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Zusammenfassung

Zusammenfassung
Die

Entwicklung

von

neuen

Diagnose-

und

Therapieverfahren

gegen

Tumorerkrankungen hängt in hohem Maße von einem detaillierten Verständnis der
molekularbiologischen Veränderungen, die zur Entstehung und zum Fortschreiten
von malignen Tumoren beitragen, ab. In diesem Zusammenhang hat sich der Hund
als geeignetes Großtiermodell für verschiedene Erkrankungen des Menschen
etabliert, da zahlreiche Tumoren, die beim Menschen eine Rolle spielen, auch beim
Hund spontan auftreten.
In der vorliegenden Arbeit wurden Expressionsanalysen von mehreren in humanen
Neoplasien deregulierten Genen am Modell Hund untersucht. Hierbei stand
einerseits die miRNA let-7, aber auch die let-7 regulierten Gene HMGA1 und
HMGA2 im Fokus. Zusätzlich wurde die Expression von weiteren direkt von let-7
regulierten und assoziierten Genen analysiert.
Die let-7 Genfamilie gehört zu den miRNAs die während der embryonalen
Entwicklung und in Stammzellen kaum exprimiert werden. Erst mit der
fortschreitenden Entwicklung des Organismus nimmt die let-7 Expression stetig zu
und erreicht ein relativ hohes Niveau in ausdifferenzierten Zellen. Eine Abnahme
der let-7 Expression hat zur Folge, dass die von let-7 negativ regulierten Gene
zunehmend exprimiert werden, wie es in zahlreichen malignen Neoplasien
beobachtet wurde.
Hierzu wurde die Expression von let-7a und der let-7 assoziierten Gene CCND2,
c-Myc, FolH1, HMGA1, HMGA2, HMGB1, IL6, Klf4, MAPK1, NRAS, PTEN, und
PI3K in caninen Prostataproben untersucht. Dabei zeigte sich sowohl die let-7a als
auch

die

HMGA2-Transkriptzahl

in

hyperplastischem

und

malignem

Prostatagewebe sowie in mehreren untersuchten prostatischen Zelllinien signifikant
erhöht. Zusätzlich war die Expression der HMGB1- und MAPK1-Gene deutlich
niedriger in malignen neoplastischen Geweben verglichen mit gesundem
Prostatagewebe.
Außerdem wurde die HMGA1- und HMGA2-Genexpression in caninen Lymphomen
analysiert. Dabei war die HMGA1-Transkriptzahl in B-Zell-, aber nicht in
T-Zell-Lymphomen des Hundes erhöht. Die HMGA2-Expression wies ein zu
HMGA1 reziprokes Profil auf, sie war in den T-Zell-Lymphomen erhöht und in den
B-Zell-Lymphomen sehr niedrig.
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Zusammenfassung

Weiterhin

wurden

strukturelle

und

funktionelle

Untersuchungen

an

den

HMGA-Genen und deren Produkten durchgeführt, welche eine große Ähnlichkeit zu
den humanen Molekülen in Genstruktur und Proteinfunktion offenbarten.
Da der nächste Schritt nach der Identifizierung und Charakterisierung von
potentiellen Tumormarkern die gezielte Modifikation der jeweiligen Geneexpression
ist, wurden mehrere let-7 kodierende Plasmide konstruiert, die auch zur Produktion
von adeno-assoziierten Viren geeignet sind.
Zusätzlich

wurde

ein

neues

Protokoll

zur

Isolierung

von

Genomen

adeno-assoziierter Viren etabliert, welches die nachfolgende reproduzierbare und
genaue Quantifizierung der Virengenome ermöglicht.
Für in vitro Anwendungen wurde eine neue, Gold-Nanopartikel-basierte Methode
zur effizienten und zellschonenden Transfektion von unterschiedlichen Zelltypen
entwickelt.
Schließlich wurde die Kreuzreaktivität eines PSMA Antikörpers mit dem caninen
PSMA Protein evaluiert, welcher vergleichende Proteinanalysen zwischen Mensch
und Hund ermöglicht.

Schlagworte: Vergleichende Onkologie, Expressionsanalysen, molekulare Marker
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Abstract
The development of diagnostic and therapeutic modalities depends highly on the
understanding of the genetic and epigenetic alterations which favor cancer. In this
regard the domesticated dog qualifies as a potent large animal model for many
human cancer entities, as these occur spontaneously in man and dog.
In the present thesis expression analyses of tumor associated genes were carried
out paying particular attention to the miRNA let-7 family and its direct target genes
HMGA1 and HMGA2. Furthermore, additional directly by let-7 regulated targets as
well as associated genes were analyzed.
The miRNA let-7 gene family is barely expressed during embryogenesis but
increases constantly during organismal development. Interestingly, several
members of the miRNA let-7 family were found to be down regulated in various
cancer entities.
Owing to that the expression of let-7a and of the let-7 associated genes CCND2,
c-Myc, FolH1, HMGA1, HMGA2, HMGB1, IL6, Klf4, MAPK1, NRAS, PTEN, and
PI3K, which have also been described to be deregulated in a variety of human
neoplasias, was analyzed in canine prostate cancer. The analyses revealed
elevated let-7a and HMGA2 levels in canine hyperplastic and malignant prostatic
tissues as well as in three analyzed prostate cancer cell lines. Additionally a
significant HMGB1 and MAPK1 down-regulation was found in the cancerous
prostatic tissues.
Furthermore, HMGA1 and HMGA2 expression was investigated in canine healthy
and diseased lymph node samples, presenting elevated HMGA1 levels in B-cell
lymphomas and increased HMGA2 levels in T-cell lymphomas.
The knowledge of the target expression, structure and function is important for the
successful engagement of let-7 based therapeutics. Owing to that structural and
functional analyses of the canine HMGA genes were carried out, revealing a similar
HMGA1 gene structure. The analyses of the HMGA protein activity and impact on
gene expression and cell growth showed as well high similarities between human
and canine protein homologs.
As the next step after successful identification and characterization of potential
molecular tumor markers is the modification of gene expression, various let-7
encoding expression plasmids were constructed. Some of these plasmids are as
10
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well suitable for the production of adeno-associated viruses for therapeutic
approaches.
For in vivo cell modifications viruses are still the most potent vehicles, but depend
highly on pure and exactly titered vectors. Thus a novel viral genome isolation
protocol was evaluated allowing a more accurate and highly reproducible viral
genome quantification by subsequent real-time PCR.
Additionally a new nanoparticle mediated laser transfection method was established
enabling efficient, up-scalable modification of different cell types in vitro.
Finally, cross-reactivity of a human PSMA (FolH1) specific antibody was evaluated
for the canine homolog enabling ongoing comparative cancer research between
man and dog.

