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1 Preamble 
 

Cancer is a complex disease showing many different ways of manifestation, with 

several specific characteristics and a wide range of biological behaviour. Accordingly, 

various different cancer related mechanisms, pathways, and target genes have been 

characterised during the process of understanding the diseases. However, the 

gained knowledge and the resulting different therapeutic approaches have not shown 

to be able to solve the problem in total. The complexity of this challenge requires the 

combination of several disciplines like basic science, human and veterinary medicine, 

physicists and engineering to approach the respective tasks. The joining of these 

different expertises and their different ways to approach a problem lead to the 

creation of novel interdisciplinary ideas and strategies. Consequently, precondition 

for the implementation of such collaborations is -besides the necessary 

infrastructure- the honest will of the participants to really “live” the cooperation, to 

share results, and actively communicate with each other. As always, selfish 

intellectual narcissism and distrust are contra-productive and even destructive.  

The herein described work enrolled in an interdisciplinary environment being 

influenced by the participating disciplines and finally by the acting persons. Starting in 

the basic research field of molecular genetics the respective tasks / work-packages 

were targeted in national and international collaborations with human and veterinary 

clinicians, physicists, biochemists and many more.  

Together a few steps were taken, but obviously there are many more to come. 

 

 

 

H. Murua Escobar, in January 2011 
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2 Abbreviations 
 

aa  amino acid(s) 

AAV  adenoviral associated virus 

Acc.No. Accession number 

AML  acute myeloid leukemia 

ARF  (Syn. CDKN2A, INK4a) cyclin-dependent kinase inhibitor 2A 

ATF2  activating transcription factor 2 

AuNP  gold nanoparticle 

BAC  bacterial artificial chromosome 

bp  base pair(s) 

CCL19 chemokine (C-C motif) ligand 19 

CCNB2 cyclin B2 

CCR7  chemokine (C-C motif) receptor 7 

CD  cluster of differentiation 

cDNA  DNA complementary to RNA 

CDS   coding sequence(s) 

CFA  canis familiaris 

CML  chronic myeloid leukemia 

CRC  collaborate research cluster 

C-terminal carboxy-terminal 

CXCL12 chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) 

CXCR4 chemokine (C-X-C motif) receptor 4 

DAPI  4',6-diamidino-2-phenylindole 

DC  dendritic cell 

DFG  Deutsche Forschungsgemeinschaft / German Research Foundation 
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DNA  deoxyribonucleic acid 

EC  extracellular domain 

eGFP  enhanced green fluorescent protein 

ELISA  enzyme linked immunosorbent assay 

ERCC1 excision repair protein 

fs  femtosecond 

esRAGE endogenous secretory RAGE 

GFP  green fluorescent protein 

HAND1 heart and neural crest derivatives expressed 1 

hESC  human embryonic stem cell 

HMG  high mobility group 

HMGA1 high mobility group protein A1 

HMGA2 high mobility group protein A2 

HMGB1 high mobility group protein B1 

HMGN high mobility group N proteins 

HSA  homo sapiens 

HSV-TK  herpes simplex virus thymidine kinase  

hrGFP  humanized renilla green fluorescent protein 

IFN-β  interferone beta 

IFN-γ  interferone gamma 

Ig  immunoglobulin 

IL  interleucine 

IMP2  insulin-like growth factor-II mRNA binding protein 2 

INK4a  (Syn. CDKN2A, ARF) cyclin-dependent kinase inhibitor 2A 

IRES  internal ribosomal entry site 

kDa  kilo Dalton 
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KIAA0196 KIAA0196 gene 

MAP kinase mitogen activated protein kinase 

Mia/Cd-rap melanoma inhibitory activity/condrocyte-derived retinoic acid sensitive 

protein homolog 

miRNA microRNA 

mRNA  messenger ribonucleic acid 

ms  millisecond 

NCBI  National Center for Biotechnology Information 

NFκB  nuclear factor-kappa B 

nJ  nanojoule 

NKC  natural killer cell 

NSC  neural stem cell 

Oct4  (Syn. POU5F1) POU class 5 homeobox 1 

PABPC1 poly(A) binding protein, cytoplasmic 1 

PBMC  peripheral blood mononuclear cell 

PCR  polymerase chain reaction 

pEGFP-C1 plasmid encoding enhanced green fluorescent protein 

PDP1  pyruvate dehydrogenase phosphatase catalytic subunit 1 

PSA  prostate-specific antigene 

PSMA  prostate-specific membrane antigene 

qRT-PCR quantitative real time PCR 

RAGE  receptor for advanced glycation end products 

rHMGB1 recombinant HMGB1 

RNA  ribonucleic acid 

RNase ribonuclease 

shRNAi short hairpin RNA interfering 
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siRNA  small interfering RNA 

SNP  single nucleotid polymorphism 

Sox2  SRY (sex determining region Y)-box 2 

sRAGE soluble RAGE variant(s) 

THADA thyroid adenoma associated 

TLR  Toll-like receptor 

TM  transmembrane domain 

TNF-α  tumor necrosis factor-alpha 

TR 37  Transregio 37 

UTF1  undifferentiated embryonic cell transcription factor 1 

UTR  untranslated region 

WHO  World Health Organization 
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3 Introduction 
 
3.1 Comparative Oncology 
 
According to the latest available data of the World Health Organization (WHO) in 

2009, cancer accounted for 7.9 million human deaths in 2007 representing 13% of 

the total human deaths worldwide. Predictions of the WHO state that in 2030 this 

number will be increasing approx. 45% to estimated 12 million fatal casualties 

(http://www.who.int/cancer/en/). This calculation takes into account that in high 

resource countries a slight decline concerning death rates for some cancer types are 

expected. In the same period new cases of cancer are estimated to increase from 

11.3 million cases in 2007 to 15.5 million cases in 2030. Concurrently, the WHO 

states that 30% of these cancer cases could be prevented 

(http://www.who.int/cancer/en/). In veterinary medicine cancer is estimated to be 

affecting 1 in 3-4 dogs and 1 in 5 cats being one of the major reasons for death in 

companion animals(1-2). Therapeutic approaches in companion animals have lately 

been attracting considerable interest in research and human medicine due to the fact 

that the malignancies seen in veterinary patients resemble their human counterparts 

in many ways. This fact creates a scenario in which the gained results of basic and 

medical research are beneficial for both species. In this case achievements gained in 

one or the other species have direct beneficial effect for one species as patients and 

for the other providing “model system” data. These respective roles are to be 

understood in the context of cancer research in total, meaning that a “model function” 

of higher mammals completes the already used “classical” model animals e.g. rat and 

mice. Especially the dog has lately been focussed on in cancer research, as the 

neoplasias seen in canines show several characteristics that classical rodent model 

systems are lacking.  

The advanced medical care which is currently available for dogs is a key element in 

this context. In fact, dogs as patients take advantage of nearly the same procedures 

as human patients allowing a detailed surveillance of cancer, its progression and 

applied therapeutic approaches. Further, a major reason to use canine tumours to 

reveal mechanisms in cancer development and behaviour is the fact that the canine 

neoplasias arise spontaneously. This suggests that the mechanisms of development 

in these tumours could be more similar between man and dog compared with the 
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tumour mechanisms studied in rodents. Undoubtedly, mouse models have had major 

impact on cancer research and drug evaluation, but they miss some important 

characteristics of naturally occurring tumours which experimentally induced tumours 

or tumours transplanted into immunocompromised animals cannot provide. Canine 

tumours arise in individuals with an intact immune system in a syngenetic host and 

tumour microenvironment. Thus, the spontaneous development of the neoplasias 

occur with the background of an intact immune defence and tumour evasion. This 

allows studies of drug efficiency, tolerance and / or resistance in a natural context 

which is very hard to mimic in artificial or induced animals models.  

 

Dog and man share comparable environmental conditions including the exposure to 

hazardous agents and effects induced by nutrition. Cancer in canines is estimated to 

develop twice as frequently as in humans, and the presentation, histology and 

biologic behaviour including metastatic patterns of several canine cancer types is 

similar to their human counterparts. Various canine cancer types are described to 

progress more rapidly than their human counterparts and thus allow an easier 

monitoring of the tumour progression(1-6). Concerning the evaluation of novel 

therapeutic agents, trails done in companion animals have the advantage not to be 

subjected to classical phase I-3 legislations(7). Especially single-agent trails can be 

performed with much lower legislative restrictions. 

Currently, several canine cancers are considered to be appropriate models for their 

human counterparts as e.g. osteosarcomas, mammary carcinomas, lung carcinomas 

and malignant non-Hodgkin’s lymphomas(3, 5, 8-14). In this context prostate carcinomas 

are of considerable interest as the neoplasia seen in dogs represents the only 

spontaneously occurring animal model for the human malignancy(15).  

In the herein presented work one of the two major aspects was the further 

characterisation of canine prostatic neoplasias including cyto- and molecular genetic 

methodologies and the development of an in vitro and in vivo model as well as 

therapeutic approaches.  
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3.2 Prostate Cancer  
 

In their report “Cancer Statistics, 2009” the American Cancer Society estimated the 

number of newly diagnosed prostate cancer cases affecting men in 2009 with 

192,280 for the US. Thus, prostate cancer is the leading cause of new cancer cases 

in men representing 25% of the 766,130 new cases in total even outnumbering lung 

& bronchus and colon & rectum neoplasias(16). In Europe, 345,900 cases of prostate 

cancer were diagnosed representing 20.3% of all cases in 2006(17). The mortality 

rates were estimated with 27,360 for the US and 87,400 for Europe representing 9% 

and 9.2% of all prostate cancer cases respectively. According to the World Health 

Organization this cancer is strongly related to western lifestyle and thus clearly 

depending on environmental factors (http://www.who.int/cancer/en/). Even though the 

canine tumours show a lower incidence than their human counterparts, the calculated 

number of affected dogs is currently approx. 60,000-180,000 in the US, 6,000-18,000 

in the UK, and 5,300-15,900 in Germany(18). The average age at which prostatic 

carcinoma appears in dogs is approximately ten years, thus affecting predominantly 

elder individuals, as is the case in men(19-20). In both species, adenocarcinomas of the 

prostate are an invasive disease, showing a comparable histopathology and similar 

metastatic patterns affecting distant regions by the haematogenic or lymphatic 

system(1, 5). Akin to its human counterpart, canine prostatic cancer varies over a 

broad range with respect to its clinical behaviour. But contrary to the situation seen in 

man, prognostic tools, allowing an early detection of the disease, are missing in dogs.  

 

In humans prostate-specific antigen (PSA) is a currently used marker for the 

detection of early state prostatic cancer and thus is widely used in a preventive 

manner for early diagnosis of these neoplasias. The canine prostate luminal cells do 

not secrete PSA as their human counterparts do, instead arginine esterase is 

secreted, which is considered to be the canine equivalent of the human PSA(21-23). 

Despite of this missing “canine PSA”, screening approaches using antibodies against 

human PSA showed positive immunocrossreactivity in canine tumour samples(24-27). 

However, proof for specific binding of available human anti-PSA antibodies 

specifically detecting a molecule showing the PSA molecular mass of 26-28 kDa(28) 

via Western Blot is still missing for the dog(29). Supporting this missing canine PSA 

protein proof, searching the NCBI database (http://www.ncbi.nlm.nih.gov) in April 
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2010 for canine PSA nucleotide- or protein sequences yielded negative results, 

although the canine genome was sequenced twice and several genes and proteins 

were predicted in silico(30-32). Additionally, a specific antibody for the canine PSA-

equivalent arginine esterase is currently not available(29), and thus a PSA-like 

screening of dogs is not possible at the moment.  

Similar is the situation for the prostate-specific membrane antigen (PSMA), which as 

a marker is also used in humans, but the data referring to canine prostate cancer are 

rare. Comparative expression analyses in prostate tissues of mouse, dog, and 

macaque monkey using real time PCR showed that PSMA is not expressed 

significantly(33). Otherwise histopathological and immunohistochemical analyses of 20 

canine prostate carcinoma samples showed positivity for PSMA in 50% of the 

cases(27). However, up to date, markers allowing an early detection of the canine 

neoplasia or the prediction of its malignant potential are still missing. Thus the 

identification of such a marker would be of special interest for the development of a 

therapeutic approach in dogs.  

Due to missing predictive tools, no standard diagnostic and therapeutic approaches 

allowing an early detection of canine prostatic carcinomas have been established so 

far. Thus, the therapy in most cases remains palliative(24), which, in combination with 

the high malignancy of the tumours, leads to a poor prognosis for canine patients(18, 

29).  

Consequently, molecular markers allowing a valid prognosis of canine prostatic 

cancer in combination with a stable in vitro and in vivo model of the canine neoplasia 

would be of considerable interest.  

 

3.3 The High-Mobility-Group Protein A Family and Cancer 
 

The members of the High-Mobility-Group Protein A family (HMGA1 and HMGA2) 

may serve as such an indicator allowing an early diagnosis of canine prostate cancer. 

High mobility group proteins were named initially according to their electrophoretic 

mobility in the electric field. These proteins are small chromatin associated non-

histone proteins, which are currently classified according to their specific functional 

sequence motifs into three families: the HMGA (functional motif “AT-hook”), HMGB 

(functional motif “HMG-box”), and HMGN (functional motif “nucleosomal binding 

domain”) protein families(34). By binding DNA with their functional motifs, HMG 
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proteins induce DNA conformation changes influencing the binding of various 

transcription factors and thus taking indirect influence on transcription regulation as 

so called “architectural transcription factors”(35).    

Four human members of the HMGA protein family are currently known: HMGA1a, 

HMGA1b, HMGA1c, and HMGA2. The respective proteins encode three functional 

AT-hook domains located at the amino-terminal region, which preferably bind to the 

minor groove of AT-rich B-form DNA. The human HMGA1 gene is located on the 

human chromosomal band HSA 6(p21) encoding -by alternative splicing- the well 

characterised HMGA1a and HMGA1b proteins (formerly known as HMGI and HMGY) 

and the barely characterised HMGA1c variant, while the HMGA2 (formerly known as 

HMGI-C) protein is encoded by a separate gene on chromosome 12(q14-15)(36).  

