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Introduction 
 

1 Introduction 

 
The answer to the question which mammal would be the first to have two complete 

genomes of an individual sequenced seems obvious at a first glance.  

The human. 

But it is not.  

It is the dog. 

So what makes this genome so interesting for research? Where are the benefits and 

what is the scientific community going to earn from this double sequencing?  

 

The canine genome offers a wide field for genetic studies on various areas like e.g. 

phenotypic diversity, heredity and diseases including cancer. The diversity of the 

different canine breeds in terms of phenotype and behaviour is unique among 

mammals. Up to now about 300 different canine breeds exist which compose with a 

wide number of mixed breeds the canine “community”. Taking into account the 

extreme differences in appearance and behaviour of the single breeds the 

identification of the genes responsible for this diversity could be significant for 

research e.g. in fields of development, disorders and diseases. Comparison of the 

mitochondrial DNA from domestic dogs and the grey wolves revealed that the 

difference is just 0.2% (Wayne, 1993). Considering the extreme differences in 

behaviour and morphology of wolves and domestic dogs the variety found in the 

single dog breeds suggests that the number of mutations causing these differences 

is small (Scott and Fuller, 1965). In fact, mitochondrial DNA comparison of different 

canine breeds revealed 99.9% homology (Wayne, 1993).  

The different “purebred” breeding programmes carefully watched by humans 

including its inbreeding led to expression of various recessively inherited diseases 

(Patterson et al., 1988) and as side effect allowed to observe that the different breeds 

have particular predispositions for diseases including different types of cancer 

(McEwen, 1990; Nolte and Nolte, 2000). Currently, the “Canine Genetic Disease 

Information System” contains the clinical, pathological and genetic features of more 

than 370 genetic disorders (Patterson, 2000). This constitutes the largest set of 

naturally occurring genetic disorders in any non-human species. For those disorders 

for which the mode of inheritance has been defined more than 70% are inherited as 
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autosomal recessive, X-linked recessive, or are genetically complex, with 

appearance increasing with inbreeding (Ostrander et al., 2000). More than 50% of 

the recognised canine genetic diseases resemble the specific human genetic 

diseases and more than 46% of the identified genetic disorders occur predominantly 

in one or a few breeds (Ostrander et al., 2000).     

This offers a rare opportunity for human clinical geneticists to identify breed specific 

disease associated genes and study them including their heredity in well documented 

canine pedigrees. Especially in cases where the number of human patients showing 

the disorder is small the high number of canine offspring is useful. 

In terms of cancer the dog shows additional advantages. First of all, the dog enjoys 

after the human the best medical care of all organisms allowing a detailed 

surveillance of the cancer, its progression and therapy. Cancer studies in dogs are 

conducted on spontaneously developing tumours as opposed to rodent studies with 

tumours being experimentally induced by carcinogens or transplanted in 

immunocompromised animals. This suggests that the mechanisms of development in 

these tumours could be more similar in both species compared to rodents. Further 

on, dogs share the same environmental conditions with humans and are largely 

exposed to the same environmental agents. It is generally believed that dogs develop 

cancer twice as frequently as humans, and that the presentation, histology and 

biology of several canine cancers is similar to humans (Withrow and MacEwen 1988, 

2001; MacEwen 1990). Most canine cancers progress more rapidly than their human 

counterparts permitting an easier observation of the tumour progression (Withrow 

and MacEwen, 2001). For molecular tumour analyses the canine model has the 

advantage of much easier accessibility of tumour samples and their corresponding 

“healthy” tissues due to the higher tumour incidence and lesser moral concerns 

compared to humans. In addition, treatment and therapy studies done in animals 

have the advantage that new therapeutic approaches especially single-agent trails 

can be done with much lower legislative restrictions. At least a dozen distinct canine 

cancers are hypothesized to be appropriate models for their human counterparts 

(Patterson, 1982; Withrow and MacEwen; 1989, MacEwen 1990; Knapp and Waters, 

1997), among those osteosarcomas, mammary carcinomas, oral melanomas, lung 

carcinomas and malignant non-Hodgkin’s lymphomas (MacEwen, 1990). 
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In spite of all these advantages the development and accessibility of basic 

information and molecular tools to analyse the canine genome were surprisingly low 

at the beginning of this thesis in May 2000. The NCBI database hosted in the year 

2000 about 7,000,000 EST entries of which approximately 6,000,000 were of human 

and rodent origin compared to just 147 canine entries (Murua Escobar, 2000). 

Commercially available molecular tools like multi tissue Northern Blots, cDNA 

libraries, BAC-/PAC libraries, micro-/macro arrays etc. were practically non existent 

with the exception of one constructed BAC library by Lin et al. (1999). Till 1999, of the 

about 215 known canine genetic diseases that showed to reassemble a counterpart 

in human genetic diseases only 30 were molecularly characterized and their mode of 

inheritance defined (for details see Patterson et al., 2000b, Switonski et al., 2004). 

Most of these characterisations were limited to partial or complete cDNA sequences 

containing the complete protein coding sequence (CDS).  

The lack in gene mapping information is caused by the complicated canine karyotype 

showing 78 small, mostly acrocentric chromosomes that are difficult to distinguish. 

Till 1996 no complete standard nomenclature could be established for the dog and 

consent was existing just for the first 21 chromosomes according to Selden et al. 

(1975). Reimann et al. presented 1996 the first complete nomenclature with 460 

bands which allowed to distinguish all canine chromosomes and defined their 

orientation. This nomenclature served as basis for all canine nomenclatures 

presented afterwards (Breen et al., 1999b, 1999c) and was set as standard 

nomenclature by the “Committee for the Standardized Karyotype of the dog” 

(Switonski et al., 1996). The number of laboratories capable to exactly work with 

Reimann’s nomenclature and reliably identify the canine chromosomes is until now 

(2004) very limited leading to comparatively little direct FISH mapping data. 

Alternatively, groups worked with linkage maps (Lingaas et al. 1997; Mellersh et al. 

1997; Neff et al. 1999), canine radio hybrid (RH) maps, and by integrating both maps 

(Priat et al. in 1998; Mellersh et al. 2000; Breen et al., 2001; Guyon et al 2003). 

Currently, this map has a resolution of 900 kb and a number of 4249 markers 

integrated (Guyon et al. 2003; Breen et al., 2004). Chromosomal synteny studies 

between humans and dogs were presented in 1999 (Yang et al., 1999, 2000; Breen 

et al., 1999a) allowing assignment of the respective chromosomal areas. The “Gold 

Standard” method for reliable gene mapping remains in any case the direct FISH 

mapping. Existing small rearrangements, deletions and insertions in the canine 
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genome like those seen in the mouse genome (Wayne and Ostrander, 2004) are 

hardly detectable by RH mapping and thus direct FISH mapping remains the method 

of choice for gene localisation. 

The present thesis is divided in to three main fields of the canine genome and cancer 

research.  

Firstly, screening of canine BAC clones containing genes known to be relevant in 

human tumours and mapping their position in the canine genome by FISH. 

Secondly, molecular cloning and characterisation of the canine counterparts of the 

human HMGA and HMGB Protein family genes as basis for later functional studies to 

be performed in a canine model system and characterisation of further potential 

tumour relevant canine genes.  

Thirdly, screening of canine tumours for hot-spot mutations of NRAS and KRAS2 

genes to elucidate if known tumour mechanisms found in humans are existent in 

naturally occurring fibrosarcomas and melanomas of the dog as well.    

 

HMG proteins can modify chromatin structure by bending DNA thus influencing the 

transcription of a number of target genes (for review Muller et al., 2001; Reeves and 

Beckerbauer, 2001). HMGA1 proteins participate in regulation of inducible gene 

transcription, integration of retroviruses into chromosomes, and the induction of 

neoplastic transformation and promotion of metastatic progression of cancer cells. 

Chromosomal aberrations affecting the human HMGA1 gene at 6p21 were described 

in several tumours like pulmonary chondroid hamartomas, uterine leiomyomas, 

follicular thyroid adenomas, and others (Williams et al., 1997; Kazmierczak et al., 

1998; Tallini et al., 2000). Over-expression of the proteins of HMGA1 is characteristic 

for various malignant tumours suggesting a relation between high titer of the protein 

and the neoplastic phenotype (Tamimi et al., 1993; Chiappetta et al., 1995, 1998; 

Fedele et al., 1996; Bandiera et al., 1998; Abe et al., 1999, 2000; Czyz et al., 2004). 

Further on, a HMGA1 antisense strategy using an adenoviral vector treatment of 

induced tumours in athymic mice caused a drastic reduction in tumour size (Scala et 

al., 2000). 

Beside its function as an architectural transcription factor, HMGB1 can also be 

secreted by certain cells, e.g. macrophages (Wang et al., 1999). As an extracellular 

protein HMGB1 is a ligand for the receptor for advanced glycation end products 

(RAGE) (Hori et al., 1995; Parkkinen and Rauvala, 1991; Parkkinen et al., 1993) thus 
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activating key cell signalling pathways, such as p38MAPK, JNK, and p42/p44MAPK and 

playing an important role in inflammation and tumour metastasis (Taguchi et al., 

2000; Liotta and Clair, 2000). HMGB1 is able to bind to cisplatin-DNA-adducts (Pil 

and Lippard 1992) and sensitises cancer cells to cisplatin by shielding its major DNA 

adducts from nucleotide excision repair (He et al. 2000). He et al. (2000) have shown 

that in oestrogen receptor positive human breast cancer cells oestrogen can 

significantly increase the effect of cisplatin by causing an overexpression of HMGB1. 

This finding has led to the conclusion that oestrogen treatment prior to cisplatin 

therapy may sensitise the cancer cells against that drug.  

 

Point mutations of the so-called hot-spot codons 12, 13, and 61 affecting genes of 

the ras family are assumed to be among the most important alterations in human 

tumourigenesis (Hahn et al., 1994; Arber et al., 1999). These ras proteins play an 

important role as signal transmitters which are activated by the binding of growth 

factors initiating cell division. Mutations in ras genes are assumed to remove the time 

limit of the cell stimulating signals which results in uncontrolled cell division by 

affecting their autotermination process (Sigal et al., 1988, 1988a; Singer 1992; Park 

1995; Watzinger et al., 1998). Just one report of a ras mutation screening including 

canine fibrosarcoma samples has been published (Watzinger et al., 2001) and also 

studies about KRAS2 mutations in canine melanomas are completely missing. In 

canine melanomas so far almost no hot-spot NRAS mutations were described with 

one exception: recently Mayr et al. (2003b) found 2 of 16 melanomas to be affected 

by mutations in codon 61. 

 

To achieve the primary goals of this thesis the following work was conducted: 

Firstly, the position of ten canine genes was localised by direct canine gene FISH 

mapping. 

Secondly, the canine HMGA1, HMGB1, CCND1, ZNF331 genes were molecularly 

characterized.  

Thirdly, thirteen canine fibrosarcomas, two feline fibrosarcomas and eleven canine 

melanomas were screened for ras gene point mutations, particularly within the 

mutational hot-spot codons.  

Additionally, it was participated in studies involving the human ZNF331 and THADA 

genes, and in the evaluation of the new fixative HOPE for molecular methods. 
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2 Material and Methods 

 

2.1 Tissues 

The tissues used were provided by the Small Animal Clinic, School of Veterinary 

Medicine, Hanover, Germany. Samples were taken during surgical treatment or 

straightly after the animal was “put to sleep”. Tissues were put into cryo-tubes, 

labelled and immediately shock-frozen in liquid nitrogen. The tubes were sorted and 

stored at -80°C 

The breeds represented were Alsatian, Bull Terrier, Collie, Dachshund, Doberman 

Pinscher, German Shorthaired Pointer, Golden Retriever, Jack Russell Terrier, 

Kangal, Munsterland, West Highland Terrier, Yorkshire Terrier and crossbreeds.  

 

2.2 Cell Culture and Cell Lines  

The cell lines used were provided by the Centre for Human Genetics, University of 

Bremen, Bremen, Germany. 

Cell line ZMTH3 was derived from a canine pleomorphic adenoma. 

Cell line MTH52C was derived from malignant small cell tumour.  

Cell line MTH53A was derived from healthy canine mammary tissue. 

 

2.3  DNA Isolation  

2.3.1 Plasmid DNA Isolation 

Plasmid DNA preparations were done using the “QIAprep Spin Miniprep Kit” (Qiagen) 

following the manufacturers instructions (QIAprep Miniprep Handbook, Page 22-23, 

QIAprep Spin Miniprep Kit Protocol). 5 ml LB overnight cultures were used for 

standard procedure DNA isolation. The DNA was eluted in EB buffer and the 

concentrations measured photometrically. 
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2.3.2 BAC DNA Isolation 

BAC DNA preparations were done using the “QIAGEN Plasmid Maxi Kit” (Qiagen) 

following the manufacturers instructions (QIAGEN Plasmid Purification Handbook 

Page 47- 51, Protocol “Very Low-Copy Plasmid/Cosmid Purification”). 5 ml LB 

overday (8 h) cultures were used as starter cultures for inoculation of 250 ml 

overnight cultures for standard procedure BAC DNA isolation. The BAC DNA was 

eluted in EB buffer and the concentration measured photometrically. 

 

2.3.3 Genomic DNA Isolation 

Genomic DNA isolations from blood, tissue and cell culture were done using the 

“QIAamp DNA Mini Kit” (Qiagen) following the manufacturers instructions (QIAamp 

DNA Mini Kit and QIAamp DNA Blood Mini Kit Handbook). DNA from blood was 

obtained using 200µL EDTA blood (Page 27-29, Blood and Body Fluid Spin 

Protocol). For DNA tissue isolation 25 mg fresh or frozen tissue were used (Page 33 - 

36, Tissue Protocol). Isolations from cell culture were done using 5x 106 cells (Page 

49, Protocol for cultured cells). The DNA was eluted in EB buffer and the 

concentration measured photometrically.  

 

2.4 PCR 

DNA fragment amplification with PCR was done using gene specific primers following 

the standard (Invitrogen) protocol (Basic PCR Protocol). The annealing temperatures 

and minor modifications were varied according to the used primer (for details see  the 

respective publications). The PCR reaction itself was done in an Eppendorf 

Mastercycler Gradient (Eppendorf) in 0,2 ml Eppendorf PCR reaction tubes. PCR 

product purification was done using “QIAquick PCR Purification Kit” (Qiagen) 

following the “QIAquick Spin Handbook, Page 18, QIAquick PCR Purification Kit 

Protocol”. 

 

2.5  Gelelectrophoresis 

The electrophoretic separation of the DNA molecules was done depending on the 

DNA fragment size in 0,7 – 4,0 % agarose gels. The samples were mixed with an 

adequate volume of 6x loading dye and separated at 6 V/cm for 1 – 24 h. 
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Visualisation of the DNA was done using Ethidiumbromide and UV light at 254 nm. 

 

2.6 Cloning and Sequencing of DNA Fragments 

PCR DNA fragments to be cloned were recovered with QIAEX II (Qiagen) following 

the manufacturers instructions (QIAEX II Handbook, Page 12-13, QIAEX II Agarose 

Gel Extraction Protocol). The fragments were cloned in pGEM-T Easy Vector System 

(Promega) following the manufacturers instructions using 50ng vector DNA and 1 µl 

PCR product (pGEM-T and pGEM-T Easy Vector Systems Technical Manual No. 

042, Page 7 ,Protocol for Ligations Using the pGEM-T and pGEM-T Easy Vectors 

and the 2X Rapid Ligation Buffer).  

 

2.7  DNA Restriction Endonuclease Digestion 

DNA endonuclease digestions were done using various restriction enzymes and their 

specific buffers and temperatures following the manufacturers instructions. DNA 

quantities over 5 µg DNA were digested with 20 U enzyme overnight. DNA quantities 

minor then 5 µg were digested applying 5 U enzyme for 3 – 5 h. 

 

2.8 In Silico Analysis 

The genomic DNA contigs, cDNA contigs, protein predictions, and the homology 

alignments were created with Lasergene software (DNAStar). 

 

2.9 RNA and mRNA Purification 

2.9.1 Total RNA Purification Using TRIzol LS 

Total RNA was isolated from canine tissue and cell culture using TRIzol LS 

(Invitrogen). For cell culture total RNA isolation the cell culture medium was removed 

from the tissue culture flask, 1 ml TRIzol LS added and the cells resuspended by 

pipetting for homogenisation.  

The tissue samples were reduced to small pieces in a cell culture dish in 1 ml TRIzol 

LS for homogenisation. All following steps were performed following the 

manufacturers protocol (TRIzol LS Reagent Protocol). Finally the RNA pellets were 

washed twice in 70% ethanol, dried at room temperature and resuspended in A. 
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bidest. Before storing at -80°C all sample concentrations were measured 

photometrically. 