Keywords: Comparative oncology, gene expression analyses, molecular marker
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1. Introduction
1.1. Cancer
Cancer is a major global health burden of mankind, worldwide it is one of the leading
causes of death especially in economically developed countries (Ferlay et al., 2010).
In December 2013, the specialized cancer agency of the World Health Organization
(WHO), the International Agency for Research on Cancer (IARC) published the
latest data set on cancer incidence and mortality (http://www.uicc.org) (Fig. 1),
according to which the IARC estimates a rising of the global burden of cancer to
14.1

million

new

cases

and

8.2

million

cancer

deaths

in

2012

(http://globocan.iarc.fr). These data indicate that lung, breast, colorectal and
prostate cancers are among the most frequent malignant neoplasias worldwide
followed by cancers of the stomach, liver, cervix uteri, bladder and many others
(Fig. 1).
Compared to the IARC estimates for the year 2008 the number of cancer related
deaths and diagnosed cases increased by ≈ 8 % and ≈ 11 % respectively
(GLOBOCAN 2008 - GLOBOCAN 2012, IARC). In contrast, according to the UN
World Population Prospects, the world population grew only by approximately 5 %
in this period (http://esa.un.org). The non-proportionally increasing numbers of new
cancer cases and deaths compared to the world population highlight the need for
better molecular diagnostic, prognostic and therapeutic approaches.
However, the detection of molecular cancer biomarkers and the development of
more effective drugs are still hampered by the limited knowledge of the genetic and
epigenetic factors implicated in cancer etiology and additionally by the great
diversity of tumors.
Studies on model organisms greatly contribute to the deciphering of these factors
and to the development of novel treatment modalities. However, the translation from
bench-to-bedside is often hindered by the lack of appropriate in vivo animal models
(Mitsiades et al., 2003).
In this thesis analyses of the micro RNA (miRNA) let-7 and several associated
genes, which are commonly deregulated in human cancers, were performed. To
achieve this goal the expression of these genes was analyzed exemplarily in two
canine cancer entities: the prostate cancer and Non-Hodgkin lymphoma.
12
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Figure 1 Estimated incidence and mortality rates in both sexes for the most common human cancer
entities in 2012 (derived from http://www.cancer.org).

1.1.1. Prostate cancer
Prostate cancer (PC) is the 2nd most common cancerous disease in men
(GLOBOCAN 2012, IARC), ranging from an asymptomatic to a rapid, fatal systemic
malignancy (Kopper and Timar, 2005). In the year 2012 worldwide more than a
million men were estimated to be diagnosed with this disorder and 307,471 died
from it (GLOBOCAN 2012, IARC) (Fig. 1).
The development of PC is believed to be a multi-step process initiated by genetic
and epigenetic alterations (Kopper and Timar, 2005). At early stage human PC is
accepted to be an androgen dependent tumor (Kopper and Timar, 2005). Survival
rates of advanced human PCs are very low (http://www.cancer.org) as these,
treated according to the androgen deprivation therapy, become in the majority of
patients resistant to castration (Divrik et al., 2012).
Beside man, the dog is the only domesticated large mammal developing PC
13
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spontaneously (Withrow and Vail, 2012). Remarkably, this disorder occurs more
often in older individuals of both species (Waters et al., 1996), shares many
functional and morphological features (Leroy and Northrup, 2009) and shows similar
clinical manifestations of advanced disease by spreading to lymph nodes, lungs,
bones and liver (Leav and Ling, 1968; Cornell et al., 2000). Like humans, dogs
develop benign prostatic hyperplasia (Coffey and Walsh, 1990) and high-grade
prostatic intraepithelial neoplasias (PIN). Notably, PINs are speculated to be a likely
precursor of human PC (Waters et al., 1997).
Opposing the situation in men, canine PC presents a natural incidence rate of less
than 1 % (Withrow and Vail, 2012) but appears androgen-independent similarly to
the human hormone refractory disease (Teske et al., 2002; Kopper and Timar,
2005). As dogs are usually presented with clinically advanced disease, the
treatment remains palliative (Waters et al., 1998; Leroy and Northrup, 2009). Thus
the understanding of the molecular changes contributing to canine PC and
identification of molecular markers might not only improve treatment options for the
canine patients, but also accelerate the establishment of preclinical approaches in
human medicine using the dog as model.

1.1.2. Lymphoma
The second cancer entity investigated in this study are Non-Hodgkin lymphomas
(NHL). NHL is a non-specific term that encompasses a wide variety of
lymphoproliferative malignant diseases with varying clinical and histological
appearances as well as incidence patterns (Evans and Hancock, 2003; Jemal et al.,
2011).
For the year 2012 it was estimated that 385,741 new NHL cases occurred worldwide
and 199,630 people died from it (GLOBOCAN 2012, IARC).
Accounting for ≈ 40% of all NHLs, B-cell lymphomas are most common in western
countries (Alexander et al., 2007). Similar to other types of cancer environmental
factors, life style and genetic predisposition are discussed to promote NHL
development (Boffetta, 2011).
As NHL etiology remains obscure and humans and canines present similar disease
progression and response to chemotherapy-based regimen, the dog is a very
important large animal model (Rowell et al., 2011).
14
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Canine lymphomas are estimated to occur in 13 to 24 cases per 100,000 dogs each
year with rising up to 84 cases annually per 100,000 in the group of 10 to 11 years
old animals (Withrow and Vail, 2012). According to a previous study, approximately
60 % of the canine lymphomas are B-cell lymphomas and one third is represented
by T-cell lymphomas (Ponce et al., 2010).
The value of the canine model depends on the possibility to discriminate between
these spontaneously occurring lymphoma subgroups (Ponce et al., 2010) thus
identification of molecular markers is of great interest not only for veterinarians but
also for research on comparative oncology.

1.1.3. miRNA biogenesis and function
Micro RNAs (miRNA) are small non-protein-coding endogenously expressed RNA
molecules. The primary miRNA (pri-miRNA) transcripts form, owing to an intrinsic
self-complementarity, a hairpin structure consisting of a “loop-” and a “stem”-region.
The nuclear enzyme Drosha cuts the pri-miRNA precursor, which can be up to
several kilo bases in length, between the flanking sequences and the “stem” (Fig.
2). The nascent precursor, the precursor-miRNA (pre-miRNA, approximately 70 nt
in length) is exported by Exportin-5 into the cytoplasm where it is further processed
by Dicer into the mature double-stranded miRNA (approximately 20 bp in length).
The “guide strand” of the mature miRNA is loaded into the RNA induced silencing
complex (RISC) which recognizes the 5’-, the 3’-untranslated region (UTR) or in
some cases exon regions of the target mRNA leading to translational repression
(Mondol and Pasquinelli, 2012). The second strand, the “passenger strand” is
usually degraded (Filipowicz et al., 2008) (Fig. 2).