The majority of the data characterising the functional activities of these proteins was 

reported for HMGA1a, HMGA1b, and HMGA2. The role of HMGA1c is currently still 

barely understood, however some data suggest that it plays a role in the activity of 

the retinoic acid receptor(37). The canine HMGA1 cDNAs and proteins were 

characterised previously to the herein presented work revealing that the canine 

HMGA1a and HMGA1b cDNAs and proteins are highly conserved across 

mammalians(38). A further detailed gene and protein characterisation was performed 

in this work and will be referred on later. Partially, the canine HMGA2 cDNA was 

characterised during this work including the protein coding sequence and large parts 

of the 3’UTR.  

 

The HMGA induced DNA conformation changes influence the transcriptional and up- 

and down-regulation of a number of target genes -e.g. ATF2, IFN-β, NF-κB, 

Interleukin-2 receptor, E-Selectin, Interleukin-4, Interferon-A, ERCC1, Cyclin A, 

CCNB2, HAND1, Mia/Cd-rap, Imp2 and, the insulin receptor- and thus are described 

to participate, besides the regulation of inducible gene transcription, in integration of 

retroviruses into chromosomes, the induction of neoplastic transformation and the 

promotion of metastatic progression of cancer cells(39-56). Lately, stem cell and 

pluripotency research has focussed intensively on HMGA2 as the gene was 

described to be highly expressed in human embryonic stem cells (hESC) being a key 

regulator of the developmental gene UTF1(57, 58) which itself is regulated by the well 

known stem cell markers Oct4 and Sox2(59, 60). Accordingly small interfering RNA 

(siRNA) mediated knock down of HMGA2 resulted in immediate down regulation of 
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UTF1, Oct4 and Sox2(58). Consequently, HMGA2 is supposed to regulate the stem 

cell marker gene expression of Oct4 and Sox2 and thus be considered as a marker 

itself(61).  

Besides the regulation of pluripotency, HMGA2 was described to be a defining factor 

for neural stem cell (NSC) ageing and renewal by regulating INK4a/ARF mediated 

cell ageing. In fetal and early NSCs, high levels of HMGA2 mediate the repression of 

the INK4a/ARF effects. During NSC ageing HMGA2 itself gets down regulated 

allowing an increase of INK4a / ARF(62). HMGA2 expression is regulated via the let-7 

microRNA (miRNA) family(63), and coevidently the down regulation of HMGA2 in the 

ageing NSCs was accompanied by increased let-7-b expression(62). Consequently, 

HMGA2 and let-7 miRNAs are considered to be a key element in stem cell ageing 

and regulation of pluripotency(61, 64). 

Besides the role in stem cells in general, HMGA expression was described to be 

detectable only at very low levels or even absent in most adult tissues, whereas it 

was described to be abundantly expressed in embryonic cells(65-66). Re-expression or 

up-regulation of the proteins of the HMGA genes were long time well known to be 

associated with various human diseases including cancer. As mentioned above, let-7 

miRNAs play a crucial role in HMGA expression regulation. The binding sites for 

these miRNAs are located in the 3’ untranslated region (UTR) of the genes, which 

was described to be the determining region for transcription regulation(67). Thus, 

structural aberrations affecting the let-7 binding sites or the expression itself could 

explain the HMGA deregulations in tumours.  

In fact, in human benign mesenchymal tumours, the chromosomal regions carrying 

the HMGA genes on HSA 6(p21) and HSA 12(q14-15) are often affected by 

aberrations e.g. in lipomas, uterine leiomyomas, pulmonary chondroid hamartomas, 

pancreatic adenomas and endometrial polyps(68-75). In contrast to the benign tumours, 

HMGA expression in malignant epithelial tumours is described to be associated with 

aggressive behaviour of the tumours. Thus, an over-expression of HMGA was 

reported for a number of human malignancies including thyroid, lung, pancreatic, 

cervical, breast, ovarian, liver, colorectal, neuroendocrine, testicular and prostatic 

cancer(76-95). 

Early evidence concerning possible responsible mechanisms involved in the HMGA 

expression deregulation were found by Wang et al. in 2007 indicating that a let-7 

miRNA deregulation could be playing a crucial role in benign tumours as uterine 
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leiomyomas(96). This was followed by several reports connecting let-7 miRNA 

deregulations with benign and malign tumours as well as neoplastic transformation 

e.g. breast and gastric cancer as well as pituitary adenomas, lipomas, 

retinoblastomas, uterine leiomyosarcomas, and gastroenteropancreatic 

neuroendocrine tumours(74, 95, 97-102).  

Consequently, first approaches to inhibit proliferation of cancer cells by interfering in 

let-7 miRNA-HMGA2 interaction were performed recently in vitro and in vivo targeting 

uterine leiomyomas, non-small cell lung cancer, and breast cancer(97, 103-105). 

However, the idea to use HMGA suppression as therapeutic approach was 

introduced already nearly ten years ago by a set of in vitro experiments involving 

HMGA sense and antisense transfection assays. HMGA positive thyroid (e.g. ARO) 

and colon (e.g. LoVo) cancer cells showed a significant inhibition of cell growth and 

high cytotoxic effects after adenoviral transfection with HMGA antisense vectors. 

Transfections with the same vectors targeting HMGA negative thyroid cells (e.g.THC-

2) did not show inhibition of cell growth and no cytotoxic effects. An experimental 

approach aimed at the down-regulation of HMGA protein in tumours was presented 

by Scala et al. (2000) who were able to show that a HMGA antisense strategy using 

an adenoviral vector treatment of tumours induced in athymic mice caused a drastic 

reduction in tumour size(106). Additionally short hairpin RNA interfering (shRNAi) 

vector mediated knock down of HMGA2 expression resulted in growth inhibition and 

apoptosis of engrafted ovarian carcinomas in nude mice(107).  

In dogs, first gene therapeutic approaches targeting canine adenocarcinomas and 

hyperplasias of the prostatic gland were performed in the last years(108, 109) focussing 

mainly on methodical aspects for an effective vector application. Factors like specific 

activity of different promotors, improved spreading of the applied vector, tissue 

penetration, and optimisation of vector application strategies were evaluated(108-114). 

First gene therapeutic steps have been carried out targeting the herpes simplex virus 

thymidine kinase (HSV-TK) suicide gene to induce highly selective molecular ablation 

of epithelial cells in canine prostate(115).  

 

In summary, due to the described similarities between canine and human prostatic 

neoplasias in terms of presented tumour biology and marker gene expression a 

successful therapeutic approach established in dogs would be of great value for both 

species. Precondition is the establishment of suitable tools, allowing the evaluation of 
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methodical approaches in vitro and in vivo bearing the advantages that characterise 

the canine spontaneously occurring neoplasia. Major difficulty in this scenario is the 

low incidence of canine prostatic cancer and thereby the limited amount of starting 

material for research approaches. Thus, the establishment of cell lines and their 

characterisation represents a powerful tool for the implementation of a comparative 

oncologic approach. During the herein presented work the establishment of a canine 

prostatic cancer model was realised and studied in vitro and in vivo in close touch 

and cooperation with molecular- and cytogenetic researchers and human and 

veterinary clinicians. Further, the basic development of a gene therapeutic approach 

targeting HMGA gene expression was realised and is currently being evaluated.  

 

3.4 The High-Mobility-Group-Box1 (HMGB1) Protein  
 

The second major topic of the presented work is based on a further member of the 

HMG protein family – HMGB1. Akin to the HMGAs, the high-mobility-group-Box1 

protein (HMGB1, syn. amphoterin or HMG1) was also described to be over-

expressed in some tumour entities as adenocarcinomas(116), breast cancer(117), 

gastrointestinal stromal tumours(118), malignant melanomas(119), prostate 

carcinomas(120), osteo- and fibrosarcomas(121), in leukaemia cell lines(122), and non-

Hodgkin lymphoma(123). However, the gene does not show the strong tumour marker 

characteristics seen in HMGAs. Contrary to the HMGAs, HMGB1 was described to 

be expressed ubiquitously in various tissues(34, 124) and akin to the HMGAs it was 

classified as architectural transcription factor acting as DNA-binding protein 

participating in nucleosome complexes(35). In its role as nuclear protein, HMGB1 was 

described to be a key player in DNA repair taking part in nucleotide excision repair, 

mismatch repair, base excision repair, and nonhomologous end-joining(reviewed in 125). 

The acting mechanisms are currently not completely understood, but in terms of 

nucleotide excision repair, two hypotheses are currently supported describing a 

“repair shielding” and a “repair enhancing” activity of the protein. In terms of cancer 

the “repair shielding” activity has been attracting considerable interest as it was 

shown by several groups that HMGB1 binds preferentially DNA-cisplatin adducts(126, 

127). Thereby HMGB1 shows a sensitising effect on cancer cells to cisplatin by 

shielding the DNA-cisplatin adducts from nucleotide excision repair(128-130). He et al. 

showed that in oestrogen receptor positive human breast cancer cells, oestrogen can 
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significantly increase the effect of cisplatin by causing an over-expression of HMGB1. 

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

therapy may sensitise the cancer cells in adequate tumours against the drug(129).  

Besides the function as architectural transcription factor HMGB1 was also described 

to be localised in extracellular matrix where HMGB1 mediates various effects via an 

interaction with membrane receptors as the receptor for advanced glycation end 

products (RAGE)(131) and the Toll-like receptors (TLR)-2, -4 and -9(132-134).  

As ligand of RAGE it was shown to have significant influence in metastasis and 

cancer by activating key cell signalling pathways such as MAP kinases and NF-

kappa-B(135-138). Taguchi et al. were able to show that blocking of this complex by 

using a soluble variant of the receptor lacking the cytosolic and transmembrane 

domains strongly inhibited the metastatic behaviour of glioma cells in terms of 

invasive growth, motility and migration as well as that the administration of HMGB1 

antibodies prevented the metastasis formation by implanted Lewis lung tumour cells 

in mice(135). 

The induced effects by TLR signalling enable cells of the innate immune system to 

respond to various exogenous and endogenous stimuli resulting in cell activation and 

transcription of proinflammatory cytokines(139). Interestingly, recent data indicate that 

DNA dependent TLR activation is mediated by RAGE and HMGB1 indicating a close 

relationship between these three proteins(134). 

Currently two main mechanisms are described how HMGB1 is released into the 

extracellular matrix. Passively, HMGB1 can be set free by necrotic or damaged cells 

whereas cells undergoing apoptosis were in majority reported to be unable to secrete 

HMGB1, as the protein was found to stay tightly associated to the chromatin(140, 141). 

However, in some cases apoptotic cells seem to still release small amounts of 

HMGB1(142). 

Activated cells of the immune system e.g. monocytes, macrophages, pituicytes, 

dendritic cells (DCs) and natural killer cells (NKCs) are able to release HMGB1 

actively in response to inflammatory stimuli causing cellular responses as 

inflammation, sepsis, development of acute lung injury and stimulation of cytokine 

expression and secretion(143-148). Analyses of the HMGB1 release kinetics revealed 

that the protein is released showing a “delayed” pattern being detectable 8-20h post-

stimulation by cytokines as TNF-α, IL1β, IL-6, and INF-γ as well as endotoxin or 

bacterial infection(144, 149-151). Due to the fact that HMGB1 itself is capable to stimulate 
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macrophages to release TNF-α(145), an “autocrine-loop”-scenario can result in which 

an HMGB1-triggered potentiating of the inflammatory processes including septic 

shocks can be observed. Accordingly, the use of monoclonal HMGB1 antibodies 

could prevent septic shocks reducing mortality in rodent animal models(151, 152).  

The central function of HMGB1 in immune response and inflammation combined with 

the described interaction with RAGE offers several interesting perspectives for the 

establishment of therapeutic approaches based either on blocking of the respective 

complexes -as described above- or by taking advantage of the inflammatory potential 

for immunotherapeutic strategies. For the latter way an interesting factor is the 

relationship of HMGB1 and RAGE with dendritic cell maturation and migration. Both 

proteins were described to be requested for the maturation of different types of DCs 

and further that blocking of the HMGB1-RAGE complex resulted in inhibition of this 

process(153-155). Akin to the maturation dependence the DC migration was also 

reported to be dependent on the interaction of RAGE and HMGB1. In this context the 

capacity of DCs to secrete HMGB1 by themselves resulting in the mentioned 

“autocrine-loop” plays a significant role. The exposure of DCs to HMGB1 leads to a 

remodelling of the actin-based cytoskeleton accompanied by an up-regulation of 

chemokine receptors, e.g. CCR7 and CXCR4. These chemokine receptor 

expressions mediate the ability of the DCs to migrate in response to respective 

chemokine receptor ligands as CCL19 and CXCL12. Accordingly, blocking the 

RAGE–HMGB1 complex by antibodies for one of the partners resulted in missing up-

regulation of the chemokine receptors leading to the loss of the migrative ability(154, 

156). Thus, Manfredi et al. showed that DC migration to the lymph nodes is mediated 

by RAGE in vivo(155). This data is in accordance to previous reports that the HMGB1-

RAGE complex plays a crutial role for DC mediated clonal expansion and functional 

polarisation of naive T-cells(156, -157).  

 

In summary, the described properties of the RAGE-HMGB1 complex in combination 

with the mentioned characteristics of canine tumours -in terms of comparability to 

human neoplasias- offer several possibilities for the development of therapeutic 

approaches in cancer research bearing benefit for human as well as veterinarian 

patients. During the herein presented work an interdisciplinary project with 

participating parties of human and veterinarian medicine, physicists, and molecular 

biologists was designed. This was set during the application phase for a collaborate 
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research centre / Transregio 37 (CRC / TR37) in 2006. The project aimed at the 

development of an immunotherapeutic approach based on the generation of 

recombinant HMGB1-secreting DCs showing superior immunostimulatory potential. 