 

2.9.2 Total RNA Purification Using RNeasy 

Total RNA was isolated from canine tissue and cell culture using “QIAGEN RNeasy 

Mini Kit” (Qiagen) following the instructions of the “RNeasy Mini Handbook”. For cell 

culture total RNA isolation the cell culture medium was removed from the tissue 

culture flask, and the cells resuspended in the required amount of RLT buffer. All 

following steps were performed following the manufacturers protocol (RNeasy Mini 

Protocol for Isolation of Total RNA from Animal Cells, Page 31-35). The tissue 

samples were homogenisised using a disperser tool (Ultra-Turrax) in the required 

amount of RLT buffer. All following steps were performed following the manufacturers 

protocol (RNeasy Mini Protocol for Isolation of Total RNA from Animal Tissues, Page 

50-55). Before storing at -80°C all sample concentrations were measured 

photometrically.  

 

2.9.3 mRNA Purification Using Oligotex  

mRNA purification from total RNA was done using the “Qiagen Qligotex mRNA Mini 

Kit” (Qiagen) following the manufacturers instructions (Oligotex Handbook, Page 20 – 

22, Oligotex mRNA Spin-Column Protocol). The purifications were started with up to 

1 mg total RNA. The mRNA was eluted with QEB buffer, measured photometrically 

and stored at -80°C. 

 

2.10  cDNA Synthesis 

2.10.1 Synthesis Using M-MLV RT 

cDNA was synthesised from total RNA and mRNA using 3’-RACE adaptor primer 

AP2 (AAGGATCCGTCGACATC(17)T), 5 µg total RNA or 500 ng mRNA, and 200 U 

M-MLV RT reverse transcriptase according to the manufacturer’s (Invitrogen) 

instructions (M-MLV Reverse Transcriptase Protocol, review 091002).  

 

16 



Material and Methods 
 

2.10.2 Synthesis Using SuperscriptTM 

cDNA was synthesised from total RNA and mRNA using 3’-RACE adaptor primer 

AP2 (AAGGATCCGTCGACATC(17)T), 5 µg total RNA or 500 ng mRNA, and 200 U 

SuperscriptTM RT Reverse Transcriptase according to the manufacturer’s (Invitrogen) 

instructions (SuperscriptTM Reverse Transcriptase, Protocol review 260903). 

 

2.11 DNase Treatment 

To avoid genomic DNA contamination in the RNA samples a DNase digest of each 

RNA sample was performed using DNA-free according to the manufacturer’s 

(Ambion) instructions using 2 U DNase I / 10µg RNA (Protocol “DNase Treatment 

and Removal Reagents”, Version 0204).  

 

2.12 RNA Gelelectrophoresis and Northern Blotting 

RNA gelelectrophoresis and Northern blotting was performed following the 

instructions of the Stratagene (Stratagene) “Northern Transfer Protocol” (Messenger 

RNA Isolation Kit, Instruction Manual, Page 13 – 15).  

 

2.13 DNA / cDNA Probes 

Canine cDNA and genomic DNA probes were used for hybridisation of canine 

Northern Blots and canine BAC Screening, respectively. The probes were generated 

by PCR using gene specific primer on cDNA or genomic DNA of various canine 

tissues, blood or cell cultures. The obtained PCR products were separated on a 1.5% 

agarose gel, recovered with QIAEX II (QIAGEN), cloned in pGEM-T Easy Vector 

System (Promega) and sequenced for verification. 

 

2.14 Radioactive Probe Labelling and Purification 

Probe labelling was performed either using the “MegaprimeTM DNA Labelling 

System” (Amersham Pharmacia Biotech) or “Random Primed DNA Labeling Kit” 

(Roche Diagnostics) following the manufacturers protocols with 50 µCi(α32P)dCTP 

and 50 ng probe DNA for Northern and Southern Blots or 250 µCi(α32P)dCTP and 

250 ng probe DNA for BAC Filter Screening. The (α32P)dCTP radioactive nucleotides 
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were synthesised by Amersham Pharmacia Biotech. Purification of the labelled probe 

was performed using Sephadex G-50 Nick Columns (Amersham Pharmacia Biotech) 

following the manufacturer’s instructions.  

 

2.15 Hybridisations 

2.15.1 BAC Screening 

Canine genomic DNA probes were used for hybridisation of canine RPCI-81 

BAC/PAC filter (BACPAC Resources). The probes were generated by PCR using 

gene specific primer on genomic DNA of the canine tissue, blood or cell culture. The 

obtained PCR product was separated on a 1.5% agarose gel, recovered with QIAEX 

II (QIAGEN), cloned in pGEM-T Easy Vector System (Promega) and sequenced for 

verification. The probe labelling was performed as described in the manufacturer’s 

protocol with 250 ng DNA and 250 µCi(α32P)dCTP. Purification of the labelled probe 

was done using Sephadex G-50 Nick Columns. Hybridisation and analysis were 

performed according to manufacturer’s protocol (Hybridisation of High Density 

Filters). Signals were visualised using a STORM phosphorimager (Molecular 

Dynamics). 

 

2.15.2 Northern Blots 

Northern Blot hybridisations were done using the PERFECTHYB PLUS hybridisation 

solution (Sigma-Aldrich). Prehybridisation was carried out for 30 min and 

hybridisation for 2.5 h at 68°C. The membrane was washed for 5 min at room 

temperature in 2 x SSC / 0.1% SDS, and twice for 20 min at 68°C in 0.5 x 

SSC / 0.1% SDS. Signals were visualised using a STORM phosphorimager 

(Molecular Dynamics). 
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3 Results 

3.1 Canine Gene Characterisations (Chronological Order) 

To use the dog as model system for human diseases in basic research, cancer 

research and drug discovery the knowledge and characterisation of the 

corresponding canine genes is precondition. In this study gene characterisation work 

was done for five canine genes with focus on the canine HMG genes. The results are 

presented in chronological order. 

 

3.1.1 The Canine HMGB1 

XIII: Murua Escobar H et al., Cytogenetics and Genome Research, 101(1): 2003 

VIII: Meyer B et al., Anticancer Research, 24(2B): 2004 

 

The complete canine HMGB1 cDNA consists of 2236 bp encoded by five exons 

similar to the human transcript (GenBank acc. no. AY135519). The identity of the 

complete molecule compared to its human counterpart is 90.8% whereas the ORF is 

95.4%. The derived canine protein consists of 215 aa with a molecular weight of 

24892.67 Da. Comparison to the human protein showed 100% homology of the 

canine counterpart. Northern Blot analyses were performed to define a basic 

expression pattern in canine heart, lung, muscle, kidney, and spleen tissue. Except 

for the kidney tissue that showed no detectable signal, all samples revealed two 

transcripts similar to the signals obtained in human fibroblasts of about 1.4 and 2.4 

kb. Northern Blot hybridisation on a series of 5 osteosarcomas, one fibrosarcoma and 

one leiomyosarcoma sample resulted in the detection of the two HMGB1 transcripts. 

In order to quantify the expression of HMGB1, the blot was rehybridised with a canine 

GAPDH specific cDNA probe. After summarising the intensities of the 1.4 and 2.4 kb 

HMGB1 signals, the HMGB1-RNA / GAPDH-RNA ratios were calculated. Values 

obtained by Northern Blot analysis for the osteosarcoma samples varied between 

0.52 and 1.31, while the fibrosarcoma and the leiomyosarcoma showed ratios of 0.73 

and 0.24, respectively. Semi-quantitative duplex RT-PCR suitable for detecting 

intertumoural variation of HMGB1 expression in relation to expression of the house-

keeping gene GAPDH showed values for the osteosarcoma samples which varied 
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between 0.72 and 1.28, while the ratios for the fibrosarcoma and the leiomyosarcoma 

were 0.73 and 0.42, respectively. In order to determine the comparability of the 

results obtained by the Northern Blot hybridisation and RT-PCR analyses, mean 

values for each test series were calculated, set to one, and relative expression levels 

were determined. Statistical analysis using the Pearson’s Correlation Test revealed a 

significant correlation between the relative HMGB1 expression level obtained by 

Northern Blot hybridisation and the level obtained by the established RT-PCR 

(r=0.8919, p=0.0071). At the genomic level the canine HMGB1 gene exon/intron 

structure is similar to the human ortholog consisting of five exons and four introns. 

While the homologies of the exons, lying between 89.4% and 98.7%, are extremely 

high the homologies of the amplified introns 2 – 4 vary between 20.3% – 59.0%. 

Approaches to amplify the canine intron 1 resulted in unspecific PCR products.  

 

3.1.2 The Canine LHCGR 

XI: Santos SE et al., Animal Genetics, 35(1): 2004 

 

Part of exon 11 of the canine luteinizing hormone receptor (LHCGR) gene was PCR 

amplified (960 bp) and sequenced. The canine exon 11 fragment shared 89%, 89%, 

92% and 88% identity to the human, bovine, porcine and murine LHCGR sequences 

respectively. Two polymorphic sites were identified in codons encoding amino acid 

positions Ile 378 and Val 397 of LHCGR.  
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3.1.3 The Canine HMGA1 

X: Murua Escobar H et al., Gene, 14(330): 2004 

 

The characterisation of the canine HMGA1 cDNAs revealed that the complete canine 

HMGA1 cDNA spans six exons and codes for two splicing variants HMGA1a with 

1836 bp and HMGA1b with 1803 bp. The splicing variants showed the “typical” 33 bp 

gap difference which is conserved across various species. The homology of the 

canine cDNAs to their human counterparts is 80.6% for both splicing variants. The 5’-

UTR, CDS, and the 3’-UTR showed homologies of 95.6, 95.1 and 74,7%, 

respectively. The canine HMGA1a protein is a 107 amino acid molecule with a 

calculated weight of 11,674.97 Da and HMGA1b a 96 amino acid molecule with a 

calculated weight of 10,677.85 Da. For twelve different canine breeds the splicing 

variants HMGA1a and HMGA1b were characterised. The comparison of the protein 

coding sequences for these twelve canine breeds revealed one amino acid change in 

a single breed. Sample 2 (Teckel) showed in its HMGA1b transcript a nucleotide 

transition from A to G at the first base of codon 64 leading to an aa replacement from 

threonine to alanine and a new restriction recognition site for AluI causing four (58, 

100, 158, 176 bp) instead of three fragments (58, 100, 334 bp) to appear in an AluI 

digest. The substitution was missing in the corresponding HMGA1a transcript of the 

dog suggesting a heterozygous genotype. Northern Blot analysis containing total 

RNA from canine spleen, heart, lung, muscle, and kidney tissue samples showed, 

with exception of the kidney total RNA and one of two heart samples (Trizol method) 

a weak signal of approximately 1.8 kb for all total RNA samples, while the poly A 

RNA spleen sample revealed a distinct signal. Rehybridisation with a canine GAPDH 

probe showed signals corresponding to approximately 1.3 kb in all but the Trizol 

method, indicating a degradation of the Trizol-prepared RNA. 
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3.1.4 The Canine ZNF331 

VII: Meiboom M et al., Animal Genetics, 35(3): 2004  

 

The composed canine ZNF331 cDNA (GenBank acc. no. AY375188) consists of 

2148 bp including the full ORF. Comparison of canine and human ZNF331 showed 

high homology on the nucleotide level with sequence identities of 87.3% in the 

KRAB-A box and 87.2% in the zinc finger domain. The spacer region showed 77.3% 

homology to its counterpart. Overall, the nucleotide sequence identity of canine and 

human ZNF331 is 85.3% in the ORF and the adjacent 50 bp of the 5' UTR containing 

the ATG start codon. The 3' UTRs and remainings of the 5' UTRs showed little 

sequence identity with 35.6% and 39.8%, respectively.  

At the amino acid sequence level, the canine and the human ZNF331 revealed a 

92.9% homology for the KRAB-A boxes and 96% for the zinc finger domains. The 

spacer regions revealed only 59.6% homology in the amino acid sequence. The zinc 

finger domain of canine ZNF331 is extended by 26 amino acids resulting from a 

nucleotide deletion, when compared to human cDNA sequence, directly upstream of 

the TGA stop codon leading to a shift in the open reading frame. Based on the 

sequence data obtained, it can be deduced that canine ZNF331 is composed of a 

1813 bp 3' exon containing the 3' UTR, the zinc finger domain and the spacer, a 126 

bp exon containing the KRAB-A box, and a so far unknown number of 5' exons 

comprising 209 bp.  

Expression studies using Northern Blots containing mRNA from various canine 

tissues including testis and a canine ZNF331 spacer-specific probe did not reveal 

transcripts of canine ZNF331 which points to a very low expression level of this gene. 
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3.1.5 The Canine CCND1 

II: Meyer B et al., Animal Genetics, 35(5): 2004  

 

For characterisation of the canine CCND1 gene and the corresponding protein a 

cDNA from a canine osteosarcoma was screened with primers specific for the ORF 

of human cyclin D1. In silico analyses allowed the composition of a 1246 bp cDNA 

contig (GenBank acc. no. AY620434), showing 90.4% sequence identity of the 

canine ORF, 68.5% in the 3’ UTR, and 74.7% 5’ UTR respectively, compared to the 

human counterpart (NM_053056). In accordance with the human orthologue the 

deduced canine protein comprises 295 aa with 93.3% homology between the two 

species. 

 

3.2 Canine Point Mutation Screening 

3.2.1 Canine ras Gene Hotspot Mutation Screening 

I: Murua Escobar H et al., Aniticancer Research (in press) 

 

To elucidate if ras mutations exist in these naturally occurring tumours in dogs, 

thirteen canine fibrosarcomas, two feline fibrosarcomas and eleven canine 

melanomas were screened for point mutations, particularly within the mutational hot-

spots. Four of the analysed twenty-six samples showed nucleotide exchanges in the 

screened canine exons. None of the found exchanges affected the ras hotspot 

codons 12, 13 and 61. One fibrosarcoma sample (Berger de Brie) showed three 

changes affecting KRAS2 exon 1 codon 23 (CTA→TTA, no amino acid exchange), 

exon 2 codon 53 (TTG→TAG, Leu→stop codon), and NRAS exon 1 codon 10 

(GGA→GAA, Gly→Glu). Two other fibrosarcomas (Kuvasz and Poodle) each 

showed one nucleotide exchange in KRAS2 exon 2 affecting codon 48 (GGA→GAA, 

Gly→Glu) and codon 70 (CAG→CTG, Gln→Leu), respectively. NRAS exon 1 codon 

22 (CAG→CTG, Gln→Leu) was affected in a melanoma sample (crossbreed). The 

screening of NRAS exon 2 revealed no nucleotide exchanges among the canine 

sequences. The described nucleotide differences between the canine and feline 

sequences in NRAS exon 2 and KRAS2 exon 2 were detected. 
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3.3 Gene Mapping Studies (Chronological Order) 

(Publications see Table I) 

Direct canine gene mapping data is very rare due to the complicated canine 

karyotype and the controversially discussed nomenclature. Since Reimann et al. 

(1996) established a complete nomenclature which allowed to identify and distinguish 

all canine chromosomes direct gene mapping by FISH has been carried out by a very 

few different groups who are capable to identify the canine chromosomes correctly. A 

total of 10 canine genes (Table I) could be localized during this thesis.  

 

Table I 

Gene Localisation
on CFA 

Publication (in chronological order) 

3.3.1 ERBB-2 
1q13.1 XVI: Murua Escobar et al.,2001,  

Cytogenetics Cell Genetics, 94(3-4) 

3.3.2 HMGA1 
23 XV: Becker et al., 2003, 

Animal Genetics, 34(1) 

3.3.3 HMGB1 
25 XIII: Murua Escobar et al., 2003, 

Cytogenetics and Genome Research, 101(1) 

3.3.4 LHCGR 
10 XI: Santos et al., 2004, 

Animal Genetics, 35(1) 

3.3.5 ZNF331 
1 VII: Meiboom et al., 2004, 

Animal Genetics, 35(3) 

3.3.6 KRAS2 
22 VI: Winkler et al., 2004, 

Animal Genetics, 35(4) 

3.3.7 NRAS 
17 V: Richter et al., 2004, 

Animal Genetics, 35(4) 

3.3.8 AKT3 
7 IV: Murua Escobar et al., 2004, 

Animal Genetics, 35(4) 

3.3.9 FASTK 
16 III: Meyer et al., (submitted), 

Animal Genetics 

3.3.10 CCND1 
17 II: Meyer et al., 2004, 

Animal Genetics, 35(5) 
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3.4 Further Publications 

3.4.1 The HOPE-Technique  

IX. Goldmann et al., Pathology-Research and Practice, 200: 2004 

 

With increasing application possibilities for conventional histological and molecular 

diagnostics the demand for a “multi-application-conservation-method” is increasing. 

For formalin-fixed, paraffin embedded (FFPE) tissues, the latter application 

possibilities are very limited. The HOPE-(Hepes-glutamic acid buffer mediated 

Organic solvent Protection Effect) technique comprises a new protection-solution 

allowing all pathologic routine investigations.  

It was analysed whether RNA isolated from HOPE fixed tissue was suitable for 

Norther Blot and micoarray application.  

Qualitative integrity test by capillary electrophoresis and spectrometer revealed that 

the two RNA samples used for array hybridization showed two prominent peaks 

within the elution profile, corresponding to 28S and 18S rRNA. The ratio of 28S to 

18S rRNA peak areas was >1.5, confirming the integrity of the RNA. The sizes of the 

amplified RNAs ranged from 0.2 to 3.0 kb, with an average length of 1.0 kb. 