15
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Figure 2 Schematic overview of the miRNA biogenesis and mode of action (Wagner et al., 2014).
The endogenous miRNA precursors form a hairpin structure due to the intrinsic self-complementarity.
The nuclear enzyme Drosha cuts the hairpin between the “stem” and the flanking regions, the
released precursor miRNA is transported by Exportin-5 into the cytoplasm. After export the precursor
is further processed by Dicer into the mature double stranded miRNA consisting of a “guide” and
“passenger” strand. In the following the “guide” strand is incorporated into RISC, the passenger
strand is usually degraded. RISC recognizes with the incorporated miRNA strand the target mRNA
and blocks its translation into the protein.

miRNAs regulate diverse biological processes such as development (Zhao et al.,
2005), differentiation (Kawasaki and Taira, 2003), proliferation (Viticchie et al.,
2011), apoptosis (Cimmino et al., 2005), and stress response (Croce and Calin,
2005). It is remarkable that a single miRNA can orchestrate the expression of
several genes as well as a single gene can be regulated by a set of different miRNAs
(Reinhart et al., 2000; Winter et al., 2009; Chen et al., 2011).
In the last decades numerous miRNA encoding genes were described, many of
these were reported to be implicated in cardiovascular diseases (Filipowicz et al.,
2008; Creemers et al., 2010), muscular disorders (Cacchiarelli et al., 2010; Mizuno
et al., 2011), diabetes (Kantharidis et al., 2011), renal fibrosis (Li et al., 2013) and
various cancer entities such as melanoma (Noguchi et al., 2013), mammary cancer
16
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(Boggs et al., 2008), lymphoma (Di Lisio et al., 2012) and prostate cancer (Kong et
al., 2012; Ru et al., 2012).

1.1.4. miRNA let-7 and associated genes
One of the large class of miRNAs is let-7, which was the second miRNA discovered
and designated as lethal-7 (let-7) according to the phenotype of a let-7 deficient C.
elegans mutant (Reinhart et al., 2000). Soon thereafter, in a variety of species
further let-7 homologs were identified (Pasquinelli et al., 2000).
Compared to “less complex” organisms such as worms, vertebrates possess a
higher number of let-7 isoforms (Mondol and Pasquinelli, 2012). Until now 13 human
let-7 family members were described (let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c,
let-7d, let-7e, let-7f1, let-7f2, let-7g, let-7i, miR-98 and mir-202). These miRNA
precursors code for 10 diverse mature let-7 miRNAs (Wang et al., 2012). Even
though the role of the let-7 family is still not fully deciphered yet, it is evident that
these molecules have a distinct expression pattern in developmental processes of
animals (Pasquinelli et al., 2000). Being barely detectable at the embryonic stage,
the let-7 miRNAs present higher levels in differentiated adult tissues (Reinhart et al.,
2000; Thomson et al., 2006).
An aberrant let-7 expression was found in several malignant neoplasias such as
lung cancer (Johnson et al., 2007; Tay et al., 2014), prostate cancer (Dong et al.,
2010; Liu et al., 2012a; Nadiminty et al., 2012b), lymphoma (Sampson et al., 2007)
and many more (Boyerinas et al., 2010; Sterenczak et al., 2014).
Remarkably, several of the direct let-7 target genes such as HMGA1 (Rahman et
al., 2009; Joetzke et al., 2010; Schubert et al., 2013), HMGA2 (Mayr et al., 2007;
Winkler et al., 2007; Joetzke et al., 2010; Sterenczak et al., 2014), c-Myc (Sampson
et al., 2007; Liu et al., 2012b), CCND2 (Dong et al., 2010), IL6 (Iliopoulos et al.,
2009) and NRAS (Gideon et al., 1992; Johnson et al., 2005; Fernandez-Medarde
and Santos, 2011) are as well commonly deregulated or affected by mutations in a
variety of human and canine cancers. These protein-encoding targets in turn spread
the signal wave further on and modify the biogenesis and activity of other, often in
cancer aberrantly expressed genes such as AR (Boonyaratanakornkit et al., 1998;
Attard et al., 2009; Lyu et al., 2013), FolH1 (Colombatti et al., 2009; Bouchelouche
et al., 2010; Cho and Szabo, 2013), HMGB1 (Pierantoni et al., 2007; Tang et al.,
17
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2010; Ueda and Yoshida, 2010), Klf4 (Klaewsongkram et al., 2007; Le Magnen et
al., 2012), MAPK1 (Dhillon et al., 2007; Gerits et al., 2008), PI3KCA (Engelman et
al., 2006; Castellano and Downward, 2011), and PTEN (Ma et al., 2009).
Remarkably, all these genes are tightly interwoven with each other and the miRNA
let-7 family appears to be one of the major players in the controlled expression of
these genes in healthy cells. For a better overview, the complex interactions are
indicated in the figure 3.

Figure 3 Schematic overview of the interactions of the miRNA let-7 and its direct and downstream
targets. All the shown genes are commonly deregulated in human cancers. The indicated interactions
are on transcriptional, post-transcriptional or post-translational level (Wagner et al., 2014). Targets
which were analyzed within this thesis are depicted in white, bold typed letters.
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1.2. Model organism dog
As mentioned before, deeper knowledge of the molecular processes in human and
animal cells is important and would not only improve the choice of the best suited
animal model for a certain kind of cancer but as well advance progress in the
identification and evaltion of the most effective molecular drugs and targets.
Although the commonly used murine xenografts with induced tumors are a valuable
model for cancer research, closing the missing link between cell culture experiments
and studies on the canine model (Pinho et al., 2012), they bear major limitations.
Among these are the lacking influence of an intact immune system, tumor growth
over long periods of time, the significant heterogeneity in tumor cell populations and
the tumor microenvironment (Waters et al., 1997; Leroy and Northrup, 2009; Pinho
et al., 2012).
In this regard, the domesticated dog qualifies as a large animal model for various
human diseases (Eaton et al., 1995; Lin et al., 1999; Rofina et al., 2003; Lohi et al.,
2005; Ionut et al., 2008; Shan et al., 2009; Mizuno et al., 2011) including mammary
cancer (Boggs et al., 2008), osteosarcoma (Mueller et al., 2007), melanoma
(Noguchi et al., 2011), prostate cancer (Cornell et al., 2000; Winkler et al., 2007)
and lymphoma (Joetzke et al., 2010; Sterenczak et al., 2010; Uhl et al., 2011). In
this context it is remarkable that ≈ 1 million pet dog cancer cases are diagnosed
each year in the United States (Paoloni and Khanna, 2008). As dogs often live side
by side with their owners and are part of the family (Rowell et al., 2011) this offers
a great number of patients with intensively monitored disease progression enabling
comparative cancer studies.
Taken together, the dog shares many features with man, including tumor genetics,
molecular targets, histological appearance, response to conventional therapies (Vail
and MacEwen, 2000; Withrow and MacEwen, 2001; Paoloni and Khanna, 2008;
Pinho et al., 2012) and a similar clinical manifestation of many neoplasias
(Ostrander et al., 2000; Sutter and Ostrander, 2004; Ponce et al., 2010). Additionally
the mentioned let-7 associated genes present high sequence homologies. The
mature let-7 miRNAs are even up to 100 % identical between man and dog.
Thus it is of major interest to decipher the role of the miRNA let-7 family and
associated genes, which will as well shed light on the situation in human neoplasias
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and enable the development of novel more effective strategies to treat cancer in
both species.
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2. Aims of the thesis
The analysis of the canine miRNA let-7 and its direct target genes, the HMGAs was
the focus of the present thesis. For that purpose the expression pattern, structure
and function of these genes and their products were investigated in the context of
canine prostate cancer, lymphomas and stem cells.
In addition, based on the notion that these genes were found to be deregulated in
various cancer entities, several tools/methods were constructed/established to
modify their expression in vitro and in vivo. Finally, tools for target expression
analyses were evaluated.