The goals were to establish a high throughput femtosecond laser (fs) based 

transfection method for canine haematopoietic stem cells, thereby the introduction of 

HMGB1 expression plasmids, further the maturation of the transfected cells to DCs, 

the application in dogs, and finally the characterisation of the migrative pattern of the 

applied DCs in vivo. The CRC / T37 was funded in early 2007 and is currently 

ongoing. 
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5 Results and Discussion 
 

In cancer research two major ways are currently used to characterise the 

mechanisms involved in tumour biology. On one hand, classical cytogenetic analyses 

are used to identify structural and numerical aberrations on chromosomal level 

allowing the characterisation of tumour specific recurrent aberrations. These 

microscopic analyses provide a kind of “overview” on the chromosomal changes in 

the respective tumour cells thereby identifying the affected chromosomes or 

chromosomal regions. On the other hand, molecular genetic analysis allows the 

detailed characterisation of gene structures and their tissue specific expression 

patterns. The detailed knowledge about the structural and functional properties is 

precondition to identify aberrations and mutations affecting the respective genes and 

their functionality. The tools provided by molecular genetics as e.g. BAC-libraries, 

cDNA-libraries, Microarrays etc. play a key role in the detailed characterisation of the 

found aberrations and mutations on molecular level. Undoubtedly, both ways 

independently have had major impact on the development of cancer research. 

However, the combination of both research fields allows several new possibilities as 

e.g. the physical mapping of genes and thereby the direct identification of the genes 

affected by chromosomal aberrations. In fact, a complete new field has emerged 

which understands itself as “Molecular Cytogenetics” developing novel methods as 

e.g. fluorescence in situ hybridisation (FISH), comparative genomic hybridisation 

(CGH) and chromogenic in situ hybridisation (CISH). Consequently, current cancer 

research approaches include these three major fields in combination to answer the 

arising questions.   

The following results were generated in the described three areas combining the 

different expertises of the mentioned genetic research fields with interdisciplinary 

expertises of clinicians, chemists, engineers, physicists, and many more. 
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5.1 Cytogenetic analyses in comparative oncology 
 
XVI.: Reimann-Berg N et al., Cancer Genet Cytogenet. 2008;183(2):114-6 

XI.: Soller JT et al., Mol Cytogenet. 2008; 3;1(1):11 

IV.: Winkler S et al., Anticancer Res. 2005; 25(6B):3995-8 

 

Tumours in companion animals –specially in dogs- have lately been focused 

intensively in cancer research, as the neoplasias seen in canines show several 

similarities to neoplasias observed in humans as e.g. the presentation, histology and 

biologic behaviour including metastatic patterns(1). Accordingly, several canine 

cancers are considered to be appropriate models for their human counterparts, 

among those osteosarcomas, mammary carcinomas, oral melanomas, lung 

carcinomas and malignant non-Hodgkin’s lymphomas(3, 5, 8-14).  

According to the "Mitelman Database of Chromosome Aberrations and Gene Fusions 

in Cancer (2010)” (http://cgap.nci.nih.gov/Chromosomes/Mitelman) clonal 

chromosomal aberrations have been described in more than 57,700 human 

neoplasms. Thereby, the identification of recurrent chromosome abnormalities in 

malignant cells provides opportunities to increase the possibilities for diagnosis, sub-

classification and prognosis of the respective neoplastic disorders. As dogs are 

exposed to the same environmental influences as humans, it is not surprising that 

considerable pathophysiological similarities are shared by humans and dogs 

including cancer. However, due to the difficult canine karyotypic pattern, cytogenetic 

studies of canine cancer are still rare. The canine karyotype consists of 76 

acrocentric autosomes which are similar in size and pattern and of the metacentric X- 

and Y-chromosomes. However, using high quality banding it is possible to determine 

the whole karyotype and thus to characterise structural and numerical aberrations(158, 

159). Consequently, cytogenetic cancer analyses in dogs are constantly increasing 

reporting the characterisation of chromosomal aberrations in canine tumours. 

In this context the cytogenetic analyses allowed the identification of structural and 

numerical aberrations in the analysed neoplasias -combined with the gained data of 

the canine genome sequencing- facilitate the identification of affected candidate 

genes or gene cluster. Thus, cytogenetic analyses and gene mapping are key 

features in comparative oncology. 

During the cytogenetic studies by Winkler et al.(160), four canine bone marrow 

samples of three centroblastic stage IV and V lymphomas and an immunoblastic B-
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cell stage V lymphoma were analysed revealing several cytogenetic numerical 

aberrations and occasionally structural aberrations. The analysed metaphases 

preparations showed that both centroblastic stage IV lymphomas and the 

immunoblastic B-cell stage V lymphoma were characterised by a comparatively 

stable number of chromosomes varying from 75 – 80 chromosomes per metaphase. 

In contrast, the stage V centroblastic lymphoma showed hyperdiploid karyotypes with 

the presence of 84 – 87 chromosomes. Interestingly, gain and loss of CFA 13 

material was frequently seen. As referred later in point “5.2”, in general cytogenetic 

aberrations involving CFA 13 have frequently been described in canine neoplasias.   

Previous to the here described work a potential candidate gene spanning the 

chromosomal breakpoint of HSA 2(p21) in human thyroid adenomas was described 

by Rippe et al.(161). Later we mapped the canine thyroid adenoma associated gene 

(THADA) counterpart to CFA 10(q25)(162). This canine chromosomal localisation is 

not reported to be a hotspot of canine chromosomal aberrations. However, as canine 

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

cancers for canine THADA fusion and or truncated transcripts could be of value to 

reveal on molecular genetic basis if these transcripts play a role in canine neoplasias.  

Recently, we were able to report for the first time a case presenting a dog with a 

phenotypically and cytogenetically well confirmed Klinefelter syndrome (karyotype 

79,XXY) associated with a testicular tumour(163). In humans, a higher risk for the 

development of testicular cancer is reported in patients with Klinefelter syndrome(164). 

However, while data describing this syndrome in dogs are still rare, the association 

found between the 79,XXY karyotype and the testicular tumour underlines the value 

of canine neoplasias as naturally occurring model for their human counterparts. 

Further, we analysed canine prostate tumours cytogenetically, revealing structural 

and numerical aberrations(165, 166). These data will be discussed in point “5.2” in 

context of the establishment of a canine model for prostate cancer. 
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5.2 Establishment of a canine model for prostate cancer  
 

Canine prostatic cancer represents a unique naturally occurring model for human 

prostate malignancies. As described previously, the canine neoplasia resembles its 

human counterpart in many ways, but some key aspects as e.g. PSA as prognostic 

marker are not existent in dogs and are thus not represented by the model. Also, only 

0.2%–0.6% of the malignancies seen in dogs(1) affect the prostate. Taken together 

the circumstances provide a good model-system for prostate cancer research, but 

with limited availability. However, the development of therapeutic approaches 

depends on the availability of well characterised models that resemble the primary 

malignancies of the species compared as close as possible. Thus, the dog as patient 

benefits directly from an accessible model of canine prostate cancer while the 

generated data also serves as valuable model-data-set for human medicine. In this 

context the identification of prognostic markers covering both species is of 

considerable interest.  

Herein, canine prostate tumours were characterised cytogenetically(165, 166), the 

canine prostatic carcinoma cell line CT1258 was established(167), and used for the 

establishment of an in vivo model for canine prostatic cancer in NOD-SCID mice (168). 

Further, HMGA genes and proteins were characterised(169-171) and evaluated as 

prognostic markers for canine prostatic malignancies(91). Finally, a gene therapeutic 

approach was established in vitro targeting HMGA re-expression in CT1258 by 

application of adenoviral associated viruses (AAVs) carrying HMGA-antisense 

constructs(172). These efforts resulted in the granting of a project entitled 

„Establishment of an adenoviral associated virus (AAV) mediated gene therapeutic 

approach for canine prostatic carcinomas“ (NO 299/ 9-1) by the German Research 

Foundation (DFG) which is currently ongoing.    
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5.2.1 Cytogenetic analyses of canine prostate tumours  
 
III.: Winkler S et al., J Hered. 2005; 96(7):782-5 

VI.: Winker S et al., Cancer Genet Cytogenet.2006; 169(2):154-8 

XXIII.: Reimann-Berg N et al., Cytogenet Genome Res. 2011; 132(1-2):16-21 

 

The primary tumour samples used for the cytogenetic characterisations showed 

when cultivated a moderate(165, 166) or high proliferation rate(167). The number of 

chromosomes (CFA) showed a broad range varying from hypodiploid karyotypes with 

61 chromosomes to hyperdiploid karyotypes showing up to 131 chromosomes. 

Several structural and numerical aberrations were observed as e.g. centric fusions 

and the presence of tumour specific marker chromosomes. The canine chromosome 

13 appeared to be frequently involved in these aberrations and thus points to a major 

role of CFA 13 in canine prostatic neoplasias. In general, cytogenetic data of canine 

neoplasias are rare –probably due to the complicated karyotype consisting of 76 

similar autosomes and the two heterosomes- but involvement of CFA 13 was 

reported in different canine cancer types including osteoid sarcoma, mammary 

carcinomas, lymphomas and lymphosarcomas(10, 160, 173-175). The construction of a 

canine chip for CGH by Thomas et al. allows the analysis of gain or loss of genomic 

material and thus completes the tools of classical and molecular cytogenetics(10). 

However, CGH analyses are limited in the case of detection of balanced 

chromosomal translocations not associated with gain or loss of chromosomal 

material. Nevertheless, CGH provides a helpful tool and accordingly Thomas et al. 

were able to show that the gain of canine chromosome 13 was the most commonly 

observed aberration in canine multicentric lymphomas(11). Due to the limited 

accessibility of the non-commercial chip canine CGH analyses are currently rare and 

thus CGH data concerning canine prostatic carcinomas have not been published. 

Lately a commercial canine CGH Chip was released and thus raising data involving 

CGH analyses in canines is very likely to be expected. However, the canine CFA 13 

was reported to share homology to the terminal region of human chromosome 8 

(q22.1~qter)(176). This chromosomal region and in detail gain of HSA 8q was 

estimated to be one of the frequent alterations in human prostate cancer promoting 

the progression of the disease(177-180). These results suggest that the chromosomal 

regions HSA 8q and consequently the CFA 13 contain genes which could promote 
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tumour development. Gene expression studies revealed that three genes located at 

HSA 8 (PDP (q22.1), PABPC1 (q22.3), and KIAA0196 (q24.13)) were significantly 

over-expressed in prostate cancer when compared to “healthy” prostate tissue and 

thus were suggested as putative progression markers for human prostate cancer(181).  

Besides the involvement of CFA 13 in the herein analysed cases, the primary tumour 

and the cell line derived from it (CT1258) showed the presence of centromeric 

fusions involving CFA 1 and CFA 5 as well as centric fusions of CFA 4 and CFA 5. 

Additionally, a characteristic large biarmed marker was found consisting of material 

from CFA 1 and CFA 2(167). The subcutaneous (sc.) and intraperitoneal (ip.) injection 

of CT1258 in NOD-SCID mice resulted in an extremely aggressive tumour growth 

pattern when applying 5x105 to 1x106 cells. Further, the cytogenetic analyses of the 

induced tumours showed complex karyotypes with the presence of the previously 

described characteristic marker chromosome containing material of CFA 1 and CFA 

2. The presence of the marker chromosomes and the highly aggressive growth rate 

suggest that the induced tumours resemble the primary tumour providing an in vivo 

model for canine prostatic cancer closely resembling the original malignancy167). 

Currently ongoing studies using CT1258 showed that even the application of 1x103 to 

1x104 cells sc. in NOD-SCID mice induces rapid tumour growth (unpublished data).  

 

5.2.2 HMGA as prognostic marker and therapeutic target in canine prostate 
cancer  

 
X.: Winkler S et al., Cancer Genet Cytogenet. 2007; 177(2):98-102 

XV.: Fork M et al., BMC Cancer. 2008; 15;8:240 

XXI.: Soller JT et al., (Submitted Cancer Gene Therapy, reviewed in correction) 

 

As described previously in contrast to the situation seen in humans the availability of 

prognostic markers for canine prostatic cancer is limited. Thus, the identification and 

evaluation of such markers are of considerable interest for diagnostic and therapeutic 

approaches in veterinary medicine.  

In this context HMGA genes and proteins could provide such a tool. As mentioned 

before, their expression is detectable only at very low levels or is even absent in most 

adult tissues, while being abundantly expressed in embryonic cells(65, 66). Re-

expression or up-regulation of HMGA expression was described in several malignant 
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epithelial tumours being associated with aggressive behaviour of the tumours. 
Accordingly, for a number of human malignancies, HMGA re-expression was 

reported including thyroid, lung, pancreatic, cervical, breast, ovarian, liver, colorectal, 

neuroendocrine, testicular and prostatic cancer(76 -95). 

The similarities of human and canine prostatic cancer were the impetus to analyse 

the value of HMGA expression as prognostic marker in these canine neoplasias as 

performed by Winkler et al. 2007(91). Four non-neoplastic tissues, three hyperplasias, 

three cysts, one anaplastic carcinoma and five adenocarcinomas were screened for 

HMGA2 expression. The obtained expression data showed that expression of 

HMGA2 is low in non-neoplastic tissues and rises in the analysed benign lesions. 

The analysed cysts and hyperplasia showed intermediate values which increased to 

at least a 19 fold in the analysed carcinomas. The carcinomas showed a quantity of 

beyond 50,000 transcripts per 250 ng total RNA, while the expression rates observed 

in the non-malignant tissues ranged below this value(91). HMGA2 expression 

analyses in tumours induced by CT1258 application in NOD-SCID-mice revealed that 

the expression level of HMGA2 in the induced tumours was nearly identical to the 

levels found in the cell line prior to injection (unpublished data). Combining our data 

with the data presented by Diana et al.(182) for human prostatic cancer strongly 

indicates that HMGA2 expression can be considered as a prognostic marker for the 

neoplasias of both species. Due to the missing prognostic tools in veterinary 

medicine and the existence of PSA-screening in human diagnostics, the value of the 

HMGA2 marker is of considerable value for veterinary medicine.  

 

Besides the marker characteristics, HMGA genes and proteins have been attracting 

considerable interest as therapeutic targets. As described previously, knock down of 

HMGA expression using HMGA-antisense constructs carrying viruses resulted in 

significant inhibition of cell proliferation and tumour growth in vitro and in vivo(106). 