Cy3 and Cy5 fluorescently labeled cDNAs were combined and simultanousely 

hybridized to a predefined microarray, comprising 642 oncologically relevant genes, 

to determine whether or not this RNA is suitable for array experiments. It turned out 

that RNA prepared from HOPE-fixed tissue can be successfully used for microarray 

hybridization. We found that 46 of 642 genes were >2-fold upregulated, and that 45 

of 642 genes were >2-fold downregulated when hybridization results of grade 3 

versus grade 2 samples were compared with each other. 

Northern Blot analyses using total RNA isolated from seven HOPE-fixed breast 

cancer samples showed a GAPDH-specific transcript of 1.3 kb and two splicing 

variants of 1.4 and 2.4 kb of the high mobility group protein gene B1 (HMGB1).  
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3.4.2 Human ZNF331 Expression in Follicular Thyroid Adenomas. 

XII Meiboom et al., Cytogenetics and Genome Resesearch, 101(2): 2003 

 

Sequencing of 5‘RACE products revealed seven new splicing variants of ZNF331. In 

each investigated clone the exons 5, 4, and 3 representing the zinc finger region, the 

KRAB domain and the part of 5‘ UTR including the ATG start codon were identical. 

Differences in cDNA sequence were upstream of exon 2 except for two clones 

(ZNF331b and ZNF331f), which had an additional 30 bp insertion between exon 2 

and 3. Clone ZNF331c revealed an extended exon 2, clones ZNF331d, e, f, and g 

contained a 67 bp exon upstream of exon 2, which differs in only 4 bp from exon 2. 

Clones ZNF331d, e, f, and g containing the duplicated exon 2 revealed sequence 

homology with ESTs from the NCBI database. All sequences correspond to the 

known genomic sequence.  

Alignment of cDNA sequences with genomic DNA allowed the prediction of three 

transcription start sites for the ZNF331 splicing variants. The transcription start sites 

for ZNF331 and ZNF331a, b, and c are supposed to be upstream of exon 1 indicating 

that these splicing variants span about 23 kbp on the genomic level. Further 

transcription start sites are most likely about 16 kbp (ZNF331d, e) and 32 kbp 

(ZNF331f, g) upstream of the transcription start point for ZNF331 and ZNF331a, b, 

and c. Taking this into account, at the genomic level ZNF331 spans approximately 

56 kbp.  

Northern Blot hybridisation with different specific ZNF331 probes on poly(A)+ RNA of 

several normal tissues (human MTN IV membrane, Clontech), and thyroid carcinoma cell 

lines TPC1, NIM1, FRO, and ARO, and human fibroblasts revealed various transcripts 

ranging from 2.1 - 6.2 kbp. Unique expression of a 3.4 kbp transcript was seen in cell lines of 

thyroid tumours with structural alterations in chromosome 19q13.4. 
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3.4.3 Identification of a Gene Rearranged by 2p21 Aberrations in Thyroid 

Adenomas. 

XIV: Rippe et al., Oncogene, 22(38): 2004 

 

In two human thyroid adenoma cell lines with aberrations in 2p21, a gene spanning 

the chromosomal breakpoint was identified and named THADA. THADA cDNA 

contains 38 exons with at least one alternative splice variant coding for a deduced 

1663 aa protein with a predicted molecular weight of 187 kDa. Multiple Northern Blot 

analysis detected a 6.2 kbp transcript in all investigated tissues. RACE–PCR 

experiments done in the cell lines S325/TSV40 and S533/TSV40 resulted in 

detection of THADA transcripts diverging from THADA after exon 28. Database 

search revealed that the sequences fused to THADA in S325/TSV40 map to the 

chromosomal band 3p25 and in S533/TSV40 to chromosomal band 7p15. In order to 

confirm the fusions in both cell lines, RT–PCR analyses were performed. 

Amplification products corresponding to those found by RACE–PCR were obtained 

for both cell lines, thus confirming the THADA-FUS3p and THADA-FUS7p fusions. In 

both cell lines, THADA stops after exon 28 followed by the fused sequences from 

either of the translocation partners. 
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4 Discussion 

 

As witnessed by a number of recent articles (Kuska, 1999; Kingman et al., 2000; 

Ostrander et al., 2000; Vail and MacEwen, 2000) a growing number of scientists 

predict that human genetics will be “going to the dog” in this century (Kuska, 1999). 

Due to the emerging advantages of numerous canine diseases as a genetic model 

for human orthologues, the dog could join the mouse as the species of choice to 

unravel genetic mechanisms e.g. of cancer predisposition, development, and 

progression. As reviewed by Patterson (2000b) and Switonski et al. (2004) for 30 

canine inherited diseases, most of them showing human counterparts, the molecular 

gene characterisation allowed to identify the mutations causing the disorders. For 

these 30 genes at least 60% showed similar molecular background to their human 

counterpart causing the disease and similar clinical symptoms (Switonski et al., 

2004).  

The aim of this thesis was to characterise the canine counterparts of the human 

HMGA and HMGB protein family genes and characterisation of further potential 

tumour relevant canine genes also including analyses of their mutations. Knowledge 

of the gene structures would be the precondition to evaluate the canine gene 

products as potential targets for therapeutic approaches using the dog as model 

system for human disorders and for development of new therapies for both species. 

 

The human HMG genes are reported to be involved in a wide range of various 

cancers being re-expressed, over-expressed or even acting as extracellular ligands 

(Reeves and Beckebauer, 2001, Muller et al., 2001).  

The characterisation of the canine HMGA1 cDNAs revealed that the cDNAs coding 

for the two canine splicing variants HMGA1a and HMGA1b are similar to the human 

transcripts (GenBank acc. nos. AY366390 and AY366392). The splicing variants 

showed the “typical” 33 bp gap difference which is conserved across various species 

such as human, mouse, hamster, and rat (GenBank acc. nos. BC013455, 

NM_016660, A7193763, NM_139327, A7511040). The identity of the canine cDNAs 

to their human counterparts is 80.6% for both splicing variants. The 5’-UTR, CDS, 

and the 3’-UTR showed homologies of 95.6%, 95.1%, and 74.7%, respectively. 
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Homologies of the canine CDS with the CDS from mouse, hamster and rat on 

nucleotide level vary from 90.4% to 93.1%.  

The canine HMGA1a and HMGA1b protein sequences were deduced from the 

respective cDNA sequences. Homology comparison to the human counterparts 

(GenBank acc. nos. P17096, X14957) showed 100% homology within the three “AT-

hooks” and the acidic carboxy-terminal domain. 

Comparison of the canine and human HMGA1a and HMGA1b proteins with the 

described mouse, rat and hamster molecules showed aa changes in positions 5, 34, 

69, 75, and 78 of HMGA1a and positions 5, 34, 58, 64, and 67 of HMGA1b, 

respectively (Johnson et al., 1988; Johnson et al., 1989; Friedmann et al., 1993; 

Aldrich et al., 1999; Sgarra et al., 2002; Strausberg et al., 2002; Sgarra et al., 2003). 

According to the definition of the AT-hooks (HMGA1a: I aa 21 – 31, II aa 53 – 63, III 

aa 78 – 89; HMGA1b: I aa 21 – 31, II aa 42 – 52, III aa 67 – 78) by Reeves and 

Nissen (1990) and Reeves (2000), none but the aa exchange at position 78 

(HMGA1a) or 67 (HMGA1b), respectively, do affect the AT-hooks in either species. 

The exchange at position 78 leads to a difference in the third AT-hook of mouse and 

hamster when compared to the other species. According to the definition of the AT-

hooks (HMGA1a: I aa 23 – 31, II aa 55 –70, III aa 81 – 89; HMGA1b: I aa 23– 31, II 

aa 44– 59, III aa 70 – 78) by Huth et al. (1997), this aa exchange does not affect the 

third AT-hook. Following this definition, the second AT-hook is affected by the aa 

exchange at position 69 (HMGA1a) or 58 (HMGA1b), respectively. 

Due to the identical structure of the canine HMGA proteins to the respective human 

molecules, therapeutic approaches applied in dogs could be a better suited model for 

the development of human therapies than approaches tested in other organisms.  

For twelve different canine breeds the splicing variants HMGA1a and HMGA1b were 

compared. The comparison of the characterised protein coding sequences for these 

twelve canine breeds revealed one amino acid change in a single breed (Teckel, 

HMGA1b transcript). The nucleotide substitution was missing in the corresponding 

HMGA1a transcript of the dog suggesting a heterozygous genotype. A possible PCR 

artefact seems rather unlikely since the nucleotide transition was verified as 

described in the corresponding publication (Murua Escobar et al., 2004a). Nucleotide 

exchanges causing no amino acid substitution were not taken into account for further 

analyses. 
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Expression of human HMGA1 is detectable at very low levels or is even absent in 

adult tissues whereas it is abundantly expressed in embryonic cells (Chiappetta et 

al., 1996). According to the expression patterns seen in humans the canine Northern 

Blot analyses in adult tissues revealed low expression in spleen, heart, lung, and 

muscle tissue. In humans the HMGA1 gene locus 6p21 is often affected by 

aberrations leading to an up-regulation of the HMGA1 protein in benign 

mesenchymal tumours, e.g. lipomas, uterine leiomyomas, pulmonary chondroid 

hamartomas, and endometrial polyps (Williams et al., 1997; Kazmierczak et al., 1998; 

Tallini et al., 2000). Transcriptional activation due to a chromosomal alteration of 

HMGA1 is probably an early and often even primary event of cancer development. In 

contrast, in dogs the gene locus of the canine HMGA1 gene does not map to a 

region frequently affected by chromosomal rearrangements (Becker et al., 2003). 

Therefore, in contrast to humans the activation of that gene as a result of 

chromosomal translocations does not seem to play a considerable role in canine 

tumours.  

HMGA1 expression in human malignant epithelial tumours seems to be associated 

with an aggressive behaviour of the tumours. Over-expression of HMGA1 was 

reported for a number of malignancies including thyroid, prostatic, pancreatic, uterine 

cervical, and colorectal cancer (Tamimi et al., 1993; Chiappetta et al., 1995; Fedele 

et al., 1996; Bandiera et al., 1998; Chiappetta et al., 1998; Abe et al., 1999; Abe et 

al., 2000; Czyz et al., 2004; Takaha et al., 2004). The correlation between HMGA 

expression and tumour aggressiveness in some of these malignancies has led to the 

conclusion that HMGA expression may present a powerful diagnostic and prognostic 

molecular marker.  

The causal role of HMGA1 expression in the progression of carcinomas has been 

elucidated by a set of in vitro experiments involving HMGA1 sense and antisense 

transfection assays (Wood et al., 2000a; Wood et al., 2000b; Reeves et al., 2001). A 

proof of concept for a therapy aimed at the down-regulation of HMGA protein in 

tumours has been presented by Scala et al. (2000) who were able to show that an 

HMGA1 antisense strategy using an adenoviral vector treatment of tumour cell 

xenograft athymic mice caused a drastic reduction in tumour size. 

So far no studies analysing the HMGA1 expression patterns in canine tumours have 

been carried out. Since these tumours occur spontaneously in dogs as well as in 

humans a canine in vivo model system could have significant value for research and 
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drug development. Due to the similarities of human and canine tumours the transfer 

of such experimental approaches could benefit cancer research in either species. 

 

The homology of the complete canine HMGB1 cDNA to its human counterpart 

(GenBank acc. no. AY135519) is 90.8% whereas the ORF is 95.4%, 5’ UTR 95.6%, 

and the 3’ UTR 88.6% respectively. Comparison of the deduced canine protein to the 

human molecule showed 100% homology. Differences between the canine HMGB1 

and the mouse and rat protein are two aa changes in the acidic carboxy-terminal 

domain at positions 189 and 202 (Paonessa et al., 1987; Ferrari et al., 1994). The 

bovine molecule (GenBank acc. no. P10103) shows one aa change at position 207 

compared to its human and canine counterparts.  

Northern Blot analysis showed HMGB1 expression in canine heart, lung, muscle, 

kidney, and spleen tissue. Except for the kidney tissue that showed no detectable 

signal, all samples revealed two transcripts similar to the signals of about 1.4 and 2.4 

kb obtained in human fibroblasts. Human HMGB1 transcripts of this size had been 

detected in multiple normal tissues (Rogalla et al., 1999) and several breast cancer 

samples (Flohr et al., 2001). Interestingly, HMGB1 gene expression can be induced 

by oestrogens in breast cancer MCF-7 cells probably due to an upregulation of the 

gene that thus can be considered oestrogen-responsive (Chau et al., 1998). 

Additionally, it has been shown that HMGB1 is able to bind to cisplatin-DNA-adducts 

(Pil and Lippard, 1992) and sensitises cancer cells to cisplatin by shielding its major 

DNA adducts from nucleotide excision repair (He et al., 2000). He et al. (2000) have 

shown that in oestrogen receptor positive human breast cancer cells oestrogen can 

significantly increase the effect of cisplatin by causing an overexpression of HMGB1. 

This finding has led to the conclusion that oestrogen treatment prior to cisplatin 

therapy may sensitise the cancer cells against that drug. Accordingly, a clinical trial 

for the treatment of gynaecological tumours with cisplatin has already been approved 

by the Food and Drug Administration (He et al., 2000). The quantitation of the 

intratumoural HMGB1 expression level may be of high impact for a 

cisplatin/carboplatin therapy for two reasons. Firstly, it may predict the clinical 

outcome of the therapy; secondly, it may influence the therapy protocol as, for 

example, tumours showing a high HMGB1 expression level may be treated with a 

lower amount of this antitumour drug. Our studies in dogs detected strong 

intertumoural variation of HMGB1 expression by Northern Blot analysis and by semi-
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quantitative RT-PCR in seven canine sarcomas (Meyer et al., 2004). Taking into 

account the previously described facts the quantitation of the HMGB1 expression 

level in canine sarcomas could become of great value for future design of therapy 

protocols as up to date no features have been identified allowing clinicians to predict 

the response to cisplatin or carboplatin therapies in dogs with e.g. osteosarcomas at 

the time of diagnosis or during treatment (Hahn et al., 1996). 

At the genomic level the canine HMGB1 gene exon/intron structure is similar to the 

human ortholog consisting of five exons and four introns. While the homologies of the 

exons, lying between 89.4% and 98.7%, are extremely high the homologies of the 

amplified introns 2 – 4 vary between 20.3% – 59.0%. Approaches to amplify the 

canine intron 1 resulted in unspecific PCR products which were probably due to the 

putative existence of various CpG islands found in human intron 1 (Borrmann et al., 

2001). 

HMGB1 can also be secreted by certain cells, e.g. macrophages (Wang et al. 1999) 

and as an extracellular protein HMGB1 is a ligand for the receptor for advanced 

glycation end products (RAGE) (Hori et al., 1995; Parkkinen and Rauvala, 1991; 

Parkkinen et al., 1993) thus activating key cell signaling pathways, such as p38MAPK, 

JNK, and p42/p44MAPK. It plays an important role in inflammation and tumour 

metastasis regulating growth, invasiveness and motility of tumour cells (Taguchi et 

al., 2000; Liotta and Clair 2000). Taking into account the previously described 

importance of the HMGB1-RAGE complex the characterisation of both canine genes 

HMGB1 and RAGE could serve as basis for studies in dogs aimed at the blocking of 

the complex leading to a “signal-transduction therapy”. 

 

In human follicular adenomas of the thyroid, structural aberrations of chromosomal 

band 19q13.4 characterise a large cytogenetic subgroup. Recently, the KRAB zinc 

finger gene ZNF331 which is located closely to the breakpoint has been identified as 

a candidate gene for tumorigenesis of thyroid adenomas (Rippe et al., 1999; 

Meiboom et al., 2003). As HSA 19q is reported to show homologies to CFA1 (Yang et 

al., 1999, 2000), which is often affected by aberrations in canine neoplasias 

(Reimann et al., 1998, 1999), the characterisation of the canine ZNF331 could reveal 

if the gene maps to a region frequently affected by chromosomal rearrangements. 

The human ZNF331 (GenBank acc. no. NM018555) is composed of eight exons 

encoding a KRAB zinc finger protein with only one KRAB-A box. The composed 
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canine ZNF331 cDNA (GenBank acc. no. AY375188) consists of 2148 bp showing 

homologies of 85.3% in the ORF, 39.8% in the 5' UTR, and 35.6% 3' UTR, respective 

to the human molecule. The deduced canine ZNF331 protein is a 490 aa protein with 

a 42 aa KRAB-A box, an 88 aa spacer region, and a 357 aa zinc finger region. The 

human counterpart is a 463 aa protein with a 42 aa KRAB-A box, an 87 aa spacer 

region and a 331 aa zinc finger region (Rippe et al., 1999; Wu et al., 2001). On amino 

acid sequence level the canine ZNF331 revealed a 92.9% homology for the KRAB-A 

boxes, 96% for the zinc finger domains, and 59.6% in the spacer region. In the 

canine ZNF331 cDNA a 3 bp insertion is found at bp 582-584 leading to an additional 

arginine in the spacer amino acid sequence. The canine zinc finger domain is 

extended by 26 amino acids compared to its human counterpart. Recently, seven 

new human splicing variants were characterised and Northern Blot experiments 

detected transcripts varying from 2.1 kb to 6.2 kb (Meiboom et al., 2003). Up to date, 

no screenings for additional canine splicing variants were performed probably due to 

the fact that thyroid cancer is not very frequent in dogs representing 1.2% - 4.0% of 

all cancers seen in dogs. On the other hand, 65% - 80% of the canine thyroid 

neoplasias show malignant behaviour (Withrow and MacEwen, 2001) so the 

identification of the involved genes could reveal molecular mechanisms inducing 

malignant behaviour of canine neoplasias.  