2.1.1. Expression analyses
→

Identification of potential molecular tumor markers for canine prostate cancer

→

Quantitative analyses of the HMGA1 and HMGA2 genes in canine B-cell and
T-cell lymphomas

2.1.2. Structural and functional HMGA analyses
→

Characterization of the canine HMGA1 gene structure

→

Analysis of the HMGA2 impact on HMGA2/let-7 axis an cell growth in prostate
cancer

→

Investigation of the HMGA1 and HMGA2 protein impact on adipose-derived
mesenchymal stem cells

2.1.3. Tools for modification and detection of gene expression
→

Construction of let-7 encoding vectors for modification of gene expression

→

Establishment of an adeno-associated virus (AAV) genome purification
protocol for subsequent accurate AAV quantification

→

Evaluation of a gold-nanoparticle mediated laser-transfection method for in
vitro approaches

→

PSMA antibody (clone YPSMA-1) evaluation for cross-reactivity with the
canine protein homolog in WB and target verification by mass spectrometry
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4. Results
4.1. Gene expression analyses
4.1.1. Prostate cancer
Human PC is accepted to be a hormone dependent tumor. The androgen
deprivation therapy is thus the standard palliative treatment modality of primary
advanced tumors. Nevertheless, the majority of the patients relapse subsequently
due to castration resistance (Divrik et al., 2012).
Although much progress in diagnosis and therapy of PC has been made there are
still many men with potentially indolent disease being treated. On the other hand
this malignancy contributed to approximately 310,000 cases of cancer-related
deaths in 2012 (GLOBOCAN 2012, IARC) highlighting the importance of molecular
PC markers.
As PC occurs spontaneously in human and dog (Withrow and Vail, 2012) and
additionally shares many functional and morphological features (Leroy and
Northrup, 2009) the following section deals with the analyses of gene expression in
canine PC.
To provide an overview about the genes involved in PC the first review article in this
section highlights the role of the miRNA let-7 and associated genes in the human
malignancy. In the second experimental study the expression of several genes
deregulated in human PC and other neoplasias was analyzed in canine prostatic
samples.

I.

Role of miRNA let-7 and its major targets in prostate cancer.

Wagner et al., Biomed Research International, 2014

In the following review article the molecular interactions between the miRNA let-7
family members, its direct targets and regulators HMGA1, HMGA2, CCND2, IL6, AR
and RAS as well as the downstream target HMGB1, which is implicated in all
proposed hallmarks of cancer, were described. The role of these genes, which were
previously shown to be deregulated in a variety of human malignant neoplasias was
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critically reviewed in the context of prostate cancer etiology with miRNA let-7 being
the central point.
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I.

Role of miRNA let-7 and its major targets in prostate
cancer
Siegfried Wagner, Anaclet Ngezahayo, Hugo Murua Escobar, Ingo Nolte

Hindawi, Biomed Research International, 2014

Own contribution:
-

Literature search and data analyses
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Partial manuscript drafting

-

Preparation of all figures
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IX.

Let-7 and associated genes in canine prostate cancer.

Wagner et al., in preparation for submission.

As previously reviewed by us deregulation of the miRNA family let-7 and associated
genes is likely to be an important factor in PC. Thus the expression of HMGA1,
HMGA2, HMGB1, CCND2, FolH1, NRAS, c-Myc, MAPK1, PI3KCA, PTEN, IL6, Klf4
and let-7a was analyzed in a set of 14 canine prostatic samples. Prior to the
screening analyses eight novel real-time PCR assays for the canine CCND2, FolH1,
NRAS, c-Myc, MAPK1, PI3KCA, PTEN, and IL6 genes were evaluated.
The screening of the canine targets revealed elevated let-7a levels in the diseased
specimen compared to the non-neoplastic tissues. HMGA2 was highly
overexpressed in all adenocarcinoma derived tissues and cell lines, whereas
MAPK1 and HMGB1 were decreased in the malignant samples.
In summary, four potential molecular marker for canine prostate cancer were
identified building the basis for ongoing comparative cancer research.
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IX.

Let-7 and associated genes in canine prostate cancer
Siegfried Wagner, Nina Eberle, Anaclet Ngezahayo, Ingo Nolte, Hugo Murua
Escobar

In preparation for submission.

Own contribution:
-

Partial manuscript drafting
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RNA isolation
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Quantitative real-time PCR assay design and evaluation

-

Target quantification by relative real-time PCR

-

Statistical analyses of real-time PCR results

-

Figure preparation
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4.1.2. Lymphoma
Non-Hodgkin lymphoma treatment strategies depend on the specific type of
lymphoma, in this regard the value of the canine model depends on the possibility
to discriminate between the lymphoma subgroups (Ponce et al., 2010).
This section deals with expression analyses of the let-7 regulated HMGA1 and
HMGA2 genes in canine B- and T-cell lymphomas. The following research study
provides information concerning the potency of these two genes as marker for
canine

lymphoma.

This

knowledge

is

precondition

for

the

following

development/application of miRNA let-7 based therapeutic approaches.

V.

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 et al., Veterinary and Comparative Oncology, 2010

Aberrant HMGA1 and HMGA2 expression was found in many human malignancies
but their precise role in canine hematopoietic cancer was not addressed so far.
By that reason the potential of the HMGA genes as diagnostic and therapeutic
targets in lymphomas was evaluated in the following study analyzing the expression
pattern of HMGA1 and HMGA2 in canine samples.
HMGA expression in lymph node specimens of 23 dogs with lymphoma was
compared to three samples from dogs euthanized by the reason of other diseases.
It could be shown by quantitative real-time PCR that the median HMGA1 expression
was significantly higher in lymph nodes of lymphoma patients compared to the
control specimens. In contrary to HMGA1, HMGA2 did not show significant
differences in expression levels between the lymphoma-affected and non-affected
groups. However, HMGA2 levels were found to be increased in the T-cell
lymphomas subpopulation.
In conclusion the observed HMGA deregulation in the analyzed set of canine
lymphomas indicates an important role of the HMGA genes as differentiation
markers in canine lymphomas. The herein presented study provides the basis for
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future comparative research dealing with prognostic, diagnostic and therapeutic
approaches.

69

Results

V.

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.

Vet Comp Oncol. 2010 Jun;8(2):87-95.

Own contribution:
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Canine HMGA1 real-time PCR assay design and evaluation
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4.1.3. Comparison of non-coding RNAs in human and canine cancer
The microRNA (miRNA) family let-7 appears to play a major role in human and
canine cancer. Thus deciphering the mode of action and regulation of let-7 but also
of other miRNAs will greatly contribute to the development of novel cancer treatment
strategies.
The post-transcriptional gene silencing (PTGS) is a conserved phenomenon
triggered among others by miRNAs. These are highly conserved among eukaryotes
and

influence

diverse

biological

processes

by

regulating

genes

on

post-transcriptional and evidently on transcriptional level. Owing to their high
stability in body fluids (Brase et al., 2010) and involvement in various diseases
miRNAs bear great potential for the development of novel prognostic, diagnostic
and treatment modalities.