Due to the missing of a satisfying therapeutic and surgical option for the treatment of 

prostatic cancer in dogs, a project was herein set up aiming at the development of a 

gene therapeutic approach involving an antisense mediated knock down of HMGA in 

the established model of canine prostate cancer. The efforts resulted in the 

construction of several types of adeno-associated virus particles (AAVs) carrying 

either HMGA1 or HMGA2 antisense constructs. Application of these AAVs resulted in 

significant dose dependent inhibition of CT1258 cell proliferation in vitro. Interestingly, 
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the strongest effects were achieved using a combination of HMGA1 and HMGA2 

antisense AAVs. Further, two different types of antisense constructs were used; one 

type covering the protein coding sequence (CDS) of the respective target gene and 

an additional type covering besides the CDS large parts of the respective 3’UTRs. 

The proliferation inhibiting efficiency was higher for the AAV-particles carrying the 

respective long antisense constructs(172). A possible explanation for this fact could be 

the presence of the let-7 binding site in the AAV covered 3’UTR parts which, as 

described by Lee & Dutta(63) significantly regulates the expression of HMGA2. Our 

results combined with the described HMGA antisense approaches and the recently 

performed first approaches using let-7 to inhibit proliferation of cancer cells(97, 103-105) 

provide a solid base for the further development of a gene therapeutic approach for 

canine prostate cancer.  

Consequently, the currently ongoing work packages cover the transfer of the results 

gained in vitro to an in vivo setting in NOD-SCID mice and the introduction of let-7 

based HMGA knock down in the established model of canine prostatic cancer.  
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5.3 HMGA Basic Research – providing basic knowledge for the 
establishment of therapeutic approaches 

 

The previously described establishment of a model for canine prostate cancer and 

the development of a therapeutic approach were mainly dependent on the active 

cooperation of several expertises. Thus, clinical veterinary-, animal model-, and cyto- 

and moleculargenetic expertise merged in a joint approach. Nevertheless, in such a 

setting involving functional genetic approaches, the knowledge about the structure 

and function of the involved genes is crucial. Following, the results of herein 

performed HMGA related basic research will be summarised and discussed. 

 
I.: Hauke S et al., Biochim Biophys Acta. 2005; 25;1729(1):24-31 

II.: Murua Escobar H et al., J Hered. 2005; 96(7):777-81 

IX.: Meyer B et al., Leuk Lymphoma. 2007a; 48(10):2008-13 

XIV.: Beuing C et al., BMC Genet. 2008; 23;9(1):49 

XVII.: Richter A et al.,Tissue Eng Part A. 2009; 15(3):473-7 

XXII.: Joetzke AE et al.,Veterinary Comparative Oncology. 2010; 8(2):87-95 

 

Previous to the herein presented work, we characterised the cDNA and a basic 

expression pattern of the canine HMGA1 gene. These analyses revealed that the 

dog expresses the two splicing variants HMGA1a and HMGA1b. These splicing 

variants are the counterparts to the two major forms found in man(38). However, 

Johnson et al.(183) described seven different transcript forms for HMGA1. We 

compared the available sequence data for several mammalian species, xenopus and 

chicken and found both major transcript forms to be highly conserved. A remarkable 

structural observation was that the dog is the only species showing an identical exon 

/ intron structure of the major splicing forms when compared to the respective human 

counterparts (Figure1). Protein comparison revealed that the characteristic eleven 

amino acid gap differentiating HMGA1a and HMGA1b was conserved across the 

analysed species(170). The sequencing of the canine genome revealed the structure 

of most of the canine genes(31). However, several genes remained uncharacterised 

and the HMGA1 gene was one of them. Akin to HMGA2, structural aberrations of the 

human HMGA1 gene locus were found in several benign mesenchymal tumours such 

as lipomas, uterine leiomyomas, pulmonary chondroid hamartomas, and endometrial 

polyps(68-75, 184). The characterisation of the canine HMGA1 gene was performed to 
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reveal if chromosomal aberrations seen in dogs affect the canine HMGA1 gene.  

The herein characterised genomic structure of the canine HMGA1 gene revealed the 

presence of 7 exons and 6 introns spanning a total of 9524bp. The performed 

analyses combined with in silico data showed that the human exon 4 is missing on 

genomic level in the canine genome. This exon 4 deletion is also present in the 

mouse genome and affects the 5’UTR of the respective mRNAs. Consequently, a 

renumbering of the canine exon and intron nomenclature for the canine HMGA1 

gene was suggested (Figure 2). 

The performed FISH mapping of the canine HMGA1 gene to CFA 12q11 revealed 

that the gene does not map to a region frequently affected by chromosomal 

aberrations(158). In a previous CDS screening of several different canine breeds, a 

possible single nucleotide polymorphism (SNP) was detected in a Dachshund sample 

leading to an amino acid exchange from threonine to alanine causing a mutated 

HMGA1 protein caused by a transition from A to G in the exon 6 of the nucleotide 

sequence(38). This potential SNP was evaluated in a population of 55 Dachshunds 

and the analyses showed that the previously observed mutation is a rare event, as it 

could not be detected in any of the other analysed samples(171).  
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Figure 1 (Murua Escobar et al., 2005): Species comparison of HMGA1a and HMGA1b 
transcripts. Exon 5 is enlarged by factor five for better visualisation 
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Figure 2 (Beuing et al., 2008): Comparison of the canine and human HMGA1 genomic structure. 
 

 

As mentioned previously, in general data referring to HMGA as tumour marker are 

slightly confusing, as a clear differentiation between HMGA1 and HMGA2 is rarely 

done. We analysed the tumour marker potential of both genes in a set of canine B- 

and T-cell lymphomas compared to control cases using quantitative real time PCR 

(qRT-PCR). The results clearly demonstrated that HMGA2 showed no significant 

difference in the expression pattern in contrast to HMGA1 which clearly showed 

tumour marker characteristics(185). Interestingly, HMGA1 revealed potential as 

differentiation marker between B- and T-cell lymphomas as it appears to be 

expressed significantly higher in B- cell lymphomas compared to the analysed T-cell 

lymphomas. However, as the number of analysed T-cell lymphomas was much too 

small to perform a clear statistical analysis the potential of HMGA1 as differentiation 

marker remains to be elucidated.  

In terms of comparative oncology, canine lymphomas are well accepted as naturally 

occurring models for human non-Hodgkin’s lymphoma(1). In accordance to this, in 

human non-Hodgkin’s lymphoma HMGA1 was found to be significantly 

overexpressed during the aggressive phase of follicular lymphoma compared to the 

indolent phase(186) as well as in c-Myc overexpressing Burkitt´s lymphoma cell 

lines(187). Additionally, in vivo data involving HMGA1 over-expressing transgenic mice 
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indicated that the induced over-expression of HMGA1 is associated with the 

development of NKC lymphomas(188). Concerning haematopoietic malignancies, 

HMGA1 was reported to be upregulated in lymphoid as well as myeloid leukemias(189, 

190). However, the pathogenic role of HMGA1 is not limited to an effect caused solely 

by up-regulation of the gene, as heterozygous and homozygous HMGA1 knock-out 

mice were reported to develop cardiac hypertrophy combined with haematopoietic 

malignancies such as B-cell lymphoma and myeloid granuloerythroblastic 

leukemia(191). 

Akin to HMGA1, its “sister protein” HMGA2 is also reported to be associated with 

haematopoietic malignancies. Early reports using conventional reverse transcription 

PCR detected HMGA2 expression in the peripheral blood of chronic myeloid 

leukemia (CML) and acute myeloid leukemia (AML) patients as well as in CD34 

positive haematopoietic stem cells from healthy donors. In contrast to the neoplastic 

samples, in this early study no HMGA2 expression could be detected in normal blood 

samples(192). The later availability of qRT-PCR providing much higher detection 

sensitivity revealed a low basic expression of HMGA2 in “healthy” peripheral blood 

samples(193). Consequently, to re-evaluate the HMGA2 marker properties in leukemia 

cases we analysed the HMGA2 expression in CML patients and healthy reference 

samples using qRT-PCR(194). Consistent with Fabjani et al.(193), a basic expression of 

HMGA2 could be detected ranging from 4,441 to 9,076 copies / 250 ng total RNA. 

The analysed CML samples revealed a strong variance ranging from 4,392 up to 

6,360,200 HMGA2 copies per 250 ng total RNA. The lowest expression was detected 

in patients in chronic phase or in remission. Elevated levels were detected for CML 

patients with increased white blood cell (WBC) as well as a patient in acceleration. 

The highest HMGA2 level was measured in a case showing a blast crisis. Statistical 

analysis revealed highly significant correlations between WBC count and the 

detected HMGA2 transcript levels for all analysed CML samples(194). Thus, despite 

the qRT-PCR allowed detection of basic HMGA2 expression in the analysed healthy 

samples the gene could serve as a marker for the analysed malignancies.  

As mentioned before, chromosomal structural aberrations affecting the human 

HMGA2 gene accompanied with the loss of the fourth and fifth exon of the gene were 

reported in several benign tumour types(71, 195). The resulting truncated protein forms 

were shown to be able to induce malignant transformation in NIH3T3 cells(196). 

Sequencing the hot-spot breakpoint in intron 3 revealed the existence of an 



Results &Discussion 
 

46 

alternative exon within the intron 3 which is occasionally transcribed and which was 

referred to as HMGA2b. These transcripts also miss the fourth and fifth exon and 

thus were consequently suggested to potentially play a role in HMGA2 related 

pathogenic processes(197). In order to elucidate if these forms were naturally 

occurring splicing forms of the gene or aberrant transcripts, several human cell lines 

and cultured fibroblasts were screened(169). The performed PCR and Northern Blot 

screenings resulted in the identification of several novel transcript forms. A following 

in silico analysis revealed the existence of 3’ splice acceptor sites, branch sites, and 

poly(A) signals clearly indicating that the identified transcripts were alternative 

transcripts and not aberrant transcript forms. 

As mentioned, HMGA genes and proteins have been widely described to be 

associated with cell proliferation and cancer progression. These findings raise the 

question if HMGA proteins could be possibly used in regenerative medical settings in 

terms of enhancement of cell cultivation procedures for tissue engineering. 

Accordingly Richter et al.(198) analysed the effects of HMGA (HMGA1a, HMGA1b and 

HMGA2) protein application on the proliferation of porcine chondrocytes in vitro.    

The performed proliferation assays showed a dose-dependent effect of the applied 

HMGA proteins on the porcine chondrocyte. The highest proliferative effect for the 

applied proteins was achieved using 100µg protein / ml cell culture media on cells, 

with HMGA1b and HMGA2 nearly doubling the proliferative rate and HMGA1a 

leading to a >1.5 fold increase. Statistical analyses showed that the observed 

proliferation enhancement was highly significant with p<0.01(198). These HMGA 

protein concentrations are unlikely to be present in a naturally occurring tissue setting 

in vivo. However, as the currently used tissue engineering approaches use ex vivo 

cultivation for the construction of the engineered constructs, the application of HMGA 

proteins appears to be a promising alternative. Interestingly, in late 2009 the receptor 

for HMGA1 proteins was identified(199), whereas up to date a receptor for HMGA2 is 

still not identified. The identification and further characterisation of these HMGA 

receptors would help to reveal the pathways involved in the observed HMGA induced 

effects and thus could have significant impact for regenerative approaches. Currently 

ongoing work in our group is transferring the proceeded experimental step to canine 

cells and thus the gained results are hopefully going to be transferred successfully to 

canine patients.  

In summary, basic research targeting the structural and functional characterisation of 
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the canine and human HMGA genes and proteins build the base for a better 

understanding of the HMGA biology. This understanding is fundamental for 

comparative oncology and consequently for the development of diagnostic, 

therapeutic or regenerative approaches. 

 
 
 
 
 
5.4 Structural and functional research on canine HMGB1 and RAGE 

genes and proteins  
 
The understanding of the structure and function of target genes and proteins is 

fundamental for the development of diagnostic and therapeutic approaches. The 

translation process itself requires interdisciplinary cooperation and transdisciplinary 

understanding of the respective challenges. Thereby, one of the major problems in 

the implementation of novel approaches is the adaption and development of the 

requested methodologies. The following section describes a thematic block involving 

research on HMGB1 and one of its receptors named RAGE. The work covers basic 

research involving structural and functional characterisation of the target genes and 

proteins and their eventual involvement in pathogenic processes(200-206) and 

methodological aspects(207, 208) aiming at the translation of the basic research data 

into in vivo and clinical applications. Part of the work was realised in the framework of 

three proposals funded by the “Gesellschaft für Kynologische Forschung” and the 

“German Research Foundation”. For the latter the work packages were initiated 

during its application phase and are currently still ongoing within the collaborate 

research centre / Transregio 37 (CRC/TR37). As mentioned previously, the project 

aims at the development of an immunotherapeutic approach based the generation of 

recombinant HMGB1 secreting DCs showing superior immunostimulatory potential 

(Figure 3). Therefore a high throughput femtosecond laser (fs) based method for the 

transfection of canine haematopoietic stem cells was established allowing the 

introduction of HMGB1 expression plasmids. Further, the maturation of the fs-

transfected cells to DCs, their application in dogs, and finally the characterisation of 

the migrative pattern of the applied DCs in vivo are the currently aimed goals. The 

work packages could only be realised as a result of a close touch cooperation 

involving physicists, chemists, human and veterinary clinicians, and molecular 

biologists.   
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Figure 3 Scheme of the CRC 37 A2 project „Laser based transfection of haematopoietic stem 
cells with the High Mobility Group Box 1 gene: Influence on the immunogenicity and 
migration”. 
  
 

5.4.1 Characterisation of the canine HMGB1 and RAGE genes and proteins 
 
V.: Murua Escobar H et al., Gene. 2006; 15;369:45-52 

XVIII.: Sterenczak KA et al., Gene. 2009; 1;434(1-2):35-42 

XXIV.: Sterenczak KA et al., Anticancer Res. 2010 30(12):5043-8 

 

Prior to the here presented work we characterised the canine HMGB1 gene and 

protein(209). This characterisation served as basis for the herein described activities. 

