.92) 0.237 (0.217 to 0.26) 

1371400_at Thrsp  29.47 (24.54 to 34.63) 

0.236 (0.231 to 

0.242) 

1370150_a_

at Thrsp 

thyroid hormone 

responsive SPOT14 

homolog 25.31 (24.43 to 25.87) 

0.124 (0.0933 to 

0.165) 

1368522_at Timeless 

timeless (Drosophila) 

homolog 0.724 (0.625 to 0.858) 

2.541 (2.441 to 

2.646) 

1367712_at Timp1 

tissue inhibitor of 

metalloproteinase 1 0.449 (0.394 to 0.484) 

1.667 (1.482 to 

1.877) 

1367823_at Timp2  1.831 (1.571 to 2.434) 

0.504 (0.449 to 

0.566) 

1389836_a_

at Timp3  1.44 (1.073 to 2.276) 

0.121 (0.117 to 

0.125) 

1375138_at Timp3  1.335 (1 to 1.73) 

0.211 (0.178 to 

0.249) 

1372926_at Timp3  1.4 (1.098 to 1.864) 0.182 (0.158 to 0.21) 

1368989_at Timp3 

tissue inhibitor of 

metalloproteinase 3 1.407 (1.024 to 1.858) 

0.286 (0.274 to 

0.299) 

1370940_at Tjp2  0.384 (0.284 to 0.511) 

1.637 (1.503 to 

1.782) 

1386859_at Tkt transketolase 0.973 (0.778 to 1.424) 

3.347 (3.218 to 

3.482) 

1376635_at Tkt  1.011 (0.647 to 1.764) 3.952 (3.66 to 4.267) 
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1388145_at Tnxa  4.468 (3.351 to 7.102) 

0.804 (0.798 to 

0.811) 

1372186_a_

at Top2a  0.372 (0.15 to 1.053) 

7.962 (7.811 to 

8.115) 

1388650_at Top2a  

0.246 (0.0704 to 

0.609) 

5.275 (5.113 to 

5.442) 

1368840_at TORID TORID 1.113 (0.958 to 1.239) 

0.339 (0.301 to 

0.383) 

1368540_at Tpbg trophoblast glycoprotein 0.514 (0.458 to 0.59) 

1.635 (1.424 to 

1.876) 

1367603_at Tpi1 

triosephosphate 

isomerase 1 0.837 (0.723 to 1.021) 

2.974 (2.935 to 

3.014) 

1371113_a_

at 

transferri

n 

receptor transferrin receptor 0.762 (0.575 to 0.934) 

2.925 (2.796 to 

3.061) 

1388111_at Trela  1.294 (0.962 to 1.949) 

0.301 (0.282 to 

0.321) 

1369165_at Trpc3 ion channel protein 2.617 (1.392 to 4.966) 

0.349 (0.288 to 

0.422) 

1370809_at Tubg1 tubulin 0.652 (0.498 to 0.865) 

2.549 (2.459 to 

2.643) 

1386958_at Txnrd1 thioredoxin reductase 0.481 (0.457 to 0.527) 

3.723 (3.597 to 

3.853) 

1398791_at Txnrd1 thioredoxin reductase 1 0.609 (0.479 to 0.726) 2.693 (2.54 to 2.855) 

1367790_at U83883 p105 coactivator 0.724 (0.626 to 0.821) 

2.198 (2.044 to 

2.364) 

1369617_at Ube2n 

ubiquitin-conjugating 

enzyme E2N 

(homologous to yeast 

UBC13) 0.716 (0.558 to 0.909) 4.113 (3.759 to 4.5) 

1370554_at uchl3 

ubiqutin carboxyl-

terminal hydrolase l3 0.665 (0.638 to 0.693) 

3.337 (2.966 to 

3.755) 

1387681_at Ucp3 UCP3 1.817 (1.397 to 2.408) 

0.446 (0.419 to 

0.474) 

1367938_at Ugdh 

UDP-glucose 

dehydrogeanse 0.948 (0.787 to 1.305) 

2.948 (2.788 to 

3.116) 

1388204_at 

UMRCas

e collagenase 0.27 (0.162 to 0.388) 

17.45 (11.55 to 

26.37) 

1369857_a_

at UT3 urea transporter 2.049 (1.335 to 2.56) 

0.541 (0.442 to 

0.662) 
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1386909_a_

at VDAC1 

voltage-dependent anion 

channel 1 0.675 (0.605 to 0.783) 

2.542 (2.322 to 

2.784) 

1370810_at VIN1 cyclin D2 1.559 (1.204 to 2.169) 0.31 (0.252 to 0.38) 

1387561_at Vipr1 

vasopressive intestinal 

peptide receptor 0.27 (0.218 to 0.379) 

0.0467 (0.0436 to 

0.0502) 

1387751_at Wap whey acidic protein 49.47 (17.65 to 95.95) 

0.137 (0.111 to 

0.169) 

1369203_at Wif1 Wnt inhibitory factor 1 0.848 (0.593 to 1.266) 0.264 (0.23 to 0.304) 

1369973_at Xdh xanthine dehydrogenase 1.107 (1 to 1.327) 

0.285 (0.232 to 

0.351) 

1368428_at Xpnpep2 

X-prolyl aminopeptidase 

(aminopeptidase P) 2, 

membrane-bound 1.748 (1.41 to 2.026) 

0.245 (0.172 to 

0.349) 

1388150_at Xpo1  0.591 (0.404 to 0.722) 

2.766 (2.572 to 

2.975) 
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