III.

Comparison of non-coding RNAs in human and canine cancer.

Wagner et al., Frontiers in Genetics, 2013.

Herein the previously described miRNA expression patterns in non-neoplastic
diseases and malignant neoplasias of the human and the domesticated dog were
reviewed and compared.
Additionally, all known human and canine mature miRNA sequences listed in the
miRBase data base (Sanger Institute, version 16.0) were aligned with each other.
The in silico analyses revealed that more than 2/3 of the listed canine miRNAs
present absolute sequence complementarity to the human homologs, indicating a
similar function in human and dog as evidenced by similar expression pattern in the
analyzed malignancies.
Finally the potential and advantages of the canine model for tumor research were
highlighted.
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III.

Comparison of non-coding RNAs in human and canine
cancer
Siegfried Wagner, Saskia Willenbrock, Ingo Nolte and Hugo Murua Escobar

Front Genet. 2013;4:46.

Own contribution:
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Literature search and data analyses

-

Partial manuscript drafting
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4.2. Structural and functional HMGA analyses
As it was shown in the previous sections and previously described by other groups
the miRNA let-7 family appears to be one of the key players in gene regulation. Thus
let-7 based therapeutic approaches might be an option to treat cancer in future.
However, before treating a defined cancer entity with let-7 based/modifying
therapeutics it is precondition to know why let-7 regulated genes are aberrantly
expressed and what is their function in a cell.
Thus the gene structure of the canine HMGA1 gene was analyzed in this part of the
thesis. Additionally the influence of HMGA2 on the HMGA2/let-7 axis in a canine
prostatic cell line was investigated. And finally the potency of the HMGA1 and
HMGA2 proteins on maintenance of the stem-cell character was evaluated.

VI.

Genomic characterisation, chromosomal assignment and in vivo
localisation of the canine high mobility group A1 (HMGA1) gene the
Canine High Mobility Group A1 (HMGA1) Gene.

Beuing et al., BMC Genetics, 2008

Herein the canine HMGA1 gene was characterized revealing a structure consisting
of seven exons and six introns lacking the equivalent to the human exon 4.
Additionally, the canine HMGA1 gene which spans in total 9524 nt was assigned to
the chromosome 12 (CFA 12q11). Furthermore the canine HMGA1 protein was
localized in the nucleus of canine cells.
Finally, 55 Dachshunds were screened for a previously described exon 6 mutation
of the HMGA1 gene. The results indicate that the previously found mutation of this
locus seems not to be a frequent, breed specific event in the Dachshund population.
The obtained results will enable comparative analysis of the human and canine
HMGA1 products, thereby providing the basis for ongoing investigations of HMGA1
related diseases.
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VI.

Genomic Characterisation, Chromosomal Assignment
and in Vivo Localisation of the Canine High Mobility
Group A1 (HMGA1) Gene
Claudia Beuing, Jan T Soller, Michaela Muth, Siegfried Wagner, Gaudenz Dolf,
Claude Schelling, Andreas Richter, Saskia Willenbrock, Nicola Reimann-Berg,
Susanne Winkler, Ingo Nolte, Jorn Bullerdiek, Hugo Murua Escobar

BMC Genet. 2008; 9: 49.

Own contribution:
-

HMGA1 gene amplification, cloning and characterization

-

Transfection experiments

-

Localization and documentation of the recombinant EGFP-HMGA1 fusion
protein by fluorescence microscopy

-

Partial figure preparation (Fig. 2)
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II.

Generation and Characterisation of a Canine EGFP-HMGA2 Prostate
Cancer In Vitro Model.

Willenbrock et al., PLoS One, 2014

HMGA2 re-expression was found in several cancer entities including canine
prostate cancer. Additionally the balance between HMGA2 and its regulator the
micro RNA let-7 is discussed to play a major role in tumor etiology. Thus the canine
prostatic cell line CT1258-EGFP-HMGA2 stably overexpressing HMGA2, which was
fused to EGFP and additionally the reference cell line CT1258-EGFP, which
expresses solely the green fluorescent protein EGFP, were established and
characterized by flow cytometry, fluorescence microscopy, immunocytochemistry,
quantitative real-time PCR, karyotype analyses and proliferation assays.
Both cell lines presented hyperdiploid karyotypes as described for the native
prostate

cell

line

CT1258.

HMGA2

transcript

over

expression

in

CT1258-EGFP-HMGA2 was confirmed by quantitative real-time PCR, nuclear
HMGA2 protein accumulation was verified by fluorescence microscopy and
immunocytochemistry. Proliferation tests revealed a positive HMGA2 impact on cell
growth. Analyses by qRT-PCR showed a statistically significant positive effect on
the miRNA let-7a and HMGA1 levels but not on the other analyzed HMGA2
associated genes.
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II.

Generation and Characterisation of a Canine EGFPHMGA2 Prostate Cancer In Vitro Model.
Saskia Willenbrock, Siegfried Wagner, Nicola Reimann-Berg, Mohammed Moulay,
Marion Hewicker-Trautwein, Ingo Nolte, Hugo Murua Escobar

PLoS One. 2014 Jun 10;9(6):e98788.

Own contribution:
-

RNA isolation and cDNA synthesis

-

Quantitative real-time PCR

-

Statistical analyses of real-time PCR results

-

Figure preparation (real-time PCR results)

-

Partial manuscript drafting
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4.2.1. HMGA protein impact analyses on stem cells
Well defined and reproducible cell culture conditions that allow large-scale
production of stem cells whilst maintaining their characteristic features are of great
interest in the field of tissue engineering.
In addition, as cancer stem cells (CSC) are hypothesized to contribute to cancer
aggressiveness (Adams and Strasser, 2008) and are difficult to enrich, basic cancer
research relies as well on alternative stem cell sources.
Multipotency and self-renewal are believed to be the most important features of
stem cells enabling persistence in adult tissues throughout life. Therefore the
proliferation impacting role of the let-7 regulated transcription factors HMGA1 and
HMGA2 on adipose-tissue-derived mesenchymal stem cells (ADMSCs), were
analyzed in the following study.

IV.

Effects of High-Mobility Group A Protein Application on Canine
Adipose-Derived Mesenchymal Stem Cells In Vitro.

Ismail et al., Veterinary Medicine International, 2010

The multilineage differentiation potential of the used canine ADMSCs was
demonstrated by induced differentiation into osteogenic, chondrogenic and
adipogenic cell lineages.
The effect of the ectopic HMGA1 and HMGA2 proteins on the proliferation rate of
the treated canine ADMSCs was investigated in vitro with a colorimetric BrdU cell
proliferation ELISA. Growths analysis revealed a negative HMGA1 effect on the
ADMSCs at all tested concentrations (10 – 200 ng/ml). The combined cell treatment
with HMGA1 and HMGA2 (100, 200 ng/ml) presented as well as in HMGA1
stimulated cells an anti-proliferative effect. The application of HMGA2 alone in the
same concentrations as HMGA1 had no measurable impact on canine ADMSC
proliferation.
The in vitro HMGA2 impact on the expression of the multi-potency factors Klf4,
SOX2, c-Myc, OCT4, and additionally endogenic HMGA2 was analyzed by a
quantitative two-step real-time PCR. Treatment with ectopic HMGA2 was
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demonstrated to have no measurable influence on the expression these genes in
canine ADMSCs.
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IV.