As described previously in its role as nuclear protein HMGB1 was classified as 

architectural transcription factor acting as DNA-binding protein participating in 

nucleosome complexes(35) and further as being significantly involved in DNA repair 

mechanisms(reviewed in125).  

Additionally, being localised in the extracellular matrix, the protein mediates various 

effects via an interaction with membrane receptors as RAGE(131) and the Toll-like 

receptors -2, -4 and -9(132-134). In terms of immune response and inflammation, RAGE 

and HMGB1 were described to be key players and thus for the establishment of an 

immunotherapeutic approach in dogs, the knowledge about the canine genes and 

proteins was essential. 

The chromosomal localisation of the canine RAGE gene by FISH showed that the 

gene locus is on CFA 12(200). Syntheny studies between man and dog showed that 

the canine CFA 12 shares homology to the human chromosome 6 region where the 

human RAGE gene is located at HSA 6(p21.32)(176, 210).  

The genomic structure of the canine RAGE gene was analysed revealing the 

presence of eleven exons and ten introns. The complete canine gene spans 2,835 bp 

showing total identity to its human counterpart of 63.4 % (Figure 4). In detail, the 
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identities of the exons vary between 73.9% and 86.7% while the introns showed 

identities between 43.4% and 71.0%.  

The initial characterisation of complete canine RAGE cDNA revealed the presence of 

eleven exons spanning 1,384 bp in total coding a 5’ UTR of 18 bp, a CDS of 1,215 

bp, and a 3’ UTR of 151 bp (Figure 4). Identity comparison to its human counterpart 

revealed a total identity of 80.9% on nucleotide level varying in the exons from 73.9% 

to 86.7%(200). In humans, 19 naturally occurring RAGE splicing variants resulting in 

either N-terminally or C-terminally truncated proteins were identified and are currently 

discussed as mechanisms for receptor regulation acting as competitive inhibitors of 

the receptor either by ligand binding or displacing the full-length receptor in the 

membrane(211-218).  

 

 
 
Figure 4 (Murua Escobar et al. 2006): Structure of the canine RAGE gene on genomic, cDNA 
and protein level. 
 

We screened 17 canine neoplastic and seven “healthy” tissue samples as well as 

four canine and three human cell lines characterising in total 24 canine and 6 human 

transcript forms coding for 16 structurally different canine and five different human 

forms(204). Of these characterised transcripts, 14 canine and four human ones had 
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previously not been described for any other species.  

The transcripts found in the analysed healthy tissues, neoplastic samples and cell 

lines were characterised by various combinations of insertions of several introns as 

well as deletions of exons. We were able to roughly classify the transcripts found into 

two groups. The first group covered splicing variants encoding full length RAGE 

transcripts or soluble RAGE variants which code for protein forms capable of binding 

extracellular ligands, and the second group showing various insertions of introns and 

alternative splicing of exons leading to mutated protein forms. The observed 

recurrent remarkable modification in the latter group was the insertion of intron 1. 

These kinds of transcripts were found in “healthy” tissues as well as in the analysed 

cell lines and neoplastic samples. Depending on further modifications of these 

characterised transcripts the respective protein isoforms would result in variants 

either missing the V - domain required for ligand binding or in nonsense proteins(204) 

(Figure 5a and 5b).  

Our initial characterisation of the canine RAGE protein revealed that the canine 

RAGE protein is a 404 amino acid molecule with a calculated weight of 43 kDa(200)
. 

Comparison to its human counterpart showed a total of 77.6% identity to the human 

RAGE including the described three extracellular (EC) immunoglobulin (Ig) type 

domains V, C, C’, the hydrophobic transmembrane domain (TM), and the highly 

charged cytosolic tail including acidic carboxy-terminal domain(219). The total canine 

extracellular domain showed 78.2%, the transmembrane domain 78.9%, and the 

cytosolic tail 72.7% identity to the respective human protein domains. The HMGB1 

binding domain of RAGE was identified as the immunoglobulin type V which binds 

the motif coded by the amino acids (aa) 150-183 of the human HMGB1 protein 

consisting of the HMG-Box-B and part of carboxy-terminal domain(136). The 

comparison of the RAGE V domain between dog and human showed 85.7% identity. 

Comparison of the canine RAGE protein to the described mouse, rat and bovine 

molecules revealed identities of 73.5%, 72.8% and 77.7%, respectively(200). 
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Figure 5 (Sterenczak et al., 2009): Characterisation of RAGE transcript variants in canine non 
neoplastic tissues: pancreas, spleen, testis and thyroid (cA-cE), canine cell lines: CT1258, MTH 
53A, MTH 52C and ZMTH3 (cF-cN). 
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Figure 6 (Sterenczak et al., 2009): Characterisation of RAGE transcript variants in canine 
tumours: histiocytoma, malignant lymphoma, malignant melanoma, mastocytoma and thyroid 
carcinoma (cO-cX) and human cell lines: Hela, Li14 and MCF7 (hA-hF). 
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Deregulations of the naturally occurring RAGE protein isoforms were shown to have 

significant influence on RAGE mediated diseases. Accordingly, deregulations of 

soluble RAGE protein levels were associated with various diseases such as 

Alzheimer’s disease(220), Type 1 diabetes(221), Type 2 diabetes and coronary arterial 

diseases(222), atherosclerosis(223), rheumatoid arthritis(224), essential hypertension(217), 

and renal disease(225) as further reviewed recently by Vazzana et al.(226) as well as 

Santilli et al.(227). 

Concerning cancer, the correlation of endogenously secreted RAGE (esRAGE) and 

staging of chondrosarcomas was reported suggesting RAGE expression as potential 

tumour marker for malignancy(228). Further blocking of the complex formation 

between RAGE and its ligand HMGB1, by using RAGE variants lacking the cytosolic 

or transmembrane domains, strongly inhibited the metastatic behaviour of glioma 

cells in terms of invasive growth, motility and migration(135). The data clearly showed 

that the application of soluble RAGE variants drastically suppressed the growth of 

tumour cells in vitro and in vivo (for review see 137). 

These data suggested that deregulations of RAGE and its splicing forms could have 

significant effect on different cancer types. Thus, we followed the assumption that our 

identified transcripts showing the “intron 1 insertion” were lost as competitive 

inhibitors for the RAGE receptor. Consequently, we decided to quantify the ratio 

between these variants and variants coding for proteins capable to bind RAGE 

ligands in neoplastic canine samples. The comparative quantification generally 

showed an expression of both forms in all screened tissue samples and cell lines. In 

the screened healthy tissues, the variant coding for a functional complete or soluble 

RAGE variant were significantly higher expressed in lung, testis and thyroid tissue 

compared to the found respective ”intron 1” variants. The pattern seen in the 17 

tumour tissue samples and cell lines was quite different. The majority of samples 

showed a stronger expression of the “intron 1” variant with the exception of a 

mastocytoma showing a similar level of both variants and a testis tumour, which as 

only neoplastic sample showed a higher expression “healthy” variant. In absolute 

numbers the “intron 1” variant outnumbers in the “healthy” variant 15 of the analysed 

17 neoplastic samples. The four cell lines screened uniformly showed a higher level 

of the intron 1 variant. 

However, as lately discussed by Hudson and colleagues(218), the wide diversity of 

seen RAGE transcripts and the obvious relationship of RAGE to several pathologic 
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findings raises many new questions. The comparative quantitative real time PCR 

analyses of both major RAGE transcript classes represented a first approach to 

analyse if deregulation / structural aberrations of RAGE can be detected at RNA level 

and play a role in RAGE mediated pathologic events(204). In accordance with our 

data, decreased sRAGE protein levels were recently found to be associated with lung 

cancer progression being suggested as new biomarker for this type of neoplasia (229). 

In this context the question arises if deregulated RAGE and HMGB1 could be 

involved in the mechanisms of canine lymphoma progression. Thus, we analysed the 

gene expression patterns of HMGB1 and RAGE in a set of 23 canine lymphoma 

patients and three control dogs showing a significant up-regulation of HMGB1 in the 

neoplastic samples, while the RAGE expression remained inconspicuous(205). In more 

detail, the analysed lymph node aspirates showed an HMGB1 expression ranging 

from 1.587 (B-cell lymphoma) to 8.549 (intestinal lymphoma) relative to the defined 

calibrator. The found RAGE expression ranged including an outlier from 0.36 (B-Cell 

lymphoma) to 18.282 (intestinal lymphoma) relative to the calibrator. The statistical 

analysis of all lymphoma samples vs. control samples showed a highly significant 

upregulation of expression for HMGB1 (p= 0.001) but not for RAGE (p= 0.121). Data 

on human non-Hodgkin lymphoma HMGB1 expression, reported also elevated 

expression levels(123). The HMGB1 overexpression detected by us in the canine 

lymphoma samples strongly supports that similar HMGB1 related mechanisms are 

existent in canine and human lymphomas. Currently besides our generated data on 

RAGE expression in lymphomas, no data are available. However, our findings 

showed that the detected RAGE expression did not change significantly when 

compared to the control samples. As described previously, the TLR receptors 2 and 4 

also mediate HMGB1 induced signalling and thus should be considered further 

regarding lymphoma development and progression. In accordance to our assumption 

gene polymorphisms in TLR-2 and 4 gene sequences were hypothesised as possible 

contributors to follicular lymphoma and mucosa-associated lymphoid tissue 

lymphoma(230). However, the role of the TLR receptors remains to be elucidated in 

dogs and thus further research in this direction could help to reveal possible HMGB1 

related mechanisms in the pathogenesis of canine lymphoma. 
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5.4.2 Role of HMGB1 and RAGE in immune response and inflammation 
 
VII.: Soller JT et al., Anticancer Research. 2006; 26(5A):3417-20 

VIII.: Soller JT et al., J Hered. 2007; 98(5):485-90 

XII.: Altmann S et al., Vet Immunol Immunopathol. 2008; 15;126(3-4):367-72 

XIII.: Baumgart J et al., Opt Express. 2008; 3;16(5):3021-31 

XIX.: Petersen S et al., Journal of Nanobiotechnology. 2009a, Oct 24;7:6 

XX.: Willenbrock S et al., (Cytokine, reviewed in correction) 

 

Despite the previously described facts, HMGB1 and RAGE still play a key role in 

immune response and inflammation. The funded project (A2) in the framework of the 

Transregio 37 aims at taking advantage of the mentioned pro-inflammatory potential 

of HMGB1 for immunotherapeutic strategies by transfecting haematopoietic stem 

cells with HMGB1 expression plasmids and latter maturation of these cells to HMGB1 

secreting DCs. A key step in this process is the possibility to reach a highly efficient 

transfection of the stem cells. Common methods as viral vectors, chemical carriers 

and electroporation have been shown to be inadequate to achieve high transfections 

rates of primary cells and stem cells(231, 232). Moreover, several side effects are 

observed e.g. when using electroporation as the applied electric potential can induce 

irreversible cell damage to sensitive cells as primary cells and stem cells(233). 

Recently, a novel alternative method approach for cell transfections was introduced 

avoiding the described problems using fs laser pulses(234, 235). 

However, the optimal parameters in terms of viability of the cells after treatment, 

efficiency and reproducibility were not well characterised when our project was 

initiated. In order to establish the methodology for the designed project and to further 

characterise the by the method induced effects, the principle of transfection using 

opto-perforation was performed by us using either a non-recombinant pEGFP-C1 

vector plasmid for total cell labeling or a recombinant pEGFP-C1-HMGB1 plasmid 

coding for a GFP-HMGB1 fusion protein for nucleus specific labeling(206). The fs laser 

transfection of canine mammary cells was performed showing that at 40 ms 

irradiation time and 3.6 million pulses with an energy per pulse of 0.9 nJ leads to a 

viability of the treated cells of about 90% and a transfection efficiency of about 

70%(207). GFP induced fluorescence was observed 24 and 48 h after treatment, and it 

showed that the cells transfected with pEGFP-C1 vector were labeled completely by 
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the synthesised recombinant GFP proteins whereas the transfected cells with the 

pEGFP-C1-HMGB1 vector showed a specific labeling of the nucleus. This specific 

nucleus labeling indicates that the treated and transfected cells are still able to 

express the pEGFP-HMGB1 fusion protein correctly and to transport the chromatin 

associated architectural transcription factor HMGB1 to its native cellular localization 

in the nucleus post transfection(207). The hereby established method shows clearly 

that fs laser based transfections represent an option for highly cell specific 

transfection of individual cells or cell populations. However, at this state the 

methodology is limited by the fact that a “single cell” targeting by the operating 

person was still necessary leading to single cell transfections. Thus, obviously the 

number of treated cells remained limited by the ability of the operating person. 

Consequently, this approach was further developed and expanded and thus currently 

experiments are ongoing which include the usage of gold nanoparticles (AuNPs) and 

moderately focused fs-lasers allowing the transfection of multiple cells 

simultaneously. Recently, first results of this cooperative approach showing high rate 

siRNA transfections of target cells were presented at the 2010 Photonics West 

Conference held in San Francisco / USA. 