The known localisation of the human ZNF331 and the chromosomal assignment of 

the canine ZNF331 to CFA 1q33 showed that the genes of both species map to 

regions affected by chromosomal rearrangements.  

The identification of a new candidate gene spanning the chromosomal breakpoint of 

HSA 2p21 in human thyroid adenomas was done by Rippe et al. (2003). This gene 

called THADA consists of 38 exons coding for a 1663 aa protein. Two fusion 

products were detected in adenoma cell lines showing fused ectopic sequences 

downstream of THADA’s exon 28. As the breakpoint is the second most frequent 

structural chromosomal rearrangement seen in benign adenomas of the thyroid 

(Belge et al., 1998; Bol et al., 1999) the identification of the THADA gene opens new 

perspectives in human thyroid cancer research. Up to date no reports are published 

finding THADA fusions in naturally occurring malignancies. Due to the fact that 

canine benign thyroid neoplasias are rare, a screening of the malignant canine 

thyroid cancers for canine THADA fusion transcripts could be of value to reveal if 

these transcripts take part in the process of transformation from adenomas to 
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carcinomas. A basic characterisation of the canine THADA gene would be 

precondition for such approaches. 

 

Breast cancer in dogs and humans is one of the most frequent malignancies seen in 

female individuals. In both species the neoplasias are clearly age and hormone 

dependent (Nolte and Nolte, 2001; Withrow and MacEwen, 2001). One of the genes 

which is reported to be over-expressed, partially due to gene amplification, in various 

human cancers including breast cancer is the Cyclin D1 (CCND1) gene, also known 

as PRAD1 or BCL-1. Due to the similarities of canine and human breast cancer the 

characterisation of the canine CCND1 gene could be of great value for new 

therapeutic approaches. 

The cloning of the canine CCND1 gene allowed the composition of a 1246 bp cDNA 

contig (GenBank acc. no. AY620434), showing 90.4% sequence identity in the 

canine ORF, 68.5% in the 3’ UTR, and in the 74.7% 5’ UTR, respectively, compared 

to the human counterpart (GenBank acc. no. NM_053056). The identities of the 

canine ORF to the ORFs of mouse, rat and chicken (GenBank acc. nos. NM_007631, 

NM_171992, NM_205381) are 82.4%, 81.3% and 73.8%, respectively. Similar to the 

human, mouse, and rat orthologue (GenBank acc. nos. NP_444284, NP_031657, 

NP_741989) the deduced canine protein comprises 295 aa with 93.3%, 89.9% and 

88.9% homology to the other species, respectively. The chicken CCND1 protein 

(GenBank acc. no. NP_990712) shows 292 aa with an identity of 86.8% to its canine 

counterpart. The screened BAC clone containing the canine CCND1 gene and its 

mapping to CFA 17 (Meyer et al., 2004a) could be of great value for future studies 

aiming at the detection of CCND1 gene amplifications in canine neoplasias.  

 

The described identities of the characterised canine genes to their human 

counterparts revealed clearly that the sequence conservation is much higher in the 

protein coding sequences (85% – 95%) than in the UTRs (35% - 95%). These results 

are in accordance with the results presented by Murua Escobar et al. (2002) for 

10.000 canine EST clones showing a much higher conservation of the protein coding 

sequences. The partially characterized LHCGR gene (Exon 11) by Santos et al. 

(2004) showed the same high identity. The canine exon 11 fragment shared 89%, 

89%, 92% and 88% identity to the human, bovine, porcine and murine LHCGR 

sequences respectively.  
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In this thesis, 13 canine fibrosarcomas, 2 feline fibrosarcomas and 11 canine 

melanomas were screened for point mutations, particularly within the mutational hot-

spot codons of the KRAS2 and NRAS genes, to analyse if these changes could be 

detected in these naturally occurring tumours.  

Point mutations affecting genes of the ras family are assumed to be among the most 

important alterations in human tumourigenesis (Hahn et al., 1994; Arber et al., 1999). 

All ras genes code for 21 kDa proteins which show on one side GTP-GDP-binding 

activity and on the other side GTPase activity. These proteins play an important role 

as signal transmitters which are activated by the binding of growth factors initiating 

cell division by changing the inactive GDP-binding form to an active conformation. 

This process is reversed by the GTPase activity. Mutations in ras genes are assumed 

to remove the time limit of the cell stimulating signals which results in uncontrolled 

cell division by affecting the autotermination process (Sigal et al., 1988, 1988a; 

Singer, 1992; Park, 1995; Watzinger et al., 1998). In malignancies, most amino acid 

exchanges in ras genes are caused by alterations of the so-called hot-spot codons 

12, 13, and 61 in exons 1 and 2, respectively, leading to constitutively active ras 

proteins that bring about constant signal transduction, facilitating uncontrolled cell 

division.  

Different studies show that 30% of human lung tumours, 30% of liver tumours, 40% 

of myelodysplastic syndrome, 30% of acute myelogenous leukaemia, 13% of brain 

tumours, 53% of follicular and 60% of undifferentiated papillary thyroid tumours, 90% 

of human pancreatic tumours, and 50% of tumours of the gastrointestinal tract show 

specific hot spot point mutations in genes of the ras gene family (Bos et al., 1989; 

Knap and Walters, 1997; Tang et al., 2002; Spandidos et al., 2002).  

Four of our analysed twentyfour canine and two feline melanoma and fibrosarcoma 

samples showed nucleotide exchanges in the screened KRAS2 and NRAS exons but 

none of the found exchanges affected the ras hot-spot codons 12, 13, and 61. In 

canine melanomas so far almost no hotspot NRAS mutations were described with 

one exception: Mayr et al. (2003b) found 2 of 16 melanomas to be affected by 

mutations in codon 61. In addition Mayr et al. (2003a) showed that NRAS mutations 

were found in canine lymphomas. In contrast to the low mutation frequency seen in 

dogs, melanoma NRAS hot-spot mutation screening in humans detected mutations in 

up to 33% (Demunter et al., 2001, 2001a; Silvertesson, 2002; Ortonne et al., 2002).  
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KRAS2 screening for hot-spot point mutations in dogs has been described in different 

types of lung tumours, pancreatic cancer and breast cancer like e.g. non small lung 

cell cancer (Kraegel et al., 1992; Castangnaro, 1995; Tierney et al., 1996; Griffey et 

al., 1998; Watzinger et al., 2001; Mayr et al., 2003) showing that the canine gene is 

also affected by the typical ras mutations observed in humans but in much lower 

ratio. Just one report of a ras mutation screening including three canine fibrosarcoma 

samples has been published (Watzinger et al., 2001) and also studies about KRAS2 

mutations in canine melanomas are completely missing. 

Our data and the few published data (Kraegel et al., 1992; Castangnaro, 1995; 

Tierney et al., 1996; Griffey et al., 1998; Watzinger et al., 2001; Mayr et al., 2003, 

2003a, 2003b; Murua Escobar et al., in press) strongly suggest that KRAS2 and 

NRAS mutations at the hotspot loci are very rare and do not play a major role in the 

pathogenesis of the investigated spontaneously occurring canine melanomas and 

fibrosarcomas. In contrast to this, KRAS2 mutations in humans have been described 

in up to 90% of human pancreatic cancers (Almoguera et al., 1988; Smit et al., 1988; 

Motojima et al., 1993; Kubrusly et al., 2002; Tada et al., 2002; Yoshizawa et al., 

2002), in 17% - 43% of lung tumours (Capon et al., 1983; Ahrendt et al., 2001; 

Keohavong et al., 2001; Kovalchuk et al., 2001; Liu et al., 2002), in up to 25% of 

melanomas (Wagner et al., 1995), and in tumours of the gastrointestinal tract as well 

as in tumours of the skin (Almoguera et al., 1988; Shukal et al., 1989; Belly et al., 

2001). 

Ras genes show high sequence similarity among different mammalian species such 

as human, cat, dog, cattle, and rodents, with most nucleotide differences 

representing synonymous changes not affecting the amino acid sequence (Watzinger 

et al., 1998). We could detect the described point mutations between the canine and 

feline analysed samples. This detection served also as internal control for specifity of 

the used DNA amplification method.  

 

The total number of physically mapped canine genes by FISH is up to date (2004) 

rather small, with fewer than 80 mapped genes (Switonski et al., 2004). Following 

this, the ten screened and mapped genes in this thesis represent a useful 

contribution to the canine gene localisation studies. In contrast to localised BAC 

clones containing known characterised genes the total number of randomly picked 

localized BAC clones by FISH to canine chromosomes is much higher. In September 

36 



Discussion 
 

2004, Breen et al. mapped 804 BACs which were characterized by BAC end 

sequencing with an average of 700bp (Breen et al., 2004). The combination of this 

mapping data combined with the existing RH mapping data and future BAC 

characterisations could be of great value for future studies of the canine genome.   

 

Finally, for molecular studies in all species a critical point is the quality of the provided 

tissues and the method of tissue fixation. Commonly used formalin-fixed, paraffin 

embedded (FFPE) tissue material for pathologic and molecular pathologic 

applications is often not suited for downstream applications, such as high molecular 

DNA and RNA isolation. The HOPE-(Hepes-glutamic acid buffer mediated Organic 

solvent Protection Effect) technique comprises a new protection-solution allowing 

pathologic routine investigations, i.e., tissue fixation, subsequent paraffin-embedding, 

and sectioning (Olert et al., 2001) Part of the work of this thesis was participation in 

investigations to evaluate if RNA from HOPE-fixed tissue samples is suitable for 

Northern Blot and microarray analyses. The results obtained clearly showed that 

RNA from HOPE-fixed tissues is suitable for Northern Blot and microarray analyses 

(Goldmann et al., 2004) offering a useful alternative to the established standard 

fixation methods. 

 

Summarising, the characterisation of the canine genome and especially of the cancer 

and disease related genes will be of great value for the development of new 

therapeutic approaches for both species dogs and humans. The similarities found in 

the candidate genes and proteins additional to the described similarities of the 

biological behaviour seen in different cancers and diseases of both species offer the 

opportunity of establishing a new model system with various advantages compared 

to other model organisms e.g. in view of analysing disease related molecular 

mechanisms, drug development and evaluation, and transferability of the therapeutic 

approaches from the model system to humans.    

 

37 



Summary 
 

5 Summary 
 
The canine genome offers a wide field for genetic studies on various areas like e.g. 

phenotypic diversity, heredity and diseases including cancer. The diversity of the 

different canine breeds in terms of phenotype and behaviour is unique within 

mammals. Currently, the “Canine Genetic Disease Information System” contains the 

clinical, pathological and genetic features of more than 370 genetic disorders. This 

constitutes the largest set of naturally occurring genetic disorders in any non-human 

species. More than 50% of the recognised canine genetic diseases resemble the 

specific human genetic diseases and more than 46% of the identified genetic 

disorders occur predominantly in one or a few breeds. 

In terms of cancer the dog shows additional advantages. The cancers seen in pet 

dogs are spontaneously developing as opposed to cancers of laboratory rodents. 

This suggests that the mechanisms of development in canine tumours could be 

comparable to humans. It is generally believed that dogs develop cancer twice as 

frequently as humans, and that the presentation, histology and biology of several 

canine cancers is similar to humans. Most canine cancers progress more rapidly than 

their human counterparts permitting a better monitoring of the tumour state. The 

canine cancers are more akin to human cancers than rodent tumours in terms of 

patient size and cell kinetics allowing better comparison of medical examinations like 

e.g. ultrasonography. Additionally, dogs show similar characteristics of physiology 

and metabolism for most organ systems and drugs, which allows better comparability 

of modalities e.g. surgery, radiation and chemotherapy. 

However, precondition for using the dog as model system for human diseases 

including cancer is the knowledge of the canine genes involved. In this thesis, the 

canine HMGA1, HMGB1, ZNF331, and CCND1 genes were characterised on various 

levels including their cDNA structure, partial genomic DNA structure, and their 

expression patterns. Their corresponding proteins were predicted by in silico 

analyses and gene identity analyses were carried out comparing these characterised 

genes with their corresponding counterparts of various other species. Additionally, 

the gene loci of these genes and of six other genes were defined by FISH analyses.   

Further on, to analyse if known molecular mechanisms involved in human cancers 

are existent in dogs as well, thirteen canine fibrosarcomas, two feline fibrosarcomas, 

and eleven canine melanomas were screened for hot-spot mutations of the NRAS 
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and KRAS2 genes. No such mutations could be detected, suggesting that these 

mutations do not play a major role in the analysed neoplasias.  

Additionally, in a study involving the human ZNF331 gene new splicing variants could 

be detected and it was participated in a study identifying and characterising a new 

candidate gene (THADA) for human thyroid neoplasias. Finally, the evaluation of the 

new fixative HOPE for molecular methods was carried out.  
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Abstract. Point mutations within ras proto-oncogenes,
particularly within the mutational hot-spot codons 12, 13 and 61,
are frequently detected in human malignancies and in different
types of experimentally-induced tumours in animals. So far little
is known about ras mutations in naturally occurring canine
fibrosarcomas or K-ras mutations in canine melanomas. To
elucidate whether ras mutations exist in these naturally occurring
tumours in dogs, in the present study we screened 13 canine
fibrosarcomas, 2 feline fibrosarcomas and 11 canine melanomas
for point mutations, particularly within the mutational hot-spots,
making this the first study to investigate a large number of canine
fibrosarcomas. None of the samples showed a K- or N-ras hot
spot mutation. Thus, our data strongly suggest that ras mutations
at the hot-spot loci are very rare and do not play a major role in
the pathogenesis of the spontaneously occurring canine tumours
investigated.

Dogs and humans often share the same genetic pathways in
the development of cancer, as has been described in the
literature. Point mutations affecting genes of the ras- family
are assumed to be among the most important alterations in
human tumourigenesis (1). Ras proteins play an important role
as signal transmitters. The binding of growth factors activates
the ras protein and thus initiates cell division. Mutations in ras
genes are assumed to lead to enduring activation of pathways
that stimulate cell growth, which results in uncontrolled cell
division (2). Especially mutations in K-ras have been described
in human pancreatic cancers and tumours of the gastro-
intestinal tract, as well as in tumours of the skin (3-5). K-ras
screening for hot-spot point mutations in dogs has been
described in different types of lung cancer, pancreatic cancer

and breast cancer (6-12), showing that the canine gene is also
affected by the typical ras mutations observed in humans but at
a much lower ratio.

Guerrero et al. (13) were able to induce fibrosarcomas in
nude mice by subcutaneously injecting transfected fibroblasts
with K-ras point mutations affecting codon 12. So far little is
known about ras mutations in canine fibrosarcomas. Just one
report of a ras mutation screening including three canine
fibrosarcoma samples has been described (11). There is also a
lack of studies about K-ras mutations in canine melanomas are
missing. In canine melanomas virtually no hot-spot N-ras
mutations were described with one exception: Mayr et al. (14)
found 2 out of 16 melanomas to be affected by mutations in
codon 61. 

In the present study, we screened 13 canine fibrosarcomas,
2 feline fibrosarcomas and 11 canine melanomas for point
mutations, particularly within the mutational hot-spot codons
of the K-ras and N-ras genes, to analyze whether these changes
could be detected in these naturally occurring tumours. 

Materials and Methods

The tissues used in this study were provided by the Small Animal
Clinic, School of Veterinary Medicine, Hanover, Germany. Thirteen
canine fibrosarcoma, 2 feline fibrosarcoma and 11 canine melanoma
samples were taken and used for analyses. The breeds represented
were German Shorthaired Pointer, Irish Terrier, Fox Terrier,
Schnauzer, Kuvasz, Berger de Brie, German Shepherd, Standard
Poodle, Irish Red Setter, Rottweiler, Cairn Terrier, Beagle and canine
and feline crossbreed.