Effects of High-Mobility Group A Protein Application on
Canine Adipose-Derived Mesenchymal Stem Cells In
Vitro
A. A. Ismail*, S. Wagner*, H. Murua Escobar, S. Willenbrock, K. A. Sterenczak, M.
T. Samy, A. M. Abd El-Aal, I. Nolte, P. Wefstaedt

* Authors contributed equally to the study

Vet Med Int. 2012; 2012: 752083.

Own contribution:
-

Design of the Klf4 real-time PCR assay

-

Total RNA isolation

-

Quantitative real-time PCRs

-

Figure preparation (real-time PCR results)

-

Proliferation tests and data analysis

-

Partial manuscript drafting
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4.3. Tools for modification and detection of gene expression
Following cancer diagnosis and identification of deregulated genes, gene
therapeutic approaches can be harnessed to reconstitute or suppress the targets of
interest. For that purpose several let-7 encoding expression vectors were
constructed herein.
The successful treatment with gene constructs or products depend highly on the
efficient transfer of the corresponding molecules into the cell of interest and
additionally on exact titer.
As the commonly used transduction and transfection techniques have to be further
optimized a new gold nanoparticle based transfection method was evaluated.
Additionally, for the accurate quantification of adeno-associated viruses (AAV) a
novel viral genome purification protocol for the subsequent analyses by real-time
PCR was established.
Finally, following gene expression modification it is necessary to have appropriated
tools to monitor the target protein expression, thus cross-reactivity of a PSMA
antibody was evaluated with the canine PSMA protein.

4.3.1. Generation of miRNA let-7 constructs
For coming analyses of the canine miRNA let-7 family members let-7a1, let-7a2, let7b, let-7c, let-7d, let-7e, let-7f, let-7g and let-7i the precursor encoding sequences
of were successfully amplified and cloned into the commercially available
pGEM-T-Easy vector (Tab. 1).
Additionally the let-7a1, let-7a2 and let-7b variants were cloned into the
multiple-cloning site of a commercially available pAAV-MCS vector. The expression
cassette of these vectors is flanked by inverted-terminal repeats (ITRs). When using
this vector for AAV production the part between the ITRs will be packaged into the
viral particles (Tab. 1).
Moreover the canine let-7a1, let-7a2 variants as well as a non-sense “scrambled”
control sequence and an artificial let-7a encoding construct were cloned into the
commercially available pEP-has-let-7a2 vector replacing the intrinsic human let-7a2
precursor. The expression cassette of this plasmid has an EF1α-promoter and
carries additionally a puromycin resistance gene, enabling stable transfection of
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cells. In the following these expression cassettes were used to replace the part
between the ITR of the pAAV-MCS vector (Tab. 1).

Table 1 let-7 encoding vectors
Vector name

Insert

pGEM-T-Easy-cfa-let-7a1
pGEM-T-Easy-cfa-let-7a2
pGEM-T-Easy-cfa-let-7b
pGEM-T-Easy-cfa-let-7c
pGEM-T-Easy-cfa-let-7d
pGEM-T-Easy-cfa-let-7e
pGEM-T-Easy-cfa-let-7f
pGEM-T-Easy-cfa-let-7g
pGEM-T-Easy-cfa-let-7i
pAAV-CMV-let-7a1
pAAV-CMV-let-7a2
pAAV-CMV-let-7b
pEP-cfa-let-7a1
pEP-cfa-let-7a2
pEP-scrambled
pEP-AMPM-let-7a
pAAV-EF1α-cfa-let-7a1
pAAV-EF1α -cfa-let-7a2
pAAV-EF1α -scrambled
pAAV-EF1α -AMPM-let-7a

Canine let-7a1
Canine let-7a2
Canine let-7b
Canine let-7c
Canine let-7d
Canine let-7e
Canine let-7f
Canine let-7g
Canine let-7i
Canine let-7a1
Canine let-7a2
Canine let-7b
Canine let-7a1
Canine let-7a2
Non-sense DNA
Artificial let-7a construct
Canine let-7a1
Canine let-7a2
Non-sense DNA
Artificial let-7a construct
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4.3.2. AAV genome isolation for quantification by absolute real-time PCR
Successful gene therapy approaches depend highly on the efficient transfer of the
gene of interest into a cell.
One of the commonly harnessed viral vectors is the adeno-associated virus (AAV)
family, which bears many advantages like a broad tropism, the disability of
self-replication and especially a low immune response (Berns and Bohenzky, 1987;
Snyder and Flotte, 2002; Nathwani et al., 2011; Shin et al., 2013). Although the
maximal size of the AAV genome is limited (~ 4.7 kilo bases) (Srivastava et al.,
1983) it is sufficient for the therapeutic delivery of small genes such as miRNAs
(Kota et al., 2009; Mueller et al., 2012).
Accordingly, major steps were taken aiming to optimize the recombinant AAV
generation, purification and titration methods. However, these protocols need still
further optimization, especially the quantification techniques should not be
overlooked as the correct viral titer is prerequisite for the reproducibility of an
experiment and a safe application in therapy.

X.

Improved rAAV genome isolation for quantification by absolute
real-time PCR.

Wagner et al., in preparation for submission.

In the following technical note a novel AAV genome purification protocol is
presented. For that purpose recombinant serotype 2 AAVs carrying the betagalactosidase gene, were produced. In the next step the AAV genomes were
isolated according to the novel protocol and to two commonly used procedures.
Finally, all AAV genomes were quantified by absolute quantitative-real time PCR as
previously described by Dr. Jan Soller (doctoral thesis entitled “Strukturelle und
funktionelle Analyse ausgewählter High Mobility Group Gene des Haushundes”).
It could be demonstrated, that the novel protocol is less prone to errors and most
importantly the measured AAV genome titers are more accurate compared to the
other two tested protocols.
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X.

Improved rAAV genome isolation for quantification by
absolute real-time PCR
Siegfried Wagner, Anaclet Ngezahayo, Hugo Murua Escobar, Ingo Nolte

In preparation for submission.

Own contribution:
-

Genomic adeno-associated virus DNA isolation

-

Quantitative real-time PCR

-

Statistical analyses of real-time PCR results

-

Figure preparation (real-time PCR results)

-

Partial manuscript drafting
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4.3.3. AuNP based laser-transfection
Biotechnological advances in the last decades enabled the use of genes as drugs
and targets, and the manipulation of eukaryotic cells for therapeutic approaches.
Nevertheless, the efficiency, safety, and toxicity of the commonly used transduction
and transfection techniques have to be further optimized especially for sensitive cell
types.

VII.

Characterization of Nanoparticle Mediated Lasertransfection by
Femtosecond Laser Pulses for Applications in Molecular Medicine.