In general, AuNPs similar to the ones used in the described transfection approach 

are currently used for various biomedical applications including cell imaging, 

diagnostics, targeted drug delivery, and sensing(236-239). In this context laser ablation 

in liquids was described to be a powerful tool for the generation of highly pure 

AuNPs(240) which in contrast to chemical or gas pyrolysis generated AuNPs don’t 

show the risk of impurities or agglomeration(241). Recent studies by Petersen et al.(242) 

showed that unmodified DNA oligonucleotides get easily adsorbed onto these 

positively charged laser ablation generated AuNPs providing a possible tool for DNA 

transfection enhancement(242). However, at this point it was not clear if more complex 

biomolecules would also be attracted by these AuNPs and if such bonds could have 

a biologically significant effect on the properties of biomolecules. Consequently, we 

targeted these questions to elucidate if laser ablation generated nanoparticles could 

provide DNA transfection enhancing effects without disturbing the bioactivity of 

introduced DNA expression plasmids and their respective generated proteins(208). We 

coincubated the laser ablation generated AuNPs with recombinant eGFP-C1-HMGB1 

expression plasmids coding for an eGFP-HMGB1 fusion protein and subsequently 

transfected them into mammalian cells using standard methods. As mentioned before 
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the HMGB1 protein acts as architectural transcription factor in the cell nucleus. Our 

results clearly indicated that the coincubation of the AuNPs and the expression 

plasmids do not disturb the functionality of the plasmids as transcription matrix, due 

to the fact that the transfected cells were still able to synthesise the eGFP- HMGB1 

fusion proteins, to process them and to transport them to their biofunctional 

destination. Further, the presence of AuNPs appeared to have positive effect on the 

transfection efficiencies in a size dependent manner(208) (Figure 7).  
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Figure 7 (Petersen et al., 2009): The effect of co-transfecting plasmid DNA and laser generated 
gold nanoparticles on the bioactivity of GFP-HMGB1 fusion protein.  
Images A to I (vertical) show a 100 fold magnification and B to J (vertical) a 400 fold 
magnification. Images A and B represent the positive control I: a transient transfection of 
MTH53A cells by Fugene HD reagent with the eGFP-C1-HMGB1 plasmid without Au-NP 
incubation. Cells in images C to J are treated like control I but include incubation of the 
plasmid with 14 nm sized Au-NP (C and D), 24 nm sized Au-NP (E and F), 59 nm sized 
nanoparticles (G and H) and 89 nm sized Au-NP (I and J), respectively. Image K and L represent 
the negative controls II and III. M and N are full colour images of DAPI and GFP fluorescence. 
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However, this point remains to be verified in a larger experimental setting, which is 

currently being done. At this point we can clearly state that the laser ablation 

generated AuNPs could potentially enhance transfection efficiencies due to the DNA 

binding properties and the proven biofunctional compatibility. A combination of our 

results in Pertersen et al.(208) with these AuNPs and of our ongoing fs laser based 

transfection approaches(207) could have significant effect on the desired highly 

efficient and gentle transfection of primary and stem cells. 

The construction of the appropriate HMGB1 DNA expression plasmids and their 

respective controls served as basis for the described methodological approaches. 

However, a further critical point for the successful implementation of the desired 

immunotherapeutic approach is the possibility to stimulate cells to release the 

recombinantly produced HMGB1 protein at the desired localisation. In general, 

HMGB1 was reported to be actively secreted by activated cells of the immune system 

such as monocytes, macrophages, pituicytes, DCs, and NKCs in response to 

inflammation, sepsis, development of acute lung injury, and stimulation of cytokine 

expression and secretion(143-148, 242). Thereby, HMGB1 was found to act as “late” 

appearing inflammatory mediator 8-20 hours post stimulation by e.g. bacterial 

infection, endotoxin or “early” cytokines as TNF-α, IL1β, IL-6, INF-γ(143, 150, 151). 

Based on these data we started the construction of two variants of recombinant 

bicistronic plasmid constructs carrying the hrGFP gene and the canine HMGB1 

coding sequence leading to separate but simultaneous expression of hrGFP and 

HMGB1. The use of these bicistronic constructs allows verifying the successful 

transfection of the target cells by GFP signaling without disturbing the function of the 

recombinantly expressed HMGB1 protein. Willenbrock et al.(206) verified the 

biofunctionality of these vectors by transfection of canine mammary cells. Two 

constructs we applied leading either to the expression of unmodified recombinant 

HMGB1 or an HMGB1 fusion protein variant with a short C-terminal 3xFLAG peptide 

sequence allowing later specific protein detection and distinction of the recombinant 

protein from the native variant via Western blot. Stimulation with proinflammatory 

applied cytokines TNF-α and IFN-γ induced recombinant HMGB1 release from the 

transfected cells into the cell cultivating media in time dependent manner. The 

detection of the released recombinant and endogenous HMGB1 protein was done via 

Western blot and quantified using an HMGB1-ELISA. Additionally, multiphoton live 

cell microscopy on transfected HMGB1-GFP fusion protein expressing cells under 
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TNF-α stimulating conditions at a time period of 50 hours was performed(206). The 

obtained results clearly showed that the generated DNA expression vector constructs 

were fully biofunctional. Further we could demonstrate the release of recombinant 

HMGB1 protein to the cell cultivating media with a peak of 24 h post TNF-α 

stimulation. This 24 h delay opens a “time window” for the persecuted immune 

therapeutic approach, as following a TNF-α stimulation the 24 hs remain for further 

handling and in vivo migration of the applied maturated HMGB1 transfected dendritic 

cells.  

 

 
 
Figure 8 (Willenbrock et al., Cytokine reviewed in correction): Fluorescence analysis of a) 
pIRES-hrGFPII-rHMGB1+FLAG, b) pIRES-hrGFPII-rHMGB1, and c) pIRES-hrGFPII expression in 
canine MTH53A mammary cell line, 24 h after transfection. d) pIRES-hrGFPII-rHMGB1+FLAG, e) 
pIRES-hrGFPII-rHMGB1, and f) pIRES-hrGFPII expression, merged GFP and DAPI. 
 
 

As described the key transfection methodologies for the project were established and 

the biofunctionality and release kinetics of recombinant HMGB1 were 

characterised(206, 207). A further key issue of the project is the enhancement of the 

immune stimulatory effect of the vaccination strategy by an enhanced HMGB1 

release. Thus consequently we analysed on one hand the naturally present 

expression level of HMGB1 in different canine haematopoietic cell compartments and 

further characterised the HMGB1 induced effects cell proliferation by application of 

recombinant HMGB1 on canine peripheral blood mononuclear cells (PBMC) (203). The 
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expression measurements were done using qRT-PCR while the proliferation assays 

were performed via [3H]-thymidine proliferation assays. The expression analyses 

revealed that HMGB1 expression could be detected in all analysed cell types. 

The highest expression levels were found in undifferentiated CD34+ bone marrow 

derived haematopoietic stem cells followed by CD3+ T-lymphocytes, DCs, 

granulocytes, and CD14+ monocytes. Interestingly, the level of HMGB1 is reduced 

nearly by half in CD34+-derived DCs after 14 days of maturation compared to freshly 

isolated CD34+ stem cells(203).  

As mentioned before, HMGB1 and RAGE are both requested for the maturation of 

different types of DCs and their ability to migrate(153-155). Thus, the reduction of the 

naturally present HMGB1 level appears to be related with the increasing DC 

maturation level. 

The application of recombinant HMGB1 (rHMGB1) clearly showed a stimulative effect 

on canine PBMCs at concentrations of 1, 5 and 10 ng/ml while higher concentrations 

of 25 and 50 ng/ml rHMGB1 had no stimulative influence on the cells(203). As our goal 

is to administer HMGB1 overproducing DCs, the general capacity of DCs to secrete 

HMGB1 is interesting in this context as the release of HMGB1 by human DCs was 

shown to induce proliferation of naϊve allogenic CD4+ T-lymphocytes(157). In terms of 

migration of the applied DCs to the lymph nodes as T-cell priming site recent data 

presented by Manfredi et al.(155) underlined the significance of HMGB1 and its 

receptor RAGE, as DC migration to the lymph nodes was shown to be mediated by 

RAGE in vivo.  

In summary, the known data in humans, our generated HMGB1 and RAGE related 

data in canines, and the established methodologies are a promising scenario for the 

successful implementation of the persecuted immunotherapeutic approach. However, 

the work is currently ongoing and now focussing on in vivo applications in canines. 

 

The stimulation of cells with cytokines represents one of the key steps for the 

successful establishment of the designed approach. During the application phase of 

the Transregio 37, basic research on canine cytokines was performed by our 

group(201, 202). In detail the structures of several mammalian TNF-α, IL1-α, and IL1-β 

mRNAs were compared and analysed in terms of size and identity of the protein 

coding sequences (CDS) as well as the respective UTRs(202). Further the respective 

proteins were compared and derived from the analysed mRNA sequences. The 
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analyses revealed on nucleotide level as well as on protein level, that for all cytokines 

the identities between the canine and human molecules were higher (nucleotide: 

76.4% - 90.8%, protein : 62.8% – 91.0%) compared to the identities identified 

between canine and the respective murine molecules (nucleotide: 43.9% - 80.4%, 

protein: 57.1% - 78.2)(202). These results were of significant value for the Transregio 

37 stimulation experiments as human and murine recombinant cytokines were much 

easier accessible then their canine counterparts. Currently recombinant canine TNF-

α is now available for the experiments, but due to the high identity of the canine and 

human molecule of 91.0%, the human protein represents an acceptable and easy 

accessible alternative. Previously, Soller et al. 2006(201) cloned and characterised the 

CDS and parts of the UTRs of the canine TNF-α, IL1-α, and IL1-β mRNAs. This 

characterisation served as basis for the later performed protein comparison between 

the respective mammalian molecules.  

These primary basic research results and their later use for the establishment of a 

therapeutic approach as the Transregio 37 A2 project show nicely how basic 

research data create the basis for translational approaches.  
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6 Summary 
 
The here presented work was set in the field of basic research in comparative 

oncology. The work initially enrolled in cooperation between geneticists and 

veterinary clinicians with the aim to characterise cancer related canine genes and 

proteins structurally and functionally and thus consequently the cellular mechanisms 

in which these genes and proteins take part. This effort was further developed and 

amplified with the goal to establish therapeutic approaches holding benefits for 

human and veterinary patients. Consequently, the projects shifted to interdisciplinary 

efforts dealing not only basic research, but adjoining with the establishment of 

methodologies and in vivo animal models. 

Thus, this work composes of parts located in basic research as e.g. gene 

characterisations as well as the development of methodologies such as laser 

transfections and DNA nanoparticle interactions. In total the followed goals were 

approached in an interdisciplinary cooperation involving e.g. clinicians, cell and 

molecular biologists, physicists, and chemists. 

In terms of basic research several structural and functional analyses were performed 

characterising cancer related human and canine genes and proteins, such as 

HMGA1, HMGA2, RAGE and its variants, HMGB1, TNF-α, IL1-α, and IL1-β. 

For canine prostate cancer, cytogenetic analyses revealed structural and numerical 

aberrations which are also found in their human counterpart. Further HMGA2 was 

characterised and established as molecular marker showing a correlation between 

expression level and malignant potential. Based on these data, the basis for a gene 

therapeutic approach was established using HMGA-antisense AAVs for the inhibition 

of prostate cancer cell proliferation. Additionally, an in vivo model for canine prostate 

cancer was established using a canine prostate cancer cell line and by characterising 

its in vivo behaviour in NOD-SCID mice as biological model. Summarising this, an in 

vivo model for canine prostatic cancer was established, characterised on cell and 

molecular genetic level, and the basis for a therapeutic approach was set. 

The second major topic focussed on the design of an immunotherapeutic approach 

using the laser based transfection of cells with DNA expression plasmids coding for 

the proinflammatory acting HMGB1 and their latter application as cellular vaccines. 

For this purpose, the canine receptor of HMGB1 named RAGE was characterised, 

several HMG expression plasmids constructed and transfected into several cell 
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types. The functionality of these plasmids was characterised as well as the 

functionality of the respective coded proteins. The mechanisms for a stimulated 

HMGB1 protein release were characterised, as well as the effect of HMGB1 on 

canine immune related cells. Further, a fs laser based method for the transfection of 

mammalian cells was established allowing the transfection of primary and stem cells. 

This project was completed by the characterisation of effects induced by coincubation 

and transfection of laser ablation generated nanoparticles and DNA expression 

plasmids. These work packages are currently ongoing and being expanded to the 

characterisation of the induced effects in vivo. 
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Extensive expression studies revealed a complex 

alternative splicing pattern of the HMGA2 gene     
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Rogalla P, Bullerdiek J 

 

 

Biochim Biophys Acta. 2005; 25;1729(1):24-31 
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- Generation of hybridisation probes 

- Radioactive labelling and Northern Blot hybridisation 

- Data analyses and discussion 

- Partial manuscript drafting 



Abstract 
Chromosomal rearrangements of the HMGA2 locus belong to the most common 

aberrations in human benign tumors. HMGA2 rearrangements often result in chimeric 

genes expressing transcripts consisting of the first three exons of HMGA2 followed by 

ectopic sequences derived from intron 3 of that gene. RT-PCR-based expression 

studies of 4 of these HMGA2 transcripts revealed a co-expression with the ‘‘wild-type’’ 

HMGA2a in tumor samples as well as in normal tissues. Northern blot hybridizations of 

the lipoma cell line Li-14 revealed the expression of five additional HMGA2 transcripts 

consisting of exons 1 to 3 but not exons 4 to 5 besides the full-length HMGA2a 

transcript. In silico analyses have been performed showing a high homology to well-

established consensus sequences for the 3Vsplice acceptor site, the branch site, and 

poly(A) signal. Thus, it is quite obvious that the HMGA2 transcripts described herein are 

alternative, not aberrant, splice-products of the HMGA2 gene. 

It is hypothesized that HMGA2-dependent tumorigenesis is caused by a disturbed 

equilibrium in the co-expression of the HMGA2 splice variants leading to aberrant cell 

proliferation and/or malignant transformation of cells. 
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"Best Friends" Sharing the HMGA1 Gene: Comparison of 
the Human and Canine HMGA1 to Orthologous Other 

Species 
 

 

Murua Escobar H, Soller JT, Richter A, Meyer B, Winkler S, 

Bullerdiek J, Nolte I  

 

 

J Hered. 2005; 96(7):777-81 

Contribution to the work 

- Study design 

- Data analyses and discussion 

- Manuscript drafting 



Abstract 
HMGA1 nonhistone proteins are reported to participate in various cellular processes 

including regulation of inducible gene transcription, integration of retroviruses into 

chromosomes, and the induction of neoplastic transformation and promotion of 

metastatic progression of cancer cells. Overexpression of HMGA1 was shown to be 

characteristic for various malignant tumors, suggesting a relation between the neoplastic 

phenotype and a high titer of the protein. Also chromosomal aberrations affecting the 

human HMGA1 gene at 6p21 were described in several tumors, e.g., uterine 

leiomyomas, pulmonary chondroid hamartomas, and follicular thyroid adenomas. We 

characterize the molecular structure of the canine HMGA1 cDNA, its splice variants, and 

predicted proteins HMGA1a and HMGA1b. Furthermore, we compared the CDS of both 

splice variants for 12 different breeds, screened them for SNPs, characterised a basic 

expression pattern, and mapped the gene via FISH. Additionally, we compared the 

known human, canine, murine, rat, hamster, bovine, pig, Xenopus, and chicken HMGA1 

transcripts. 
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Establishment of a cell line derived from a canine prostate 

carcinoma with a highly rearranged karyotype 

 

 

Winkler S, Murua Escobar H, Eberle N, Reimann-Berg N, Nolte I, 

Bullerdiek J 

 

 

J Hered. 2005; 96(7):782-5 

Contribution to the work 

- Partial study design 

- Coordination and supervision of the in vitro work 

- Partial manuscript drafting 



Abstract 
Akin to the situation in humans, dogs are frequently affected by tumors of the prostate. 