The DNA of the twenty-six canine and feline fibrosarcoma and
melanoma samples (10 - 25 mg each) was isolated using QIAamp
DNA Kit (QIAGEN, Hilden, Germany) following the manufacturer’s
tissue protocol. The two feline samples served as internal controls,
since they show specific point mutations compared to dogs (15). The
PCRs for the screening of the hot-spot exons were performed using
the following primer pairs. K-ras: primer pair KEx1up / KEx1lo (5’
cgatataaggcctgctgaaa 3’ / 5’ tgtaggatcatattcatcca 3’) and primer pair
KEx2up / KEx2lo (5’ caggattcctacaggaaaca 3’ / 5’ aacccacctataatggtgaa
3’). N-ras: primer pair NEx1up / NEx1lo (5’ gactgagtacaaactggtgg 3’ /
5’ gggcctcacctctatggtg 3’) and primer pair NEx2up / NEx2lo (5’
tcttaccgaaaacaggtggttatag 3’ / 5’ gtcctcatgtattggtctctcatggcac3’). The
PCR products were directly sequenced in the forward and reverse
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direction and additionally cloned in pGEM-T Easy Vector System
(Promega, Madison, USA) and sequenced once more. The DNA
sequences and the homology alignments were created with various
sequences from the NCBI database (accession numbers CFU62093,
X02751, U62094, S42999, M54968, S64261). In case of single
nucleotide exchanges being present, the procedures were repeated for
verification.

Results

Four of the twenty-six analysed samples showed nucleotide
exchanges in the screened canine exons. None of the exchanges
found affected the ras hot-spot codons 12, 13 and 61. One
fibrosarcoma sample (Berger de Brie) showed three changes
affecting K-ras exon 1 codon 23 (CTA→TTA, no amino acid
exchange), exon 2 codon 53 (TTG→TAG, Leu→stop codon)
and N-ras exon 1 codon 10 (GGA→GAA, Gly→Glu). Two
other fibrosarcomas (Kuvasz and Poodle) each showed one
nucleotide exchange in K-ras exon 2 affecting codon 48
(GGA→GAA, Gly→Glu) and codon 70 (CAG→CTG,
Gln→Leu), respectively. N-ras exon 1 codon 22 (CAG→CTG,
Gln→Leu) was affected in a melanoma sample (crossbreed)
(Table I). The screening of N-ras exon 2 revealed no
nucleotide exchanges among the canine sequences. The
described nucleotide differences between the canine and feline
sequences (15) in N-ras exon 2 and K-ras exon 2 were detected.

Discussion

Our data strongly suggest that K- and N-ras mutations at the
hot-spot loci are very rare and do not play a major role in the
pathogenesis of the spontaneously occurring canine tumours
investigated. These results are in accordance with the  sparse
data available for canine melanomas (twenty-four samples) and
fibrosarcomas (three samples) (11, 14). In both studies a total of
three mutations at the hot-spot codons could be detected.
Compared to the data obtained from different studies in
humans that show up to 30% of lung tumours, 90% of
pancreatic tumours and 50% of tumours of the gastrointestinal
tract to be affected by specific point mutations in the ras gene
hot-spot codons (16, 17), the data seen in dogs apparently
indicate that ras mutations do not play a major role in the
pathogenesis of these spontaneously occurring canine tumours. 
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Table I. Detected gene base substitutions in N-ras exon 1 und K-ras exons
1 and 2.

Gene /Exon SampleCodon Substitution Amino Acid Exchange

K-ras Exon 1 3 23 CTA→TTA No AA exchange (Leu)
K-ras Exon 2 3 53 TTG→TAG Leu→Stop

13 70 CAG→CTG Gln→Leu
14 48 GGA→GAA Gly→Glu

N-ras Exon 1 3 10 GGA→GAA Gly→Glu
24 22 CAG→CTG Gln→Leu
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Introduction: Cyclin D1, also known as PRAD1 or BCL-1, acts

as regulator of progression through the G1 phase during the

cell cycle by activation of cyclin-dependent kinases CDK4 and

CDK6. In humans overexpression of cyclin D1, partially due to

gene amplification, has been found in a wide variety of cancers,

including breast cancer.1

Sequence analysis: For characterization of the canine CCND1

gene and the corresponding protein, cDNA from a canine os-

teosarcoma was screened with primers specific for the ORF of

human cyclin D1 (GenBank accession no. NM_053056; primer

pair CYCup: CGA TGC CAA CCT CCT CAA CGA, CYClo: TGT

GGC ACA AGA GGC AAC GAA). After cloning and sequencing

of the amplification product two additional primer sets were

used to amplify the complete ORF (primer pairs Cyc1up: CAC

ACG GAC TAC AGG GGA GT, Cyc333doglo: GCA CAC ACT

TGA AGT AGG ACA C and Cyc695dogup: ACA CTT CCT CTC

CAA GAT GCC, AP2: AAG GAT CCG TCG ACA TCT TTT TTT

TTT TTT TTT T). Sequence analyses allowed the composition of

a 1246 bp cDNA contig (GenBank accession no. AY620434),

showing 90.4% sequence identity of the canine ORF compared

with the human counterpart. In accordance with the human

orthologue the deduced canine protein comprises 295 AA with

93.3% similarity between the two species.

BAC library screening: For use as FISH probe, a BAC clone was

PCR-screened from the DogBAC library (http://www.dogmap.ch)

with primers designed using human CCND1 DNA sequence

GenBank accession no. L09054 (primer pair CYCup: CGA TGC

CAA CCT CCT CAA CGA, CYCint1lo: GAA ACG TGG GTC TGG

GCA ACA). The obtained positive BAC clone (DogBAC library

ID S041P23D08) was verified by PCR, cloning and subsequent

sequencing.

Gene mapping: For mapping of the chromosomal location of the

canine CCND1 gene, metaphase preparations and fluorescence

in situ hybridization (FISH) were performed as described previ-

ously.2 G-banded chromosomes were identified according to

Reimann et al.3 Ten well-spread metaphases were analysed

exhibiting a signal on CFA17 on both chromatids of both

chromosomes (Fig. 1).

Comments: During the last decade the dog has gained in

importance as a model organism for the investigation of

mechanisms underlying human genetic disease, including

cancer. Immunohistochemical analyses of cyclin D1 expression

in canine mammary tumours using a polyclonal antibody

against human cyclin D1 revealed contradictory data. Mura-

kami et al.4 found cyclin D1 expression in only two adenocar-

cinomas of 75 mammary lesions tested whereas Sfacteria et al.5

detected cyclin D1 in 60% of pre-cancerous lesions and 44% of

cancerous lesions of the canine mammary gland with correla-

tion of proliferative ratio and cyclin D1 expression. Mapping

and sequencing of the canine CCND1 gene and corresponding

protein could help to elucidate the role of cyclin D1 in dogs and

its usefulness as model organism concerning this matter. Yang

et al.6 found no conservation of synteny between HSA11,

where the human CCND1 maps, and CFA17. This discordance

could be due to small rearrangements, deletions and insertions

existing in the dog.7
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Figure 1 Canine metaphase spread after GTG-

banding (a) and the same metaphase after

FISH with BAC S041P23D08 showing signals

on both chromosomes 17 (b).
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Introduction: FAS-activated serine/threonine kinase (FASTK) is activated by TNF-α, 

UV irradiation, heat shock and ceramide but not by mitogenic stimuli transmitted via 

the T-cell receptor complex. This observation indicates that FASTK is a stress-

activated serine/threonine kinase involved in signalling apoptosis. FASTK is 

constitutively phosphorylated on serine and threonine residues and is activated by 

dephosphorylation. It is rapidly dephosphorylated and concomitantly activated to 

phosphorylate TIA-1 in response to FAS ligation. Activation of FASTK and 

phosphorylation of TIA-1 precede the onset of DNA fragmentation, suggesting that 

phosphorylated TIA-1 might signal downstream events in the apoptotic program.1

FASTK-mediated phosphorylation of TIA-1 plays a key role in apoptosis and 

regulates the translation of mRNAs encoding proteins essential for survival and/or 

proliferation. 

The assignment of the canine FASTK gene was still unknown. In this study, we 

mapped the FASTK gene to canine chromosome (CFA) 16q14 by FISH. 

 

BAC clone and probe: In order to generate a FASTK DNA probe, PCR amplification 

of genomic DNA from a two year old Golden Retriever was performed using primers 

that spanned part of exon 3 (primer up: GGT CAC CCT GAG CCC CAT GT and dn: 

GGT ACC CTC CCC GGT CCT GT).  

PCR conditions: Total volume 50 µl including 34,5 µl Aqua Bidest, 5µl 10 x Buffer, 3 

µl MgCl2, 2 µl dNTP´s, 2 µl of each Primer, approximat 50 ng genomic DNA and 0,5 

µl Taq-Polymerase. Thermocycler conditions: 10 min at 94°C, 35 cycles of 1 min 

94°C, 1 min at 75°C, 2 min at 72°C and a final extension of 10 min at 72°C. The 

resulting amplicon of 420 bp was verified by sequencing. PCR conditions used to 

screen a canine BAC library2 (URL: http://www.dogmap.ch) for FASTK positive 

 

http://www.dogmap.ch/


 

clones. To rule out false-positive BAC screening results, a PCR using the initial 

primer pair used for the screening probe was performed, cloned and sequenced for 

verification of BAC 24 D 10-1. 

 

Fluorescence in situ hybridization: Metaphase preparations and fluorescence in situ 

hybridization (FISH) were performed as described previously3. Ten metaphases were 

examined and all demonstrated hybridization of the FASTK probe on both chromatids 

of CFA 16q14s. 

 

Comments: It has been reported that the canine chromosome 16 at least shares 

homology with the human chromosomes (HSA) 4, 7 and 8. While the homologies 

with HSA 4, 7 are located at the long (q) arm of the chromosome the homologies with 

HSA 8 are shown to be distributed at the short (p) arm4. The human FASTK gene is 

located at HSA7q36.1. According to Yang et al.4 exactly this region shares homology 

with CFA 16. We mapped the canine FASTK gene to CFA 16q14 following the 

nomenclature of Reimann et al5. 
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and 82% similarity to the above mentioned species, respect-

ively.

Chromosomal location: Chromosomal localization was deter-

mined using a porcine-rodent somatic cell hybrid panel.4

Primers CCS-RHAF and CCS-RHAR were designed to amplify an

approximately 400 bp genomic fragment spanning part of

exon 6, exon 7 and part of exon 8 of the porcine CCS. Sta-

tistical evaluation using the �Interpreting PCR data� program

(http://www.toulouse.inra.fr/lgc/pig/pcr/pcr.htm) suggested a

chromosome probability and correlation of 1.00 to the short

arm of chromosome 2. The most likely localization for porcine

CCS was 2p14-p17 with a probability of 0.7929 and a corre-

lation of 0.8748. CCS is localized to human 11q13 and in

mouse to the centromeric end of chromosome 19.5,6 Human

chromosome 11q13 shows conservation of synteny with the

centromere of mouse chromosome 19 and porcine 2p14-17.

The localization of markers flanking CCS is also conserved in pig

and human, which supports the CCS mapping data and con-

firms that the gene described here is the pig orthologue of

human CCS.

PCR conditions: For somatic cell hybridization – PCR was per-

formed in 10 ll of reaction containing 10 ng DNA, 1X PCR

buffer, 2.5 mM of each dNTP, 5 pmol of each primer, 3 ll 2%

cresol red loading buffer and 0.5 U of Taq polymerase (Bioline,

London, UK) under the following conditions: 95 �C for 5 min;

40 cycles of 95 �C for 30 s, 60 �C for 20 s and 72 �C for 20 s;

72 �C for 5 min.

For cloning and sequencing – PCR was performed using 3 ll

cDNA (corresponding to 50 ng RNA) in a 15 ll reaction mix-

ture containing 1X PCR buffer, 2.5 mM of each dNTP, 12 pmol

of each primer and 0.1 U of Taq DNA polymerase (Amersham

Biosciences, Hillerod, Denmark) in a thermal cycler (MJ

Research, Waltham, MA, USA). The cycling conditions were

94 �C for 5 min; 40 cycles of 94 �C for 20 s, annealing tem-

perature (indicated after primer sequences) for 20 s, 72 �C for

20 s; 72 �C for 10 min. Gel-purified amplification products

were sequenced using Thermo Sequenase Terminator Cycle

Sequencing kit (Amersham Life Science Inc.) in a thermal

cycler (MJ research).

Primers (5¢–>3¢): HS-CCS1244: CTCGGGGTGGTGACTG

(55 �C)

HS-CCS1944: TCTGCTTGGGGTTCTGG (55 �C)

Pig-CCS2085: TAACCCTGATGGGATG (58 �C)

Poly-A 1576: AGCAGTGGTAACAACGCAGAGTACTTTTTTTT-

TTTTTTTTTT TTTTTTTTTTTTVN (58 �C)

CCS-RHAF: GGGGACCTAGGGAATGTCTGTG

CCS-RHAR: TCTGCTTGGGGTTCTGGAAGA
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Introduction: The protein kinase B, gamma (AKT3) protein is an

intracellular serine/threonine kinase involved in regulating cell

survival. This protein phosphorylates and regulates the func-

tion of many cellular proteins involved in processes that include

metabolism, apoptosis and proliferation,1,2 making it a prom-

ising target for drug discovery to treat cancer. Expression of the

human gene is found in normal and tumour tissues. Prior to

this study, the assignment of the canine AKT3 gene was

unknown. Herein, we report the assignment of the AKT3 gene

to canine chromosome (CFA) 7q17 by FISH.

BAC clone and probe: In order to generate an AKT3 DNA probe,

polymerase chain reaction (PCR) amplification of genomic DNA

from a 2-year-old Golden retriever was performed using primers

that spanned part of exon 13 (primer up: AGA CAG TAG CAG

CAG CAG CA and dn: ATG ACG AGG ACG GTA TGG AC).

Primers were designed using NCBI Sequence AY575066,

which shows 80.3% identity to human AKT3 mRNA

(NM_005465).

PCR conditions: The total volume of 50 ll included 34.5 ll

Aqua Bidest, 1x Buffer, 3 mM MgCl2, 2 mM dNTPs, 2 lM of each

primer, approximately 50 ng genomic DNA and 2.5 U Taq-

Polymerase. Thermocycler conditions were as follows: 10 min

at 94 �C, 35 cycles of 1 min 94 �C, 1 min at 75 �C, 2 min at

72 �C and a final extension of 10 min at 72 �C. The resulting

amplicon of 303 bp was verified by sequencing (GenBank

accession no. AY575065). These PCR primers and conditions

were also used to screen a canine BAC library3 (URL: http://

www.dogmap.ch) for AKT3 positive clones. To rule out false-

positive BAC screening results, the initial PCR was repeated,
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cloned and sequenced for verification of AKT3 with BAC clone

10C05-4.

Fluorescence in situ hybridization: Metaphase preparations and

fluorescence in situ hybridization (FISH) were performed as

described previously.4 Ten metaphases were examined and all

demonstrated hybridization of the AKT3 probe on both

chromatids of canine chromosome 7 (Fig. 1).

Comments: It has been reported that canine chromosome 7

shares homology with human chromosomes (HSA) 1 and 18.

The long (q) arm of CFA7 corresponds to the homologous

region on HSA1, whereas the homologous regions with HSA18

are distributed over both arms of CFA7.5 The human AKT3

gene is located at HSA 1q43–44. According to Yang et al.,5

this region shares homology with CFA7. We mapped the

canine AKT3 gent to CFA 7q17 and defined the chromo-

somal band following the nomenclature established by

Reimann et al.6
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Introduction: The dog is an emerging model organism for the

investigation of mechanisms involved in human disease,

including cancer. Several parallels in human and canine

tumours have been described, with comparable environmental

living conditions and age of tumour onset in both human and

canine patients as well as similarities in development and his-

tology of tumours in both species.1 NRAS is a member of the ras

proto-oncogene family of proteins that act in growth-related

signal transduction and are frequently involved in the devel-

opment of human tumours, with ras point mutations being one

of the most important alterations in the onset of malignancies.2

Ras genes show high sequence similarity across different

mammalian species such as human, cat, dog, cattle and

rodents, with most nucleotide differences representing syn-

onymous changes not affecting the amino acid sequence.3 In

malignancies, most amino acid exchanges in ras genes are

caused by alterations of the so-called hot spot codons 12, 13,

and 61 in exons 1 and 2, respectively, leading to constitutively

active ras proteins that bring about constant signal transduc-

tion, facilitating uncontrolled cell division. These hot-spot

codons have been described to be affected in other mammalian

species as well. In dogs, NRAS mutations were found in

lymphomas4 and malignant melanomas.5

The canine NRAS gene had not been mapped so far, there-

fore, in this study we localized the chromosomal location of the

canine NRAS gene by fluorescence in situ hybridization (FISH).

Figure 1 Metaphase spread after fluorescence in situ hybridization

with signals on both chromosome 7s (above) and GTG- banding

(below).
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cloned and sequenced for verification of AKT3 with BAC clone

10C05-4.

Fluorescence in situ hybridization: Metaphase preparations and

fluorescence in situ hybridization (FISH) were performed as

described previously.4 Ten metaphases were examined and all

demonstrated hybridization of the AKT3 probe on both

chromatids of canine chromosome 7 (Fig. 1).

Comments: It has been reported that canine chromosome 7

shares homology with human chromosomes (HSA) 1 and 18.