Schomaker et al., Journal of Nanobiotechnology, 2015.

In the following research article the evaluation of an alternative gold nanoparticle
mediated laser transfection protocol was described, offering a novel procedure for
a highly efficient, minimally cell-toxic and up scalable in vitro manipulation of
mammalian cells.
Basically, the inflow of extracellular molecules into cells was achieved by fs-laser
excitation of cell-membrane-adhered spherical gold nanoparticles inducing a
localized membrane permeabilization. To explore the initial mechanism of
membrane perforation theoretical simulations and laser induced effects were
experimentally investigated by spectrometric and microscopic analysis. The
obtained results indicate that near field effects are the initial mechanisms of
membrane permeabilization.
For proof of principle the canine prostatic adenocarcinoma derived cell line CT1258,
which highly overexpresses the oncogene HMGA2, was transfected with
fluorophore-labeled short interfering RNAs (siRNAs). The intake of the siRNAs was
controlled by flow cytometry revealing a transfection efficacy of about 90 % and a
cell viability of 93 %. Finally, siRNA functionality was analyzed by transfection of the
same cell line with anti-HMGA2 short interfering RNAs (siRNAs). A target mRNA
down regulation of approximately 40 % could be detected by quantitative real-time
PCR.
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VII.

Characterization of Nanoparticle Mediated
Lasertransfection by Femtosecond Laser Pulses for
Applications in Molecular Medicine
Markus Schomaker, Dag Heinemann, Stefan Kalies, Saskia Willenbrock, Siegfried
Wagner, Ingo Nolte, Tammo Ripken, Hugo Murua Escobar, Heiko Meyer, Alexander
Heisterkamp

Journal of Nanobiotechnology, 2015.

Own contribution:
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RNA isolation and cDNA synthesis
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Quantitative real-time PCR
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Statistical analyses of real-time PCR results

-

Figure preparation (real-time PCR results)

-

Partial manuscript drafting
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4.3.4. Verification of a canine PSMA (FolH1) antibody
Prostate cancer is a highly aggressive malignancy in pet dogs. In contrast to man
currently neither standard screening strategies nor curative therapeutic options are
available for dogs. In human medicine PSMA is successfully used as therapeutic
target for human prostate cancer (Ikegami et al., 2006; Milowsky et al., 2007).
However, in dogs the studies on PSMA expression in prostatic tissues are
contradictory (Aggarwal et al., 2006; Lai et al., 2008) concerning their specificity for
PSMA detection.
Despite the high amino acid homology of 91 % between the human and canine
PSMA (Schmidt et al., 2013), validated data on cross-reactive antibodies are still
missing.

VIII.

Verification of a canine PSMA (FolH1) antibody.

Wagner et al., Anticancer Research, 2015.

By this reason in the following manuscript a monoclonal antibody, reactive with
human PSMA protein was evaluated for cross-reactivity with the canine counterpart
in Western Blot (WB) analysis. Antibody cross-reactivity with the canine protein in
WB was confirmed by mass spectrometry proofing the YPSMA-1 antibody clone
specificity for canine PSMA. This antibody represents a reliable tool for coming
comparative PSMA studies.
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VIII.

Verification of a canine PSMA (FolH1) antibody
Siegfried Wagner, Denise Maibaum, Andreas Pich, Ingo Nolte, Hugo Murua
Escobar

Anticancer Research, 2015.

Own contribution:
-

Planning of experiments

-

Figure preparation (WBs)

-

Partial manuscript drafting
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Copyrighted publication (http://www.ncbi.nlm.nih.gov/pubmed/25550545).
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5. Discussion
Cancer is a group of malignant diseases spontaneously occurring in human and
animals. Except hereditary an unhealthy life style, poor nutrition and environmental
risk factors are favoring molecular deregulations and mutations, which contribute to
the malfunction of genes (American Cancer Society. Cancer Facts & Figures 2013).
In the last decades a huge number of genes were identified with many of them being
frequently deregulated in malignant neoplasias. On this basis various molecular
diagnostic, prognostic and therapeutic approaches for cancer treatment were
developed. Nevertheless, a large percentage of patients still die after developing
cancer despite of an aggressive treatment regimen (Goldblatt and Lee, 2010),
highlighting the need for better therapeutic agents and for biomarkers enabling early
diagnosis.
The development of novel, more effective cancer treatment strategies relies on a
better knowledge of the genetic and epigenetic changes contributing to this kind of
malignancy. In this regard model organisms play a great role.
As pet dogs meet many of the criteria constituting a good model for different human
cancer entities, the aim of the present thesis was the analysis of several canine
orthologous genes in the context of canine malignant neoplasias.

5.1. Gene expression analyses
5.1.1. Prostate cancer
Although the knowledge of the molecular changes in PC has significantly increased
in the last decades, its diagnosis and therapy are still challenging. Additionally,
actually no reliable molecular marker for treatment of canine PC exist thus the
treatment is mostly palliative (Leroy and Northrup, 2009) similarly to the human
hormone refractory PC (Divrik et al., 2012).
Within the first review article presented within this thesis it was highlighted that the
miRNA let-7 family, the directly by let-7 regulated protein-encoding genes CCND2,
HMGA1, HMGA2, IL6, RAS as well as the downstream targets AR and HMGB1, all
of which are commonly deregulated in human prostate cancer and other neoplasias,
are not acting in solitude but are closely interwoven with each other. Additionally, it
is of special interest that the miRNA let-7 family members are major players in the
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regulation of these genes and appear to contribute greatly to the maintenance of the
“Ying and Yang” in non-neoplastic cells. For that reason the complex intra- and
intercellular genetic interactions of the let-7 family and associated genes must be
further investigated.
Owing to that the second presented study deals with the expression analysis of
HMGA1, HMGA2, their regulator the miRNA let-7a, additionally the other above
mentioned let-7 targets and the associated genes FolH1, Klf4, MAPK1, PI3KCA,
and PTEN in canine PC. The expression of the canine AR was not quantified as the
transcripts encoded by this gene were not adequately characterized.
In accordance with a previous study from Winkler and colleagues (Winkler et al.,
2007), HMGA2 was statistically significantly over expressed in all herein analyzed
adenocarcinoma derived tissues of the canine prostate gland and in the
adenocarcinoma derived prostatic cell lines CT1258 and DT08/46. On the other
hand low HMGA2 levels were measured in all non-neoplastic samples. This is in
accordance with the previous observation that in humans HMGA2 expression is low
or barely detectable in most adult tissues (Rommel et al., 1997).
Compared to non-neoplastic tissue specimens elevated levels of the HMGA2
regulator let-7a were present in the hyperplastic and malignant tissues as well as in
the three cell lines CT1258, DT08/40 and DT08/46. Remarkably, a similar
observation, previously made by our group, was that in canine oral squamous cell
carcinomas HMGA2 and let-7a expression was as well up regulated (Sterenczak et
al., 2014). This are interesting similarities, as the regulator and target gene do not
show a reciprocal correlation as described in human lung cancer (Lee and Dutta,
2007).
However if the elevated let-7a levels are a cellular response to elevated oncogene
levels, which are regulated by let-7a or if cancer develops as a consequence of the
let-7a up regulation needs to be clarified.
Human PC-3 cells were previously reported to exhibit a defective MAPK pathway.
Reconstitution of this pathway by expression of a constitutively active, recombinant
MAPK1 effectively reversed the neoplastic phenotype and prevented aberrant cell
proliferation (Moro et al., 2007). In accordance, lowest MAPK1 levels were found in
all malignant canine PC samples. On the other hand MAPK1 up regulation was
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monitored to be associated with survival of castrate-resistant human PC (Mukherjee
et al., 2011).
Similarly to MAPK1, HMGB1 expression was statistically significantly lower in the
malignant tissues as well as in two of three cell lines. In contrast to the expression
in the herein analyzed canine PC samples, previous studies reported elevated
HMGB1 levels among others in human PC (Ishiguro et al., 2005; Tang et al., 2010).
The expression analyses of the other protein-encoding genes did not present a
correlation with canine PC. However, as the total number of prostatic samples used
in this study was very low (n=14) and tumors are often an accumulation of
heterogenic cells, it cannot be excluded that analysis of additional samples or
cellular sub-fractions would produce more obvious results.
Additionally, another limitation of this study is that the obtained results do not give
any information about the presence of mutations within the analyzed transcripts.
These changes might destroy or change the function of the gene products thus
having dramatic impact on the cell equilibrium without being visible in quantitative
real-time PCR (qRT-PCR) analyses. Nevertheless, the obtained data are
encouraging further studies with the canine model.