The malignancies share many similarities between both species, for example, median 

age at the onset of the disease and metastatic behavior. In human prostatic tumor 

samples, investigations of prepared metaphase spreads showed a variety of 

chromosomal aberrations, with trisomies of chromosomes 7, 8, and 17 as the leading 

cytogenetic abnormalities. In this article we present one case of a canine 

adenocarcinoma of the prostate, including clinical examination and establishment of a 

cell line from a tumor sample obtained from the affected 10-year-old male Briard. 

Searching for similarities between both species in respect to chromosomal changes 

within the tumor samples, we investigated prepared metaphases of the canine cell line 

cytogenetically. These investigations presented a highly rearranged karyotype showing 

a large biarmed marker consisting of material from chromosomes 1 and 2 in addition to 

centromeric fusions between dog chromosomes 1 and 5 that both could be identified in 

every metaphase investigated, while centric fusions of chromosomes 4 and 5 occurred 

in up to 50% of the metaphases. The cell line grew very well and showed evidence of 

being spontaneously immortalized when it crossed the 20th passage. 
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Abstract 
Four cases of canine lymphoma are presented, including histological examination and 

cytogenetic investigation. The first case showed a derivative chromosome 13, the 

second case showed a clonal tisomy 8 and the third case showed a complex karyotype 

with a clonal trisomy 13 and additional clonal trisomies of the chromosomes 20, 30 and 

37, as well as a non-clonal tetrasomy 9. Case four showed a single tisomy 2. Comparing 

these results with human hematopoietic malignancies, there are notable similaities 

between both species. 
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Abstract 
Metastasis is one of the major problems when dealing with malignant neoplasias. 

Accordingly, the finding of molecular targets, which can be addressed to reduce tumour 

metastasising, will have significant impact on the development of new therapeutic 

approaches. Recently, the receptor for advanced glycation end products (RAGE)–high 

mobility group B1 (HMGB1) protein complex has been shown to have significant 

influence on invasiveness, growth and motility of tumour cells, which are essential 

characteristics required for metastatic behaviour. A set of in vitro and in vivo approaches 

showed that blocking of this complex resulted in drastic suppression of tumour cell 

growth. Due to the similarities of human and canine cancer the dog has joined the 

common rodent animal model for therapeutic and preclinical studies. However, complete 

characterisation of the protein complex is a precondition to a therapeutic approach 

based on the blocking of the RAGE–HMGB1 complex to spontaneously occurring 

tumours in dogs. We recently characterised the canine HMGB1 gene and protein 

completely. Here we present the complete characterisation of the canine RAGE gene 

including its 1384 bp mRNA, the 1215 bp protein coding sequence, the 2835bp genomic 

structure, chromosomal localisation, gene expression pattern, and its 404 amino acid 

protein. Furthermore we compared the CDS of six different canine breeds and screened 

them for single nucleotide polymorphisms. 
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Abstract 
The dog is a well-accepted model for prostate cancer in man because of the striking 

similarities between both species with respect to the clinical course of the disease as 

well as to its similar histopathology. Cytogenetic investigations of human prostate 

cancers has revealed the frequent occurrence of trisomies 7, 8, and 17. In this report, 

we present a case of prostate carcinoma in a dog characterized by polysomy 13 as the 

sole cytogenetic abnormality. Along with the known homology between canine 

chromosome 13 and human chromosome 8 these findings suggest that a homologous 

area on both chromosomes plays a crucial role in subsets of prostate cancer in both 

species. 
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Abstract 
In man, malignant histiocytosis is a tumour like disease which is characterised by 

increasing proliferation of macrophages and reinforced degradation of erythrocytes. High 

progression of this disease leads to an unfavourable prognosis for the patients, most of 

them children up to the age of three years. Histological and cytological findings have 

proposed an important role of aberrant expression of cytokines in histiocytosis. Due to 

the fact that Bernese Mountain Dogs (BMD) show a predisposition for spontaneously 

developing malignant histiocytosis, these dogs could possibly be used as a genetic 

model organism to elucidate the mechanisms of human malignant histiocytosis.  

In the study we screened canine cytokine cDNA transcripts of TNFα, Interleukin-1-α (IL-

1α) and Interleukin-1-beta (IL-1β) for single nucleotide polymorphisms (SNPs). Since 

SNP screening in canine cytokine transcripts for malignant histiocytosis has not been 

carried out before.  

Total RNA was isolated tissue from lung, spleen, testis, and skin of 17 different dogs 

(seven Bernese Mountain dogs, one Collie and one West Highland Terrier). We 

amplified and sequenced the corresponding cytokines cDNAs, screened them for SNPs 

and analysed the resulting effects on the protein sequence.  

Several Bernese Mountain Dogs and the West Highland Terrier showed SNPs in the 

coding sequences which lead to missense mutations within the protein sequences of 

TNF α, IL1α and IL1β. 

 

 

 

 

 



 

 

 

VIII. 

 

 

Comparison of the human and canine cytokines IL-

1(alpha/beta) and TNF-alpha to orthologous other 

mammalians 

 

 

Soller JT, Murua-Escobar H, Willenbrock S, Janssen M, Eberle N, 

Bullerdiek J, Nolte I  

 

 

J Hered. 2007; 98(5):485-90 

Contribution to the work 

- Study design 

- Data analyses and discussion 

- Partial manuscript drafting 

- Coordination of the cooperation 



Abstract 
The cytokines interleukin-1 (IL-1a and IL-1b) and the tumor necrosis factor-a (TNF-a) 

both play a major role in the initiation and regulation of inflammation and immunity 

responses. Polymorphisms within the gene sequences of these cytokines IL-1 and TNF-

a have been proposed to play an important role in the pathogenesis of certain diseases. 

Affecting nearly every organ, various diseases, including some cancers, are described to 

be associated with an increased level of IL-1 and TNF-a proteins, for example, solid 

tumors, hematologic malignancies, malignant histiocytosis, autoimmune disorders, 

Alzheimer’s disease, Parkinson’s disease, sepsis, and rheumatoid arthritis. Regarding 

genetic backgrounds and pathways, numerous canine diseases show close similarities 

to their human counterparts. As a genetic model, the dog could be used to unravel the 

genetic mechanisms, for example, in particular the predispositions, the development, 

and progression of cancer and metabolic diseases. The identity comparison of gene and 

protein sequences of different species could be used to elucidate the structure and 

function of the genes and proteins by identifying the evolutionary conserved regions and 

domains. Herein we analyzed in detail the mRNA and protein structures and identities of 

the present known mammalian (human, canine, murine, rat, ovine, equine, feline, 

porcine, and bovine) TNF-a, IL-1a, and IL-1b mRNAs and proteins. Additionally, based 

on the canine genome sequence, we derived in silico the complete mRNA structures of 

the IL-1a and IL-1b mRNAs. 
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Abstract 
The architectural transcription factor HMGA2 is highly expressed during embryogenesis 

but scarcely detectable in nondividing adult cells. Previously, HMGA2 re-expression was 

detected in blood from CML patients by conventional RT-PCR, while blood samples from 

healthy volunteers were HMGA2 negative. Using the sensitive method of real-time 

quantitative RT-PCR, herein HMGA2 expression was detectable not only in peripheral 

blood from leukaemia patients but also in blood from healthy donors. Statistical analysis 

revealed a highly significant correlation between white blood cell count and HMGA2 

transcript levels. The results indicate that up-regulation of HMGA2 expression is 

correlated to the undifferentiated phenotype of leukaemic cells accumulating during 

progression of chronic phase to blast crisis. 
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Abstract 
Prostate cancer is the most prevalent cancer in western countries, being the third 

leading cause of male cancer death. To check its possible significance as a prognostic 

marker, allowing a better prognosis of the tumor, we analyzed the high-mobility group 

protein-A2 gene (HMGA2) expression level because HMGA2 overexpression has been 

shown to correlate with the malignant potential of various neoplasias. Aside from man, 

the dog is the only mammalian species that shows spontaneously occurring prostate 

carcinoma with striking similarities to prostate cancer growth and progression in man, 

making it an adequate animal model for this neoplasia. We used real-time quantitative 

reverse-transcription polymerase chain reaction for HMGA2 expression analyses in a 

subset of canine prostate tissue samples. Our investigations reveal that HMGA2 

expression levels in all carcinomas were higher than those of any of the nonmalignant 

tissues. Thus, canine prostate cancer represents a spontaneously occurring model to 

test therapeutic effects resulting from reduced expression of HMGA2. 
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Abstract 
Background: Chromosomal translocations affecting the chromosome 2p21 cluster in a 

450 kb breakpoint region are frequently observed in human benign thyroid adenomas. 

THADA (thyroid adenoma associated) was identified as the affected gene within this 

breakpoint region. In contrast to man tumours of the thyroid gland of dogs (Canis lupus 

familiaris) constitute mainly as follicular cell carcinomas, with malignant thyroid tumours 

being more frequent than benign thyroid adenomas. In order to elucidate if the THADA 

gene is also a target of chromosomal rearrangements in thyroid adenomas of the dog 

we have physically mapped the canine THADA gene to canine chromosome 10. A PCR 

was established to screen a canine genome library for a BAC clone containing the gene 

sequence of canineTHADA. Further PCR reactions were done using the identified BAC 

clone as a template in order to verify the corresponding PCR product by sequencing. 

Canine whole blood was incubated with colcemid in order to arrest the cultured cells in 

metaphases. The verified BAC DNA was digoxigenin labeled and used as a probe in 

fluorescence in situ hybridization (FISH). Ten well spread metaphases were examined 

indicating a signal on canine chromosome 10 on both chromatids. A detailed fine 

mapping was performed indicating the canine THADA gene locus on the q-arm of 

chromosome 10. 

Results: The canine THADA gene locus was mapped on chromosome 10q25. Our 

mapping results obtained in this study following the previously described nomenclature 

for the canine karyotype. 

Conclusion: We analysed whether the THADA gene locus is a hotspot of canine 

chromosomal rearrangements in canine neoplastic lesions of the thyroid and in addition 

might play a role as a candidate gene for a possible malignant transformation of canine 

thyroid adenomas. Although the available cytogenetic data of canine thyroid adenomas 

are still insufficient the chromosomal region to which the canine THADA has been 

mapped seems to be no hotspot of chromosomal aberrations seen in canine thyroid 

adenomas. 
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Abstract 
High Mobility Group Box 1-Protein (HMGB1) is a nuclear chromosomal protein occurring 

ubiquitary in mammalian tissues. HMGB1 demonstrates cytokine function and induces 

inflammation when actively released by haematopoietic cells or passively released 

during cell necrosis. This study aimed at the determination of HMGB1 expression in 

different cell types and at the evaluation of the role of HMGB1 in PBMC proliferation. 

Therefore we investigated the HMGB1 mRNA expression level in different canine 

haematopoietic cell types and the influence of exogenous rhHMGB1 on canine PBMC 

proliferation. Differentiated haematopoietic blood cells showed lower relative HMGB1 

expression levels compared to CD34+ haematopoietic stem cells. Relative HMGB1 

expression seemed also to decrease during differentiation of CD34+ stem cells into 

dendritic cells. Furthermore, peripheral blood CD14+ monocytes and granulocytes 

showed a lower relative HMGB1 expression in comparison to CD3+ T-lymphocytes. 

When exogenous rhHMGB1 at low concentrations was added to single PBMC cultures 

an increase of proliferation was obvious. However, in higher concentrations HMGB1 lost 

its stimulative effect. In conclusion, HMGB1 is broadly expressed in canine 

haematopoietic cells with highestlevels in haematopoietic stem cells. HMGB1 induced 

directly PBMC proliferation. 
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Abstract 
Opto-perforation is an interesting alternative to conventional techniques for gene transfer 

into living cells. The cell membrane is perforated by femtosecond (fs) laser pulses, in 

order to induce an uptake of macromolecules e.g. DNA. In this study, we successfully 

transfected a canine cell line (MTH53a) with GFP vector or a vector coding for a GFP-

HMGB1 fusion protein. The transfected cells were observed 48 hours after treatment 

and they were not showing any signs of apoptosis or necrosis. Based on simultaneously 

measured membrane potential changes during the perforation, we were able to calculate 

and experimentally verify that the relative volume exchanged is 0.4 times the total cell 

volume. Thus, for first time a quantitative predication of the amount of uptaken 

molecules and therefore a quantification of the transfection is possible. Additionally, this 

method offers new high efficient possibilities for critical transfection approaches involving 

special cell types, e.g. primary and stem cells. 
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Abstract 
Background: The high mobility group A1 proteins (HMGA1a/HMGA1b) are highly 

conserved between mammalian species and widely described as participating in various 

cellular processes. By inducing DNA conformation changes the HMGA1 proteins 

indirectly influence the binding of various transcription factors and therefore effect the 

transcription regulation. In humans chromosomal aberrations affecting the HMGA1 gene 

locus on HSA 6p21 were described to be the cause for various benign mesenchymal 

tumours while high titres of HMGA1 proteins were shown to be associated with the 

neoplastic potential of various types of cancer. Interestingly, the absence of HMGA1 

proteins was shown to cause insulin resistance and diabetes in humans and mice. Due 

to the various similarities in biology and presentation of human and canine cancers the 

dog has joined the common rodent animal model for therapeutic and preclinical studies. 