The long (q) arm of CFA7 corresponds to the homologous

region on HSA1, whereas the homologous regions with HSA18

are distributed over both arms of CFA7.5 The human AKT3

gene is located at HSA 1q43–44. According to Yang et al.,5

this region shares homology with CFA7. We mapped the

canine AKT3 gent to CFA 7q17 and defined the chromo-

somal band following the nomenclature established by

Reimann et al.6

References
1 Masure S. et al. (1999) Eur J Biochem 265, 353–60.

2 Nicholson K. M. et al. (2002) Cell Signal 14, 381–95.

3 Schelling C. et al. (2002) J Anim Breed Genet 119, 400–1.

4 Murua Escobar H. et al. (2001) Cytogenet Cell Genet 94,194–5.

5 Yang F. et al. (1999) Genomics 62, 189–202.

6 Reimann N. et al. (1996) Cytogenetics Cell Genetics 73, 140–4.

Correspondence: J. Bullerdiek (bullerd@uni-bremen.de)

doi:10.1111/j.1365-2052.2004.01158.x

The canine NRAS gene maps to CFA 17

A. Richter*, H. Murua Escobar*,†, K. Günther*,
B. Meyer*, S. Winkler*, G. Dolf‡, C. Schelling§,
I. Nolte† and J. Bullerdiek*

*Centre for Human Genetics, University of Bremen, Bremen,

Germany. †Small Animal Clinic, School of Veterinary Medicine

Hanover, Hanover, Germany. ‡Institute of Animal Genetics,

Nutrition and Housing, University of Berne, Berne, Switzerland.
§Department of Animal Science, Swiss Federal Institute of Tech-

nology Zurich, Faculty of Veterinary Medicine, University of Zurich,

ETH-Zentrum, Zurich, Switzerland

Accepted for publication 1 May 2004

Introduction: The dog is an emerging model organism for the

investigation of mechanisms involved in human disease,

including cancer. Several parallels in human and canine

tumours have been described, with comparable environmental

living conditions and age of tumour onset in both human and

canine patients as well as similarities in development and his-

tology of tumours in both species.1 NRAS is a member of the ras

proto-oncogene family of proteins that act in growth-related

signal transduction and are frequently involved in the devel-

opment of human tumours, with ras point mutations being one

of the most important alterations in the onset of malignancies.2

Ras genes show high sequence similarity across different

mammalian species such as human, cat, dog, cattle and

rodents, with most nucleotide differences representing syn-

onymous changes not affecting the amino acid sequence.3 In

malignancies, most amino acid exchanges in ras genes are

caused by alterations of the so-called hot spot codons 12, 13,

and 61 in exons 1 and 2, respectively, leading to constitutively

active ras proteins that bring about constant signal transduc-

tion, facilitating uncontrolled cell division. These hot-spot

codons have been described to be affected in other mammalian

species as well. In dogs, NRAS mutations were found in

lymphomas4 and malignant melanomas.5

The canine NRAS gene had not been mapped so far, there-

fore, in this study we localized the chromosomal location of the

canine NRAS gene by fluorescence in situ hybridization (FISH).

Figure 1 Metaphase spread after fluorescence in situ hybridization

with signals on both chromosome 7s (above) and GTG- banding

(below).
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BAC library screening: In order to isolate a FISH probe, the

DogBAC canine BAC library6 (http://www.dogmap.ch/) was

polymerase chain reaction (PCR)-screened. Primers were

designed using canine mRNA sequence GenBank accession no.

U62093 (primer UP: GACTGAGTACAAACTGGTGG and primer

LO: GGGCCTCACCTCTATGGTG). The PCR conditions were

established on canine blood genomic DNA, the corresponding

PCR product cloned and verified by sequencing. The positive

BAC clone (DogBAC library ID S050P24H09) was verified by

PCR and sequencing.

Gene mapping: For mapping the chromosomal location of the

canine NRAS gene, metaphase preparations and FISH were

performed as described previously.7 Ten well spread metaphases

exhibited a signal on CFA 17 on both chromatids of both

chromosomes (Fig. 1), following the nomenclature of the canine

karyotype as established by Reimann et al.8

Comments: NRAS mutations in humans have been found in

30% of liver tumours, 40% of myelodysplastic syndrome, 30%

of acute myelogenous leukaemia, 13% of brain tumours and in

53% of follicular and 60% of undifferentiated papillary thyroid

tumours.9 In dogs, depending on tumour type, comparable

occurrences exist in malignant melanomas,5 while fibrosarco-

mas showed no amino acid alteration of the NRAS protein

(H. Murua Escobar, K. Günther, A. Richter, J. T. Soller,

S. Winkler, I. Nolte & J. Bullerdiek 2004, personal communi-

cation). Overall, data available on involvement of ras proto-

oncogenes in tumours of dogs are still insufficient. Knowledge

of the cytogenetic properties of NRAS will further the under-

standing of this important gene. The mapping results obtained

in this study are in accordance with the known homology be-

tween canine chromosome 17 and the centromer-proximal

regions 11.1–13.3 of the p-arm of human chromosome 1.10
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Source/description: Ovoinhibitor (OIH) and ovomucoid (OVM)

are the major proteinase inhibitors constituting 1.5 and 11% of

the total proteins in hen egg white, respectively. Although OVM

exerts its antiprotease activity only against trypsin, OIH has a

wide spectrum of inhibitory activity for other proteinases that

occur in chicken egg white and blood plasma.1 They are

functionally similar proteins and having multiple domains with

a characteristic pattern of disulphide bridges.1 From the ana-

lysis of DNA sequences and the positions of exons and introns, it

Figure 1 Metaphase spread after fluorescence

in situ hybridization showing signals on both

chromosomes 17 (right) and the same meta-

phase after GTG-banding (left).
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Introduction: Dogs and human beings often share the same

genetic pathways in development of cancer. Point mutations

affecting genes of the ras family are assumed to be among the

most important alterations in human tumourigenesis.1 Ras

proteins play an important role as signal transmitters. The

binding of growth factors activate the ras protein and thus

initiates cell division. Mutations in ras genes are assumed to

remove the time limit of the cell stimulating signals which

results in uncontrolled cell division.2 Mutations in KRAS2 have

been described in human pancreatic cancers and tumours of

the gastrointestinal tract as well as in tumours of the skin.3–5

Hot spot point mutations in KRAS2 described in different types

of human lung tumours and breast cancers are also present in

the corresponding canine gene.6 For further characterization of

the gene, we have mapped the canine KRAS2 gene.

BAC clone and probe: A KRAS2 DNA probe was generated

by polymerase chain reaction (PCR) spanning part of

the exon 2 (primer up: 5¢-caggattcctacaggaaaca-3¢/lo:

5¢-aacccacctataatggtgaa-3¢ based on NCBI sequence M54968)

using genomic canine DNA. The resulting amplicon was

cloned and sequenced for verification. These PCR conditions

were also used to screen a canine BAC library7 (URL: http://

www.dogmap.ch). To rule out false-positive BAC screening

results, a PCR using the initial primer pair was performed,

and the resulting amplicon cloned and sequenced for verifi-

cation. BAC S069P22D02 was positive for KRAS2 and was

used for fluorescence in situ hybridization (FISH) analysis.

FISH: Metaphase preparations and FISH were performed as

described previously.8 Ten well spread metaphases were

examined and all showed a signal on both chromatids of

chromosome 22s (CFA 22) (Fig. 1).

Comments: Different investigations show that 30% of human

lung tumours, 90% of human pancreatic tumours and 50%

of tumours of the gastrointestinal tract depend on specific

point mutations in genes of the ras gene family.9–11

Molecular investigations of the ras family are rare in dogs,

but existing publications point to the fact that there are the

same point mutations affecting hotspot codons 12, 13 and

61, as they are in human malignancies.6 Up to 24% of cases

investigated in dogs showed point mutations in those codons.

The canine chromosome to which KRAS2 was mapped has

been involved in a centric fusion of CFA 8/22.12 According

to Yang et al.13 the canine chromosome 22 shares homol-

ogy with HSA13, whereas the human KRAS2 gene is located

on HSA12. In our FISH studies, there were no metaphase

signals on the corresponding canine chromosomes, 29

and 10.

Acknowledgements: We thank Norbert Drieschner for his helpful

advice in FISH techniques.
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Source/description: MC4R is a G-protein-coupled receptor that is

implicated in the control of food intake and energy expenditure.

In mice, knock out of the Mc4r gene results in a maturity-onset

obesity syndrome which is due primarily to leptin-resistant

hyperphagia.1,2 Moreover, a significant association has been

reported between MC4R genotypes and backfat, growth rates,

and feed intake in a number of lines of swine.3 MC4R is an

intron-less gene with a transcript of 1800 nt containing a

coding region of roughly 1 kb. MC4R has been assigned to the

telomeric region of BTA24 by radiation hybrid mapping4 (RH)

and linkage analysis.5 Both papers also report SNPs in the

MC4R coding region – two single nucleotide substitutions

specific to the Red Holstein and Red Pied breeds,4 and a single

nucleotide substitution in cattle of unspecified origin.5

In this study we report: (i) the anchoring of the gene to a

specific contig in the bovine reference BAC genome scaffold;

(ii) the cytogenetic localization of the bovine MC4R gene using

FISH; and (iii) the results of an SNP discovery experiment using

a beef cattle reference panel.

Primer sequences:

Overgo hybridization

MC4RP1: 5¢-GCCTAAGATTTCCAAGTGATGCT

MC4RP2: 5¢-AAGTGTGGCTCTGGTCAGCATCAC

PCR verification

MC4RRev: 5¢-AAAGTTAGGCGGCGGAGA

SNP discovery

Forward: 5¢-GATTTCCAAGTGATGCTGACC

Reverse: 5¢-ACACACAGTATGGGTTCTGGG

Overgo hybridization to BAC filters: High density filters for the

bovine BAC library CHORI-240 were purchased from the BAC-

PAC Resource Centre (http://bacpac.chori.org/home.htm).

Overgo probe oligomers (MC4RP1 and MC4RP2) and the PCR

verification primer (MC4RRev) were designed using the Overgo

1.02 program (http://www.mouse-genome.bcm.tmc.edu/web

overgo/OvergoInput.asp). Overgo probes were labelled and

hybridizations to high density filters carried out as previously

described.6 Hybridization-positive BAC clones were confirmed

via locus-specific PCR reactions using primers MC4RP1 and

MC4RRev revealing three clones for the MC4R gene – CHORI-

240 180D6, 213B5 and 265F11. All three clones map to

contig no. 926 in the bovine reference BAC genome scaffold

(http://www.bcgsc.ca/lab/mapping/bovine), thereby anchoring

this contig of 95 BACs to the telomeric end of BTA24.

Fluorescent in situ hybridization (FISH): BAC DNA for clone

180D6 was prepared using the R.E.A.L. Prep BAC kit (Qiagen,

Mississauga, ON, Canada). BAC DNA was labelled with digo-

xigenin-11-dUTP by standard nick translation and hybridized

with a 10· excess of bovine Cot1-DNA to normal male bovine

metaphase spreads. Probe hybridization was detected with

monoclonal mouse-anti digoxigenin (Roche, Mannheim,

Table 1 SNP discovery in the bovine MC4R gene.

Nucleotide position1,2 244 270 271 414 648 747 927

Codon 11 19 20 67 145 178 238

Bos taurus

Angus3 A C G G G G C

Charolais A C G G G G C

Hereford A C G G G G C

Limousin A C G G G 4G/2A (silent)4 5C/1T (silent)

Simmental A C G G G G C

Holstein A C G G G G C

Wagyu A C G G G G C

Bos indicus

Brahman A C G G G G C

Bison bison G (T11A) 5C/1T (silent) 1G/5A (A20T) 5G/1A (silent) 1G/5A (silent) G C

1Positions are numbered according to GenBank accession no. AF265221.
2SNPs detected previously at positions 647 and 7274 were not observed in this study, and the previously reported SNP at position 10695 lies

downstream of the fragment analysed.
3Three unrelated bulls (six alleles) were sampled from each breed.
4The impact of the SNP on the amino acid at the affected position is indicated in brackets.
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Source/description: ZNF331 is a KRAB zinc finger protein gene

consisting of a KRAB-A box and a zinc finger domain with

12 zinc fingers and has recently been identified as putative

target gene in thyroid tumorigenesis.1,2 For characterization of

canine ZNF331, a canine testis cDNA library (Center for Hu-

man Genetics, Bremen, Germany) was screened with primers

specific for human ZNF331 (acc.-no. NM_018555; Primer Up:

GTA AAT CCC TTG GCC GTA ACT G; Lo: AGG CCT TCC CAC

ATT CTT GAC). To obtain a full-length cDNA clone 5¢RACE-

PCRs with a vector-specific primer [Primer Up: AGC GGA TAA

CAA TTT CAC ACA GG (M13rev)] and a gene-specific primer

(Primer Lo: TAT TTT CTC TAC AAG TGG GCG TTT T) were

performed using the cDNA library as template. Sequence ana-

lysis of the isolated clone and the 5¢ RACE products allowed the

assembling of the mRNA sequence of ZNF331. The composed

canine ZNF331 cDNA (GenBank acc. no. AY375188) consists

of 2148 bp including the full ORF and shows 85.3% sequence

identity in the cds to the human ZNF331 gene.

Expression studies using Northern blots containing mRNA

from several canine tissues including testis and a canine

ZNF331 spacer-specific probe did not reveal transcripts of

canine ZNF331 which points to a very low expression level of

this gene (data not shown).

Fluorescent in situ hybridization: A cDNA probe representing the

spacer region of canine ZNF331 was used to screen the canine

RCPI 81 BAC/PAC filter (BACPAC RESOURCES, Childrens

Hospital, Oakland, CA, USA). The probe was generated by

EcoRI digestion of a PCR product of primers CTG TAC TGG GAC

GTG ATG TTG GAG AA and AGA GTA AAG AGG TGG GAT

GGT GAT GG resulting in a 300-bp fragment. The fragment

was cloned and sequenced for verification. Hybridization was

performed as previously described.3 BAC 138K24 gave a pos-

itive signal which was verified by ZNF331-specific PCR, and

sequence analysis of the PCR product. A 4 ng/ll volume of dig-

labelled BAC 138K24 DNA (Dig-Nick-Translation-Kit; Roche

Diagnostics, Mannheim, Germany) was used as probe for

fluorescence in situ hybridization (FISH) in a hybridization

Figure 2 Radiation hybrid map of porcine chromosome 28 showing

position of GDF9 gene.
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mixture also containing 1 lg/ll salmon sperm DNA, 20 ng/ll

sonicated dog DNA, 1 · SSC, 1· SSPE, 50% formamide and

10% dextran sulphate. FISH was performed using the protocol

of Fischer et al.4 with some modifications5 on metaphase

preparations obtained from blood samples of different dogs.

FISH analyses were performed after GTG banding of the same

metaphase cells. Counterstaining of the chromosomes was

carried out using propidium iodide/antifade solution. G-banded

chromosomes were identified according to Reimann et al.6

Sixteen metaphases were examined and all showed a signal on

CFA1q33 on both chromatids of both chromosomes 1 (Fig. 1).

According to previous mapping data,7 this region is homolog-

ous to HSA19q13. Furthermore, two genes, i.e. CRX and

GRLF1, located on HSA19q13.3, recently have been mapped to

the telomeric region of CFA1.8,9

Comments: During the past few years, the dog has become

an interesting model organism for several human diseases

and tumours. Cytogenetic hotspots in canine tumours that

have been found in the dog genome so far include chro-

mosomes 1, 19 and 25 which are preferentially involved in

chromosomal fusions.10 Aberrations in tumours of the dog

involving chromosome 1 were described earlier by several

authors in various tumours of the dog such as leukaemias,

melanomas and breast cancer.11–14 With the assignment of

ZNF331 to CFA1q33, a region of frequent breaks in human

follicular thyroid adenomas has been mapped in the canine

genome.

Accession numbers: human ZNF331: NM_018555; canine

ZNF331: AY375188.
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Source/description: Cysteine and histidine-rich cytoplasmic

protein (CYHR1) is involved in cellular trafficking transport of

galectin 3.1 Furthermore, CYHR1 has a broad range of biolo-

gical activities including DNA and RNA binding, enzyme

catalysis, protein–protein interactions, and signal transduction,

because it contributes a metal-binding domain multimeric

protein. In cattle, the gene encoding this protein has been

mapped in the centromeric region of BTA14 (at 8 cM proximal

to CSSM66) and linkage disequilibrium between the bovine

CYHR1 gene and a QTL with significant effects on milk, fat and

protein yield has been demonstrated.2

Figure 1 Canine metaphase spread after GTG-banding (a) and the same metaphase after FISH with BAC 138K24 showing signal on both

chromosomes 1q33 (b).
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A R
Abstract. Background: The human high mobility group protein
B1 (HMGB1) has attracted considerable interest among
oncologists because it sensitises cancer cells to the anticancer
drug cisplatin by shielding cisplatin-DNA adducts from
nucleotide excision repair. Materials and Methods: Since
cisplatin is the cornerstone of adjuvant systemic therapy for
osteosarcomas, in both humans and dogs, the expression pattern
of the HMGB1 gene in seven canine sarcomas was investigated
by Northern blot analysis and semi-quantitative RT-PCR.
Results: A strong intertumoural variation of HMGB1 expression
was detected by Northern blot analysis and confirmed by the
semi-quantitative RT-PCR established herein. Conclusion: The
observed variations of HMGB1 expression in canine sarcomas
emphasises the role of HMGB1 as a potential marker of clinical
interest as its expression level may predict the clinical outcome of
therapies based on cisplatin. The semi-quantitative RT-PCR
established allows a quick and convenient determination of the
HMGB1 expression level as necessary for clinical applications.