Accordingly, the canine genome was sequenced completely twice but unfortunately this 

could not solve the structure of canine HMGA1 gene. 

Results: Herein we report the characterisation of the genomic structure of the canine 

HMGA1gene consisting of 7 exons and 6 introns spanning in total 9524 bp, the in vivo 

localisation of the HMGA1 protein to the nucleus, and a chromosomal assignment of the 

gene by FISH to CFA12q11. Additionally, we evaluated a described canine HMGA1 

exon 6 SNP in 55 Dachshunds. 

Conclusion: The performed characterisations will make comparative analyses of 

aberrations affecting the human and canine gene and proteins possible, thereby 

providing a basis for revealing mechanisms involved in HMGA1 related pathogenesis in 

both species. 
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Abstract 
Background: Prostate cancer is a frequent finding in man. In dogs, malignant disease 

of the prostate is also of clinical relevance, although it is a less common diagnosis. Even 

though there are numerous differences in origin and development of the disease, man 

and dog share many similarities in the pathological presentation. For this reason, the 

dog might be a useful animal model for prostate malignancies in man. Although prostate 

cancer is of great importance in veterinary medicine as well as in comparative medicine, 

there are only few cell lines available. Thus, it was the aim of the present study to 

determine whether the formerly established prostate carcinoma cell line CT1258 is a 

suitable tool for in vivo testing, and to distinguish the growth pattern of the induced 

tumours. 

Methods: For characterisation of the in vivo behaviour of the in vitro established canine 

prostate carcinoma cell line CT1258, cells were inoculated in 19 NOD.CB17-PrkdcScid/J 

(in the following: NOD-Scid) mice, either subcutaneously or intraperitoneally. After 

sacrifice, the obtained specimens were examined histologically and compared to the 

pattern of the original tumour in the donor. Cytogenetic investigation was performed. 

Results: The cell line CT 1258 not only showed to be highly tumourigenic after 

subcutaneous as well as intraperitoneal inoculation, but also mimicked the behaviour of 

the original tumour. 

Conclusion: Tumours induced by inoculation of the cell line CT1258 resemble the 

situation in naturally occurring prostate carcinoma in the dog, and thus could be used as 

in vivo model for future studies. 
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Abstract 
Klinefelter syndrome has been described in various species in addition to humans, 

including cat, pig, horse, and dog. It is associated with low levels of male hormones, 

sterility, breast enlargement, and small testes. Patients with Klinefelter syndrome have a 

higher risk for several malignancies. Knowledge about genetic disorders of the dog is 

comparatively sparse. This is mainly due to the difficult canine karyotypic pattern. We 

present the case of a canine patient with clinically and cytogenetically confirmed 

Klinefelter syndrome who developed a testicular tumor at a very early age. Testicular 

tumors are common in dogs, normally affecting elderly patients (median age,O9 years). 

In the present case, however, the dog was only 5 years old, allowing the conclusion that 

the XXY constitution may have promoted the early onset of testicular tumor disease. 
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Abstract 
The low capability of self-repair in hyaline cartilage tissue and chondrocytes de-

differentiating when grown in vitro (e.g., for tissue engineering approaches) limits 

articular cartilage repair. It has been shown that the embryonic architectural transcription 

factors of the high-mobility-group-A (HMGA) protein family affect the regulation of cell 

differentiation by influencing the state of cell chromatin and are involved in hyaline 

cartilage development by affecting the expression of chondrocyte-specific marker genes. 

Thus, the control of cartilage cell proliferation and differentiation by HMGA proteins 

promises to be an important aspect in cartilage tissue repair. To elucidate the effects on 

the proliferative activity of hyaline chondrocytes, HMGA proteins were recombinantly 

expressed, highly purified, and applied to porcine hyaline cartilage cells growing in in 

vitro monolayer cell culture. Direct application of HMGA1a, HMGA1b, andHMGA2 

proteins onto porcine chondrocytes was shown to have a highly significant influence on 

cell proliferation. Greater proliferation of chondrocytes was achieved than in the 

untreated control group, indicating a promising approach to enhancing cartilage tissue 

repair.  
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Abstract 
RAGE is a member of the immunoglobulin superfamily of cell surface molecules playing 

key roles in pathophysiological processes, e.g. immune/inflammatory disorders, 

Alzheimer's disease, diabetic arteriosclerosis and tumourigenesis. In humans 19 

naturally occurring RAGE splicing variants resulting in either N-terminally or C-terminally 

truncated proteins were identified and are lately discussed as mechanisms for receptor 

regulation. Accordingly, deregulation of sRAGE levels has been associated with several 

diseases e.g. Alzheimer's disease, Type 1 diabetes, and rheumatoid arthritis. 

Administration of recombinant sRAGE to animal models of cancer blocked tumour 

growth successfully. In spite of its obvious relationship to cancer and metastasis data 

focusing sRAGE deregulation and tumours is rare. In this study we screened a set of 

tumours, healthy tissues and various cancer cell lines for RAGE splicing variants and 

analysed their structure. Additionally, we analysed the ratio of the mainly found transcript 

variants using quantitative Real-Time PCR. In total we characterised 24 previously not 

described canine and 4 human RAGE splicing variants, analysed their structure, 

classified their characteristics, and derived their respective protein forms. Interestingly, 

the healthy and the neoplastic tissue samples showed in majority RAGE transcripts 

coding for the complete receptor and transcripts showing insertions of intron 1. 
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Abstract 
Ultrashort pulsed laser ablation in liquids represents a powerful tool for the generation of 

pure gold nanoparticles (AuNPs) avoiding chemical precursors and thereby making 

them especially interesting for biomedical applications. However, because of their 

electron accepting properties, laser-generated AuNPs might affect biochemical 

properties of biomolecules, which often adsorb onto the nanoparticles. We investigated 

possible effects of such laser-generated AuNPs on biological functionality of DNA 

molecules. We tested four differently sized and positively charged AuNPs by incubating 

them with recombinant eGFP-C1-HMGB1 DNA expression plasmids that code for eGFP 

fusion proteins and contain the canine architectural transcription factor HMGB1. We 

were able to show that successfully transfected mammalian cells are still able to 

synthesize and process the fusion proteins. Our observations revealed that incubation of 

AuNP with the plasmid DNA encoding the recombinant canine HMGB1 neither 

prevented the mediated uptake of the vector through the plasma membrane in presence 

of a transfection reagent nor had any effect on the transport of the synthesized fusion 

proteins to the nuclei. Biological activity of the recombinant GFP-HMGB1 fusion protein 

appears to have not been affected either, as a strong characteristic protein accumulation 

in the nucleus could be observed. We also discovered that transfection efficiencies 

depend on the size of AuNP. In conclusion, our data indicate that laser-generated 

AuNPs present a good alternative to chemically synthesized nanoparticles for use in 

biomedical applications. 
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Abstract 
Background: Mammary neoplasias are one of the most frequent and spontaneously 

occurring malignancies in dogs and humans. Due to the similar anatomy of the 

mammary gland in both species, the dog has become an important animal model for this 

cancer entity. In human breast carcinomas, the overexpression of a protein named high 

mobility group box 1 (HMGB1) was reported. Cells of the immune system were 

described to release HMGB1 actively exerting cytokine function being involved in 

immune system activation, tissue repair, and cell migration. Passive release of HMGB1 

by necrotic cells at sites of tissue damage or in necrotic hypoxic regions of tumors 

induces cellular responses e.g. release of proinflammatory cytokines leading to elevated 

inflammatory response and neovascularisation of necrotic tumor areas. 

Herein we investigated if a time-dependent stimulation with the separately applied 

proinflammatory cytokines TNF-α and IFN-γ can cause secretion of HMGB1 in a non-

immune related HMGB1-non secreting epithelial canine mammary cell line (MTH53A) 

derived from non-neoplastic tissue. 

Methods: The canine cell line was transfected with recombinant HMGB1 bicistronic 

expression vectors and stimulated after transfection with the respective cytokine 

independently for 12, 24 and 48 hours. HMGB1 protein detection was performed by 

Western blot analysis and quantified by enzyme linked immunosorbent assays. To 

examine, if secretion of HMGB1 under cytokine stimulating conditions is also visible by 

fluorescence imaging, live cell laser scanning multiphoton microscopy was performed on 

MTH53A cells expressing a HMGB1-GFP fusion protein. 

Results: The observed HMGB1 release kinetics showed a clearly time-dependent 

manner having their peak 24h post sole TNF-α stimulation, while stimulation with IFN-γ 

had only small effects on the induced HMGB1 release. Multiphoton HMGB1 live cell 

microscopy showed diffuse cell membrane structure changes 29 hours after cytokine-

stimulation but no clear secretion of HMGB1-GFP after TNF-α stimulation was visible. 

Conclusion: Our results demonstrate that non-immune HMGB1-non-secreting cells of 

epithelial origin derived from mammary non-neoplastic tissue can be stimulated to 

release HMGB1 by single cytokine stimulation. This indicates that tumor and 

surrounding tissue can be stimulated by tumor present inflammatory and necrotic 



cytokines to release HMGB1 acting as neo-vascularizing factor thus promoting of tumor 

growth. 
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Abstract 
Carcinomas of the prostate count to the most common neoplasms in men being one of 

the leading causes of cancer-related death. Besides men the dog is the only know 

species developing spontaneously carcinoma of the prostate. These in both species 

spontaneously appearing neoplasms show significant similarities in their biologic 

behaviour e.g. their metastatic pattern and the expression of cancer related tumor 

markers. Proteins of the high mobility group A family (HMGA1 and HMGA2) were 

identified as tumor markers in both species. Accordingly their overexpression has been 

reported for a variety of cancers in both species showing a correlation of their 

overexpression and the malignant phenotype of the respective tumors. Herein we report 

that adeno-associated viruses (AAV)-2 carrying the mRNA of HMGA1 or HMGA2 in 

antisense orientation can significantly inhibit the proliferation of canine CT1258 prostate 

carcinoma cells in vitro, thus a suppression of HMGA expression represents a potential 

method for treatment of prostate carcinomas. 



 

 

 

XXII. 

 

 

Expression of the high mobility group A1 (HMGA1) and A2 

(HMGA2) genes in canine lymphoma: Analysis of 23 cases 

and comparison to control cases 

 

 

Joetzke AE, Sterenczak KA, Eberle N, Wagner S, Soller JT, Nolte I, 

Bullerdiek J, Murua Escobar H, Simon D  

 

 

Veterinary Comparative Oncology. 2010; 8(2):87-95 

Contribution to the work 

- Principal study design 

- Coordination and supervision of the molecular work 

- Molecular data analysis and discussion 

- Partial manuscript drafting 

- Coordination of the cooperation 



Abstract 
Overexpression of high mobility group A (HMGA) genes was described as a 

prognosticmarker in different human malignancies, but its role in canine haematopoietic 

malignancies was unknown so far. The objective of this study was to analyse HMGA1 

and HMGA2 gene expression in lymph nodes of canine lymphoma patients. The 

expression of HMGA1 and HMGA2 was analysed in lymph node samples of 23 dogs 

with lymphoma and three control dogs using relative quantitative real-time RT-PCR. 

Relative quantity of HMGA1 was significantly higher in dogs with lymphoma compared 

with reference samples. HMGA2 expression did not differ between lymphoma and 

control dogs. With the exception of immunophenotype, comparison of disease 

parameters did not display any differences in HMGA1 and HMGA2 expression. The 

present findings indicate a role of HMGA genes in canine lymphoma. This study 

represents the basis for future veterinary and comparative studies dealing with their 

diagnostic, prognostic and therapeutic values. 
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Abstract 
Besides man, the dog is the only known mammalian species that spontaneously 

develops carcinomas of the prostate with considerable frequency. For this reason, the 

dog is considered to be the only useful animal model for spontaneously occurring 

prostate malignancies in man. Cytogenetic investigations of human prostate cancers 

have revealed the frequent occurrence of trisomies 7, 8, and 17. Chromosome analyses 

of canine prostate carcinomas are rare. In this report we present 2 cases of canine 

prostate cancer showing a clonal polysomy 13 along with complex karyotype changes. 

Along with a previous report demonstrating polysomy 13 as the only karyotype deviation 

in a canine prostate cancer the present report supports the hypothesis that in canine 

prostate cancer, polysomy 13 is a recurrent cytogenetic aberration linked to the 

development of the disease. As human chromosomes (HSA) 8q and 4q and the canine 

chromosome (CFA) 13 share high homology, these results suggest that a conserved 

area on these chromosomes is involved in tumorigenesis in both species. 



 

 

 

XXIV. 

 

 

Expression of the high mobility group B1 (HMGB1) and 

receptor for advanced glycation endproducts (RAGE) in 

canine lymphoma 

 

 

Sterenczak KA, Joetzke A, Willenbrock S, Eberle N, Lange S, 

Junghanss C, Nolte I, Bullerdiek J, Simon D, Murua Escobar H 

 

 

Anticancer Research. 2010 30(12):5043-8 

Contribution to the work 

- Principal study design 

- Coordination and supervision of the molecular work 

- Molecular data analysis and discussion 

- Partial manuscript drafting 

- Coordination of the cooperation 



Abstract 
Background: Canine lymphoma is a commonly occurring, spontaneously developing 

neoplasia similar to human non-Hodgkin’s lymphoma and, thus, is used as a valuable 

model for human malignancy. HMGB1 and RAGE are strongly associated with tumour 

progression and vascularisation. Consequently, deregulated RAGE and HMGB1 may 

play an important role in the mechanisms involved in lymphoma progression.  

Materials and Methods: Expression patterns of HMGB1 and RAGE were analysed in 

22 canine lymphoma and three canine non-neoplastic control samples via real time PCR 

and canine beta-glucuronidase gene (GUSB) as endogenous control.  

Results: HMGB1 was up-regulated in the neoplastic samples, while RAGE expression 

remained inconspicuous.  

Conclusion: This study demonstrated similar mechanisms in lymphoma progression in 

humans and dogs due to overexpression of HMGB1, which was described in human 

lymphomas. RAGE remained stable in terms of expression indicating that the 

extracellular HMGB1-induced effects are regulated by HMGB1 itself. 
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