The related platinum compounds cisplatin and carboplatin
are widely used antitumour drugs for the treatment of a
number of malignancies. The main cytotoxic effect of
cisplatin/carboplatin is the formation of cisplatin/carboplatin-
DNA adducts characterised by intrastrand cross-links and
significantly bended and distorted DNA.

Gel mobility shift assays revealed a selective affinity of
high mobility group (HMG) proteins for cisplatin-DNA
adducts (1). The recognition of cisplatin damage by HMG
is assumed to mediate cisplatin cytotoxicity. HMG proteins

are chromatin-associated non-histone proteins characterised
by low molecular weight, acid-solubility and a high content
of charged amino acids. According to their molecular size,
sequence and DNA binding capacity, three families have
been distinguished: HMGB (formerly HMG1/2), HMGN
(formerly HMG14/17) and HMGA (formerly HMGI(Y))
(2,3). The HMGB family, comprising HMGB1, HMGB2
and HMGB3, is characterised by its two DNA-binding
domains called the "HMG-Box" (4,5).

One of the best analysed members of the group of HMG-
Box proteins is HMGB1 (synonymously known as HMG1 or
amphoterin). Both DNA-binding domains selectively bind
with a very high affinity to major cisplatin-DNA adducts (6-
8) and interaction between HMGB1 and cisplatin-damaged
DNA contributes to its biological activity, as it sensitises
cancer cells to cisplatin by shielding its major DNA adducts
from nucleotide excision repair (9,10).

Interestingly, HMGB1 gene expression can be induced by
oestrogens in breast cancer cells probably due to an up-
regulation of the gene, so that HMGB1 itself can be
considered an oestrogen-responsive gene (11). Recently, we
were able to explain this observation by the identification of
two oestrogen responsive elements within the first intron of
HMGB1 (12). He et al. (10) have shown that, in oestrogen
receptor-positive human breast cancer cells, oestrogen can
significantly increase the effect of cisplatin by causing an
overexpression of HMGB1. This finding has led to the
conclusion that oestrogen treatment prior to cisplatin
therapy may sensitise the cancer cells against that drug.
Accordingly, a clinical trial for the treatment of
gynaecological tumours with cisplatin has already been
approved by the Food and Drug Administration (FDA)
(10). On the other hand, the former experiment clearly
shows that the quantitation of the intratumoural HMGB1
expression level may be of high impact for a
cisplatin/carboplatin therapy for two reasons. Firstly, it may
predict the clinical outcome of the therapy; secondly, it may
influence the therapy protocol as, for example, tumours
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showing a high HMGB1 expression level may be treated
with a lower amount of this antitumour drug.

Due to the close similarities of numerous canine diseases
to their human counterparts, the role of the dog as a model
organism for therapeutic approaches is justified.
Furthermore, genes and proteins known to be of high
diagnostic and therapeutic impact in man can also be
considered to play an important role in the dog.

Osteosarcomas and several types of carcinomas belong to
the group of canine malignancies often treated with cisplatin
or carboplatin. So far no data are available analysing the
expression pattern of the HMGB1 gene in canine sarcomas.
Thus, in this study we analysed the HMGB1 expression level
in five canine osteosarcomas, one fibrosarcoma and one
leiomyosarcoma by Northern blot experiments. Based on
the observed strong intertumoural variation of HMGB1
expression, we further established a quick RT-PCR-based
diagnostic system for future studies.

Materials and Methods 

Tissue samples. All canine tumour samples used in this study (Table
I) were provided by the Clinic for Small Animals, Hanover,
Germany. Samples were taken during surgery, immediately frozen
in liquid nitrogen and stored at -80ÆC.

RNA isolation. Total RNA extraction of the canine sarcoma samples
was performed according to the RNeasy midi protocol for isolation
of total RNA from heart, muscle and skin tissue (Qiagen, Hilden,
Germany) including a Proteinase K digest. Enrichment of poly A+

mRNA was carried out using the Oligotex mRNA kit (Qiagen). 

Northern blot hybridisation. For Northern blot analysis, 5 Ìg of
mRNA from each sample were separated on a 1.2% denaturing
agarose gel containing 0.65% formaldehyde. RNAs were
transferred onto a Hybond-XL charged nylon membrane
(Amersham Biosciences, Buckinghamshire, England) by capillary
blot overnight. As a probe for hybridisation, a 603 bp cDNA
fragment derived from the ORF (exon 2-5) of the canine HMGB1
gene was generated by PCR using the primer pair ToastUP (5’
GGGCAAAGGAGATCCTAAGAAG 3’) (13) and Ex5lo (5’

TCTTCCTCCTCCTCCTCATCC 3’). A 445 bp cDNA probe
detecting the 1.3 kb transcript of the canine GAPDH gene was
amplified by PCR with the primer set GAPDH2up (5’
GTGAAGGTCGGAGTCAAC 3’) and GAPDHdog5do (5’
AGGAGGCATTGCTGACAAT 3’). Probes were labelled with 50
ÌCi(·-32P)dCTP (Amersham Biosciences) using the Megaprime
Labelling Kit (Amersham Biosciences) for random-primed
labelling (14). Hybridisation was performed for 3 h at 68ÆC in 10
ml of PerfectHyb Plus Hybridisation Buffer (Sigma-Aldrich, Saint
Louis, USA). The membranes were washed for 5 min with low
stringency at RT in 2x SSC, 0.1% SDS and twice for 20 min with
high stringency at 68ÆC in 0.5x SSC, 0.1% SDS. Signals were
visualised using a Storm PhosphorImager (Molecular Dynamics,
Sunnyvale, USA). Quantitation of the transcripts of HMGB1 and
GAPDH was performed using the software program ImageQuant
(Molecular Dynamics).

Semi-quantitative RT-PCR. cDNA synthesis was performed using
primer AP2 (5’ AAGGATCCGTCGACATCT(17) 3’) with 500 ng of
mRNA with SuperScript Reverse Transcriptase (Invitrogen,
Karlsruhe, Germany) according to the manufacturer’s instructions. In
order to determine the expression of HMGB1 in relation to that of
the housekeeping gene GAPDH, a duplex PCR was established using
the primer sets ToastUP/Ex5lo and GAPDH2up/GAPDHdog5do
(see above). PCR reactions were set up according to the "basic PCR
protocol" of Taq DNA Polymerase (Invitrogen) using the following
PCR program: initial denaturation for 5 min at 94ÆC, 28 cycles of
denaturation for 30 sec at 94ÆC, primer annealing for 30 sec at 55ÆC
and extension for 45 sec at 72ÆC, followed by a final extension for 10
min at 72ÆC. The appropriate number of cycles was previously
determined so that for both PCR-products amplification was in the
exponential range (data not shown). PCR-products were separated
on a 1.2% agarose gel stained with VistraGreen (Amersham) and
visualised using a Storm PhosphorImager (Molecular Dynamics).
Quantitation of the PCR-fragments of HMGB1 and GAPDH was
performed using the software program ImageQuant (Molecular
Dynamics) measuring pixel intensities.

Results

Northern blot hybridisation on a series of 5 osteosarcomas,
one fibrosarcoma and one leiomyosarcoma sample of the
dog (Table I), using a cDNA probe derived from the ORF
(Exon 2-5) of the canine HMGB1 gene, resulted in the
detection of two HMGB1 mRNA transcripts of
approximately 1.4 and 2.4 kb (Figure 1), which are similar
to that observed in human tissues (15-17) and various
canine tissues (18). In order to quantify the expression of
HMGB1, the blot was rehybridised with a canine GAPDH-
specific cDNA probe (Figure 1). Summing up the intensities
of the 1.4 and 2.4 kb HMGB1 signals, the HMGB1-RNA /
GAPDH-RNA ratios were calculated. As shown in Figure 1,
the analysed canine sarcoma samples revealed a strong
intertumoural variation in the relative expression of
HMGB1. Values obtained by Northern blot analysis for the
osteosarcoma samples varied between 0.52 and 1.31, while
the fibrosarcoma and the leiomyosarcoma showed ratios of
0.73 and 0.24, respectively (Table II).
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Table I. Sarcoma samples analysed in this study.

Sarcoma Tumour Breed Sex Age
sample

OS1 Osteosarcoma Rottweiler f 1 yr
OS2 Osteosarcoma Crossbreed f 4 yrs
OS3 Osteosarcoma German Shepherd m 6 yrs
OS4 Osteosarcoma Crossbreed m 9 yrs
OS5 Osteosarcoma German Shepherd m n.r.1

FS Fibrosarcoma Bobtail m 5 yrs
LMS Leiomyosarcoma Crossbreed f 10 yrs

1n.r. = not reported



In order to confirm the results and to develop a less time-
and material-consuming technique, we established a semi-
quantitative duplex RT-PCR suitable for detecting
intertumoural variation of HMGB1 expression in relation to
expression of the house-keeping gene GAPDH (Figure 2).
After quantitation of the signals obtained by RT-PCR, the
HMGB1-RNA / GAPDH-RNA ratios were calculated. The
values for the osteosarcoma samples varied between 0.72
and 1.28, while the ratios for the fibrosarcoma and the
leiomyosarcoma were 0.73 and 0.42, respectively (Table II).
In order to determine the comparability of the results

obtained by the Northern blot hybridisation and RT-PCR
analyses, mean values for each test series were calculated,
set to one, and relative expression levels were determined
(Table II, Figure 3). Statistical analysis using the Pearson’s
Correlation Test revealed a significant correlation between
the relative HMGB1 expression level obtained by Northern
blot hybridisation and the level obtained by the established
RT-PCR (r=0.8919, p=0.0071).

Discussion

Cisplatin and carboplatin are widely used anticancer drugs,
manifesting their cytotoxicity to tumour cells by damaging
DNA, generating a distorted DNA duplex. HMGB1 proteins
selectively bind with high affinity to cisplatin or carboplatin-
DNA adducts and several investigations revealed that this
interaction contributes to tumour death by blocking excision
repair of the major cisplatin-DNA adducts (9,10).

No features have been identified yet allowing clinicians to
predict the response to cisplatin or carboplatin therapies in
dogs with osteosarcomas at the time of diagnosis or during
treatment (19). Hence, it was the aim of this study to analyse
the expression level of HMGB1 in canine sarcomas.

Based on Northern blot and RT-PCR analyses, we were
able to show an intertumoural variation of HMGB1
expression levels among canine sarcomas. Very recently,
comparable results were obtained for human breast cancer
samples (17,20) and a clinical trial designed to increase
HMGB1 expression by oestrogen treatment has been
approved by the FDA (10). The observed intertumoural
variances of HMGB1 expression in seven sarcomas analysed
in this study may be of importance for therapeutic
approaches based on cisplatin/carboplatin treatment as, for
example, tumours showing a high HMGB1 expression level
may be treated with a lower amount of this antitumour
drug. However, future clinical studies including a greater
number of tumours have to be performed to correlate the
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Table II. Absolute and relative HMGB1-mRNA / GAPDH-mRNA ratios.

Sarcoma Absolute HMGB1 / Relative HMGB1 /
sample GAPDH-RNA ratios GAPDH-RNA ratios1

RT-PCR Northern blot RT-PCR Northern blot

OS1 0.95 0.52 1.09 0.7
OS2 0.99 0.79 1.13 1.06
OS3 1.02 1.05 1.17 1.41
OS4 1.28 1.31 1.47 1.75
OS5 0.72 0.60 0.83 0.79
FS 0.73 0.73 0.84 0.97
LMS 0.42 0.24 0.48 0.32

Mean value 0.87 0.75 1.0 1.0

1 Calculated with the mean values of the absolute HMGB1 / GAPDH-
RNA ratios set to one.

Figure 1. Northern blot analysis of five osteosarcomas (OS1-5), one
fibrosarcoma (FS) and one leiomyosarcoma (LMS) of the dog hybridised
with a HMGB1-specific cDNA probe detecting the two canine HMGB1
transcripts of approximately 1.4 and 2.4 kb (upper part). Co-hybridisation
of the same membrane with a GAPDH-specific cDNA probe detecting a
1.3 kb transcript (lower part).

Figure 2. Semi-quantitative duplex RT-PCR products of HMGB1 (603
bp) and GAPDH (445 bp) using canine cDNAs of five osteosarcomas,
one fibrosarcoma and one leiomyosarcoma after electrophoresis and
VistraGreen staining (Amersham Biosciences). Lane 1: DNA molecular
weight standard 1 Kb Plus DNA Ladder (Invitrogen). Lanes 2-6:
osteosarcoma samples 1-5 (OS1-5). Lane 7: fibrosarcoma sample (FS).
Lane 8: leiomyosarcoma sample (LMS). Lane 9: H2O, negative control.
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HMGB1 expression level with clinical outcome of
cisplatin/carboplatin chemotherapy. The statistically
significant correlation of the relative HMGB1 expression
levels obtained by Northern blot analyses as well as duplex
RT-PCR makes the established PCR approach a quick and
convenient method to determine the intratumoural HMGB1
expression.
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Figure 3. Variation of relative HMGB1 expression in five osteosarcomas
(OS1-5), one fibrosarcoma (FS) and one leiomyosarcoma (LMS) of the
dog as revealed by Northern blot analysis (dark grey bars) and semi-
quantitative RT-PCR (light grey bars). In order to compare the results
obtained by the two methods, mean values for each test series were
calculated, set to one and relative expression levels were determined.
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Abstract. Translocations involving chromosomal region
19q13 are a frequent finding in follicular adenomas of the thy-
roid and might represent the most frequent type of structural
aberration in human epithelial tumors. By positional cloning, a
putative candidate gene, ZNF331 (formerly RITA) located
close to the breakpoint was identified. Recently, aberrant
expression of ZNF331 has been described in two cell lines of
follicular thyroid adenomas with aberrations in 19q13 indicat-
ing an involvement of ZNF331 in tumorigenesis. Nevertheless,
knowledge about structure and expression of ZNF331 is lim-

ited. We performed RACE-PCR and genomic sequence analy-
ses to gain a deeper insight into its molecular structure. To elu-
cidate ZNF331 expression patterns we performed Northern
blot analyses on various normal tissues as well as on thyroid
carcinoma and adenoma cell lines. Herein, unique expression
of a 3.4-kbp transcript is described in thyroid adenoma cell
lines with 19q13 aberrations, which was not detected either in
normal tissues or in thyroid carcinoma cell lines.

Copyright © 2003 S. Karger AG, Basel

By positional cloning of the 19q13 breakpoints found in fol-
licular adenomas of the thyroid gland, we had recently been
able to identify a candidate gene (Rippe et al., 1999) which we
primarily referred to as RITA (Rearranged in Thyroid Adeno-
mas) and which was renamed ZNF331 according to the HUGO
human gene nomenclature. ZNF331 is considered a candidate
gene relevant for development of thyroid adenomas due to the
fact that aberrations of chromosomal band 19q13.4 are the
most frequent structural chromosomal alterations in thyroid
follicular adenomas and hyperplasias (Belge et al., 1998).
ZNF331 was characterized as a KRAB zinc finger protein and
is therefore most likely considered to be a transcriptional
repressor. Molecularly, so far only about 2 kbp of cDNA

sequence, including the open reading frame, from ZNF331
have been characterized. The cDNA encodes a 463 amino acid
protein consisting of a 42-aa KRAB-A domain and a 332-aa
DNA-binding zinc finger region separated by an 89-aa spacer
region (Rippe et al., 1999; Wu et al., 2001). In contrast to the
results of Wu et al. (2001) who found expression of ZNF331 (or
here called ZNF463) only in testis as an approximately 2.1-kbp
transcript, we found expression of ZNF331 also in Northern
blot analyses from normal thyroid, myometrium, testis tissues,
and two cell lines from follicular thyroid adenomas with aberra-
tion in chromosomal band 19q13.4 (Rippe et al., 1999). Two
transcripts of about 4.0 and 4.8 kbp were seen in each of the
normal tissues tested. In addition, expression of a 2.1-kbp
transcript was seen in testis only. Each of the cell lines from
thyroid adenomas showed expression of two transcripts of
approximately 5.5 and 6.2 kbp.

To get further information on expression profiles we tested
various normal tissues as well as cell lines of various thyroid
carcinoma cell lines for expression of ZNF331. Northern blot
hybridizations were performed with a probe representing part
of the 5)UTR and parts of the gene encoding the KRAB
domain, spacer region, and part of the zinc finger domain.
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Although sequence alignments of this probe with sequences
from the NCBI database did not show homologies critical for
hybridization, we performed additional Northern blot hybridi-
zations with a ZNF331-specific probe derived from a part of
the gene presenting neither the zinc finger region nor the KRAB
domain to overcome potential cross-hybridizations with trans-
cripts of other zinc finger genes.

In an effort to characterize the larger transcripts detected in
Northern blot hybridization we performed RACE experiments
on cDNA from normal thyroid and testis tissue and from mate-
rial of a cell line of a thyroid adenoma. The results of these
studies also enabled us to establish part of the genomic struc-
ture of ZNF331. Here we present molecular data of novel splice
variants of ZNF331 and of the genomic sequence of this gene as
well as novel data of its expression patterns in various tissues.

Materials and methods

Tissue samples and cell lines
Tissue samples were frozen in liquid nitrogen immediately after surgery

and stored at –80 °C. The human thyroid carcinoma cell lines used in these
studies were TPC1, NIM1, NPA, FRO and ARO (Pang et al, 1989; Fagin et
al., 1993; Zeki et al., 1993; Cerutti et al., 1996, Cassoni et al., 2002). Thyroid
adenoma cell lines with t(5;19)(q13;q13) and t(1;19)(p35 or p36.1;q13),
respectively, were obtained by transfecting primary cells of a thyroid adeno-
ma and a thyroid goiter, respectively, with a construct containing the SV40
large T-antigen, as reported previously (Belge et al., 1992).

RNA isolation and Northern blot analysis
Poly(A)+ RNAs were purified by Oligotex dC10T30 adsorption (QIA-

GEN, Hilden, Germany) or oligo (dT) cellulose (Roche, Monza, Italy) from
five thyroid carcinoma cell lines, two thyroid adenoma cell lines, normal
fibroblasts, and normal adult tissues. Approximately 5 Ìg of poly(A)+ RNAs
were denatured and fractionated on a 1 % agarose, 6% formaldehyde gel, and
transferred onto a Hybond-N+ nylon membrane (Amersham Pharmacia,
Freiburg, Germany). Additionally, expression patterns of ZNF331 in normal
tissues were analysed by using the human MTN IV (multiple tissue Northern
blot IV) membrane (Clontech, Palo Alto). As molecular probes we used par-
tial cDNA clones of ZNF331 i.e. one cDNA clone representing the spacer
region and one cDNA clone containing the KRAB domain, spacer region and
zinc finger domain. Probes were generated either by EcoRI digestion (174 bp
fragment, spacer region) or by PCR with primers ACG CAA CCG CTG TGT
CTC C and AGG CCT TCC CAC ATT CTT GAC (1,092 bp, KRAB
domain, spacer region, zinc finger domain). Probes were labeled with 32P
using a random primer extension protocol (Feinberg and Vogelstein, 1983).
Signals were visualized using a STORM phosphorimager (Molecular Dy-
namics, Sunnyvale, USA).

cDNA synthesis
For cDNA synthesis 5 Ìg of total RNA from normal testis and thyroid

tissue as well as from cell line S40.2T/SV40 was reverse transcribed into first
strand cDNA by SuperScriptTM Reverse Transcriptase (LifeTechnologies,
Karlsruhe, Germany) following the manufacturers instructions. For use in 5)
RACE experiments two downstream gene specific primers, TCG GCG AAC
GTC ACC AAA and CCT TCC CAC AGT CCT TAC ATT CAA, were used
as start for the transcription. cDNA was tailed with dCTP creating a binding
site for 5) anchor primer CUA CUA CUA CUA GGC CAC GCG TCG ACT
AGT ACG GGI IGG GII GGG IIG.

Rapid amplification of cDNA ends
For 5) RACE experiments dC-tailed cDNA was amplified using 400 nM

of 5) anchor primer with either primer CAU CAU CAU CAU TCG GCG
AAC GTC ACC AAA or primer CAU CAU CAU CAU CTC TGG AGC
GCT GTG GTC TTT CAA. Alternatively, the adaptor-ligated double-
stranded Marathon-Ready cDNA library from human testis (Clontech Labo-
ratories, Palo Alto, CA) was used as template. 5 Ìl of the library were used for

amplification with the upstream adaptor primer AP1 (CCATCCTAATAC-
GACTCACTATAGGGC) (Clontech Laboratories, Palo Alto, USA) and a
gene specific downstream primer (TCA CAT ATC CAG TTA CGG CCA
AGG GAT TTA CTT C) in a touchdown PCR reaction. PCR products were
separated in a 1.5% agarose gel and recovered by glass bead techniques
(QIAExII Gel Isolation Kit, QIAGEN, Hilden, Germany), cloned into the
pGEM-T Easy (Promega, Mannheim, Germany) or into the pAMP1 vector
system (Gibco BRL, Life Technologies, Eggenstein, Germany) and subjected
to DNA sequence analysis.

DNA sequence analysis
DNA sequence analysis and primer design were performed with the

Lasergene software package (DNAstar, Madison, USA). Analyses for se-
quence homologies were performed using the BLAST program from NCBI
(Altschul et al., 1997). Accession numbers for ZNF331: AF272148; ZNF331
splice variants: AF412398; AF412399; AF412400; AF412401; AF412402;
AF412403; AF412404; BF057584; BC009433; AF251515; BF685522.

Results

RACE
Sequencing of 5) RACE products revealed seven new splice

variants of ZNF331 (Fig. 1). In each investigated clone the
exons 5, 4, and 3 representing the zinc finger region, the KRAB
domain and the part of 5) UTR including the ATG start codon
were identical. Differences in cDNA sequence were upstream
of exon 2 except for two clones, i.e. ZNF331b and ZNF331f,
which had an additional 30-bp insertion between exon 2 and 3.
Clone ZNF331c revealed an extended exon 2, clones
ZNF331d, e, f, and g contained a 67-bp exon upstream of exon
2, which differs by only 4 bp from exon 2. Clones ZNF331d, e,
f, and g containing the duplicated exon 2 revealed sequence
homology with ESTs from the NCBI database. All sequences
correspond to the known genomic sequence.

Northern blot hybridization
Northern blot hybridization of a ZNF331-specific probe

containing the KRAB domain, spacer region and zinc finger
domain on poly(A)+ RNA of several normal tissues (human
MTN IV membrane, Clontech) revealed a transcript of about
4.8 kbp in all tissues. A much fainter signal is seen at about
4.0 kbp. In testis, an additional 2.1-kbp transcript is clearly
seen (Fig. 2A). Hybridization of the same probe on poly(A)+
RNA from thyroid carcinoma cell lines and normal thyroid tis-
sue revealed two transcripts of about 4.0 and 4.8 kbp in normal
thyroid tissue and cell lines TPC1, NIM1, FRO and ARO. In
thyroid tissue, the expression of the 4.8-kbp transcript is much
stronger than in the cell lines. In ARO, an additional transcript
is seen at about 2.1 kbp corresponding to the band seen in tes-
tis. Cell line NPA did not show expression of ZNF331
(Fig. 2B). Hybridization of a probe derived from the spacer
region of ZNF331 (174 bp, EcoRI fragment) on poly(A)+
Northern blots revealed two signals of approximately 4.0 and
4.8 kbp in normal thyroid tissue and normal fibroblasts
(Fig. 2C and 2D). In testis RNA, a strong band of 2.1 kbp was
detected. None of these transcripts was found in the two cell
lines with 19q aberrations, which instead expressed three dis-
tinct transcripts of about 3.4, 5.5 and 6.2 kbp (Fig. 2C). Hybrid-
ization of this probe on normal fibroblasts showed additional
weak signals at 5.5 and 6.2 kbp which were not detected by
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Fig. 1. Schematic genomic organization of ZNF331. Splice variants of ZNF331, three representative ESTs from the databases
and ZNF463 (Wu et al., 2001) are aligned above. For a clearer presentation we indicated the newly found exons by letters and kept
the numerical indication for the known exons (Rippe et al., 1999) and exon 5 has been graphically given the same size although EST
sequences did not fully cover this region. Squares and lines, respectively mark exons lying in duplicated regions. The nearly
identical exons 2 and F, representing the starting points of the duplicated regions, are presented in a lighter tone.

Fig. 2. Expression studies of ZNF331. (A) Northern blot analysis of
poly(A)+ RNA from various human tissues (MTN IV, Clontech, Palo Alto).
An expression of a 4.8-kbp transcript is seen in all tissues. Most tissues also
show a weaker expression of an approximately 4.0-kbp transcript. In testicu-
lar tissue, an additional band of 2.1 kbp is seen. (B) Northern blot analysis of
poly(A)+ RNA from normal thyroid tissue and thyroid carcinoma cell lines.
Two transcripts of about 4.0 and 4.8 kbp are seen in normal thyroid tissue
and cell lines TPC1, NIM1, FRO and ARO (lanes 2, 3, 5, 6). In ARO, an
additional transcript is seen at about 2.1 kbp. Cell line NPA (lane 4) shows no
expression of ZNF331. Compared to normal thyroid tissue (lane 1) the
expression of these transcripts is strongly reduced. The gel shift occurring
here was adjusted by consideration of ribosomal bands. (C) Northern blot
analysis of poly(A)+ RNA isolated from testis, normal thyroid tissue, cell line
S40.2T/SV40, and cell line S121T/SV40 revealing two transcripts of about
4.0 and 4.8 kbp, respectively, of different intensity in thyroid (lane 2). An
additional transcript of about 2.1 kbp is found exclusively in testis (lane 1).
Cell lines S40.2T/SV40 and S121T/SV40 (lanes 4, 5) express three distinct
transcripts of approximately 3.4, 5.5 and 6.2 kbp, respectively. (D) Compara-
tive Northern blot analysis of poly(A)+ RNA isolated from cultured normal
fibroblasts (lane 1) and cell line S121T/SV40 (lane 2) with fibroblasts show-
ing two transcripts of 4.0 and 4.8 kbp and additional weak signals at 5.5 and
6.2 kbp and cell line S121T/SV40 expressing three transcripts of 3.4, 5.5 and
6.2 kbp.
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using a probe containing the KRAB domain, spacer region, and
zinc finger domain of ZNF331 (data not shown). The 3.4-kbp
transcript was not detected in normal fibroblasts with either of
the probes and was thus solely found to be expressed in the cell
lines with 19q13 aberrations.

Genomic characterization
Alignment of cDNA sequences with genomic DNA allowed

the prediction of three transcription start sites for ZNF331
splice variants. Transcription start sites for ZNF331 and
ZNF331a, b, and c (Fig. 1) are supposed to be upstream of exon
1 indicating that these splice variants span about 23 kbp on the
genomic level. Further transcription start sites are most likely
about 16 kbp (ZNF331d, e) and 32 kbp (ZNF331f, g) upstream
the transcription start point for ZNF331 and ZNF331a, b, and
c. Taking this into account, at the genomic level ZNF331 spans
approximately 56 kbp.

Discussion

During the past ten years, the number of genes known to be
affected by recurrent chromosomal translocations in human
solid tumors has continuously increased. Interestingly, most of
these gene rearrangements have been found in tumors of mes-
enchymal origin, whereas only a few specific chromosomal
translocations have been described in epithelial tumors. Ac-
cordingly, the number of genes known to be affected by the lat-
ter aberrations is still low. The 19q13 translocations found in a
cytogenetic subgroup of thyroid follicular adenomas represent
one of the most frequent types of specific translocations in
human epithelial tumors if not even representing the most fre-
quent translocation at all. Chromosome 19 appears to be par-
ticularly enriched for zinc finger genes with ZNF loci distribut-
ed within three gene clusters corresponding to chromosomal
bands p12, q13.2 and q13.4 (Bellefroid et al., 1993; Shannon et
al., 1996). In KRAB zinc finger genes the KRAB domain
recently has been shown to function as a critical domain for
protein-protein interaction (Friedman et al., 1996; Kim et al.,
1996). Although these genes may theoretically be involved in
transcriptional activation or repression, all KRAB zinc finger
genes studied so far have been shown to act only as transcrip-
tional repressors (Margolin et al., 1994; Witzgall et al., 1994;
Vissing et al., 1995). Accordingly, engineered chimeric fusion
proteins consisting of KRAB domains combined with different
DNA binding domains of oncogenic transcription factors have
been shown to target their respective oncogene and specifically
inhibit malignant growth and suppress tumorigenesis (Freder-
icks et al., 2000; Nawrath et al., 2000). As altered expression of
such strong transcriptional repressors might well be the cause of
tumor development, we have put effort not only to elucidate
further the genomic structure of ZNF331 but also to extend our
knowledge about the expression patterns of ZNF331.

In various normal tissues, ZNF331 is expressed as two
transcripts of 4.0 and 4.8 kbp. An additional transcript of about
2.1 kbp is seen only in testis tissue (Fig. 2A). In papillary and
anaplastic thyroid carcinoma cell lines TPC1, NIM1, FRO, and
ARO, expression of the 4.0- and 4.8-kbp transcripts is seen.

However, compared to normal thyroid tissue, the expression of
these transcripts is strongly reduced. The anaplastic carcinoma
cell line ARO showed an additional transcript of about 2.1 kbp
as it is also seen in normal testis tissue. Cell line NPA showed
no expression of ZNF331 (Fig. 2B). These results are in con-
trast to the findings in follicular thyroid adenoma cell lines with
19q13.4 alterations. Here expression of three transcripts of
about 3.4, 5.5 and 6.2 kbp is seen (Fig. 2C) (Rippe et al., 1999).
However, the 5.5- and 6.2-kbp transcripts are also expressed at
a very low level in cultured cells of normal fibroblasts (Fig. 2D),
which was only detected by using a probe of ZNF331 contain-
ing only the spacer region. These spacer regions are known to be
highly variable and are often used to distinguish between differ-
ent members of the KRAB zinc finger gene family (Bellefroid et
al., 1993). Apparently, the spacer probe was more sensitive
than the probe containing the KRAB domain, spacer region,
and zinc finger domain because the latter probe gave no signal
at 5.5 and 6.2 kbp when applied to the fibroblast Northern blot.
Thus, only the 3.4-kbp transcript is solely expressed in follicu-
lar thyroid adenomas with the 19q13.4 aberration. The correla-
tion of expression of the 5.5- and 6.2-kbp transcripts and chro-
mosome 19q13.4 aberration must be reconsidered, as these
transcripts are also found in normal cultured fibroblasts point-
ing to an influence of cell culturing on the expression profile.
However, in thyroid adenoma cell lines, expression of these
transcripts is significantly stronger. In thyroid carcinoma cell
lines, ZNF331 transcripts differing from those found in the
normal tissues are not found. Here, expression of ZNF331 is
strongly reduced compared to normal thyroid tissue with the
molecular background behind this alteration still remaining to
be elucidated. Considering the different transcript sizes of
ZNF331 in follicular thyroid adenoma cell lines with 19q aber-
rations and thyroid carcinoma cell lines or normal tissues,
respectively, it could be deduced that expression of the 3.4-kbp
transcript is strongly associated with tumor type and involve-
ment of chromosome 19q13.4 alteration.

By performing RACE experiments, we found seven differ-
ent cDNAs coding for ZNF331. For a clearer presentation of
the results, we used letters to name the newly found exons and
kept the numerical indication of the exons described by Rippe
et al. (1999). The differences in the new cDNAs were found to
be only in the 5) UTR. 3) RACE experiments as well as data-
base research confirmed the previously described 3) end of
ZNF331 (Rippe et al., 1999). Four of these new cDNAs, i.e.
ZNF331d, e, f and g, contained a new exon (F) which is nearly
identical to the previously described exon 2. Genomic charac-
terization showed this 67-bp exon F lying about 17 kbp
upstream of exon 2. The genomic region surrounding exon F
with about 660 bp has a 93% homology to the region surround-
ing exon 2. Further sequence analyses of the genomic region
surrounding exon F showed a segment of about 1,300 bp to
have high homology to the corresponding region, i.e. exon 1,
intron 1 and exon 2 of ZNF331. An overall homology of about
90% is found between the two regions with a sequence segment
of about 500 bp lacking in the region surrounding exon F. It has
been discussed that the clustered localization of zinc finger pro-
teins results from duplication of genomic segments which was
supported by various repeat sequences lying in these regions i.e.
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pericentromeric and telomeric regions (Eichler et al., 1998).
Sequence homology of ZNF331d, e, f and g with ESTs from the
databases strongly indicates that these mRNAs represent rele-
vant transcripts.

In summary, we have characterized most of the genomic
structure of ZNF331. This KRAB zinger finger gene lies in close
vicinity to a frequent breakpoint region of follicular adenomas.
In thyroid adenoma cell lines with alterations in 19q13.4 expres-
sion studies revealed expression patterns different from those

seen in normal tissues, normal cultured cells, and carcinoma cell
lines. This is most likely the result of the structural aberration in
19q13.4 altering the transcription of ZNF331. The unique
expression of a 3.4-kbp transcript of ZNF331 in the tumor cell
with 19q13 alterations strongly supports the hypothesis that
ZNF331 is involved in the development of follicular adenomas.
The molecular characterization of the 3.4 kbp transcript as well
as a characterization of the promoter and functional analyses
remain to be performed in future studies.
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