5.1.2. Lymphoma
The canine HMGA2 gene appears to be associated with cancer of the prostate gland
as reported by Winkler et al. (Winkler et al., 2007) and as confirmed herein. Owing
to that the expression of this promising molecular target as well of its sister gene
HMGA1 was investigated in canine hematopoietic cancer.
In the herein presented study from Joetzke et al. 2010 a statistically significant
HMGA1 up regulation was observed in lymph nodes from dogs with B-cell but not
T-cell lymphomas. It is notable that HMGA2 presented a reciprocal expression
pattern to HMGA1, with low transcript levels in specimen with B-cell but elevated
levels in T-cell lymphomas. Also the increased HMGA2 levels in T-cell lymphomas
were not statistically significant (possibly due to low T-cell lymphomas sample
number, n=3) these two architectural transcription factors bear great potential as
molecular therapeutic targets for the respective lymphoma subgroup but may as
well be valuable differentiation markers for canine lymphomas. Additionally, owing
to the fact that the HMGA1 as well as the HMGA2 genes are direct let-7 targets,
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these canine cancer entities could be potentially treated with let-7 based
therapeutics.
However, as the sample number in this study was very low the potency of the
HMGAs as molecular marker for canine lymphoma has to be proofed using a greater
set of tissue specimen.

5.1.3. Comparison of non-coding RNAs in human and canine cancer
Once dismissed as genomic refuse as transcribed from “junk DNA”, micro RNAs
(miRNAs) were discovered to regulate gene expression at post-transcriptional level
(Tomari and Zamore, 2005; Schubert et al., 2013) and are furthermore discussed to
be involved in the transcriptional regulation of genes (Chen et al., 2012).
The discovery of the post-transcriptional gene silencing (PTGS) mediated by
miRNAs is considered as a major breakthrough in biology. Nevertheless, the precise
role of this mechanism in cell biology is still poorly understood. Thus comparative
studies between different species are essential for cancer research.
As described in Wagner et al. 2012 more than 200 canine mature miRNAs
(approximately 2/3) were found to present full sequence homology to the published
human miRNAs (Sanger Institute, version 16.0) (Kozomara and Griffiths-Jones,
2011) enabling the use of human miRNA assays for research on canine cells.
As a great number of human and canine miRNAs are evolutionary conserved and
many of these are involved in similar diseases of both species, it is likely that the
expression patterns are also similar. Nevertheless, homologous miRNAs presenting
similar expression pattern in different species, should be considered with care as
their functions could still deviate strongly depending on other factors. Even individual
miRNAs in the same species can have oncogene suppressive functions or act
oncogenic depending on diverse tissues and different time points in development
(Boggs et al., 2008).
However, an aberrant miRNA expression is partially postulated to be an early event
in human tumorigenesis (Cortez et al., 2012). Thus many miRNAs bear great
potential as non-invasive biomarkers for different clinically relevant types of human
(Hao et al., 2011; Cortez et al., 2012; Shore et al., 2012) and as well canine cancers
(von Deetzen et al., 2013). Additionally, they present a potent target for gene
manipulation in therapeutic approaches.
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5.2. Structural and functional HMGA analyses
Chromosomal alterations of the HMGAs are as well discussed to be an early event
in tumor development (Ingraham et al., 2006; Fusco and Fedele, 2007).
Rearrangements of the human chromosome 6 (6p21) and 12 (12q15), which harbor
the HMGA1 and HMGA2 gene respectively (Manfioletti et al., 1991) were associated
with benign human lipomas (Italiano et al., 2007), pulmonary chondroid hamartomas
(Tallini et al., 2000), uterine leiomyoma (Kazmierczak et al., 1996; Nezhad et al.,
2010) and myeloid malignancies (Odero et al., 2005). Remarkably, HMGA
re-expression is as well associated with a variety of human malignant neoplasias
such pancreatic cancer (Watanabe et al., 2009), breast cancer (Shah et al., 2013),
lung cancer (Di Cello et al., 2008), retionoblastomas (Mu et al., 2010) and
lymphomas (Wood et al., 2000; Baldassarre et al., 2001). Additionally, Winkler et al.
described a correlation between HMGA2 and canine prostate cancer (Winkler et al.,
2007).
HMGA1 expression was reported to be post-transcriptionally regulated in a negative
way by members of the let-7 family (Rahman et al., 2009; Schubert et al., 2013). Its
sister gene HMGA2 is as well a let-7 target (Mayr et al., 2007). Interestingly, the
HMGA2 mRNA bears seven let-7 miRNA binding sites in its 3’-untranslated region
(3’-UTR) enabling efficient translational repression (Mayr et al., 2007).
As abnormal HMGA gene expression appears to play a role in the investigated
canine epithelial and hematopoietic cancer entities, the knowledge of their gene
structure is of great value for ongoing studies. Thus the canine HMGA1 gene
structure, which was not completely known until the year 2008, was investigated
herein.
Structural analysis of the canine HMGA1 gene as described in Beuing et al. 2008
revealed the lack of the equivalent to the human exon 4 similarly to the mouse
genome, which additionally lacks the equivalent to the human exon 3 (Pedulla et al.,
2001). Accordingly, the canine HMGA1, which is located on chromosome 12
(CFA12q11), consists of seven exons and six introns spanning in total 9524 bp.
These specification induced evolutionary changes appear not to have altered the
translation and function of the protein potentially owing to the fact that the absent
exons are not part of the protein coding sequence (Friedmann et al., 1993).
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However, a context dependent impact on transcriptional or post-transcriptional
regulation in the dog cannot be excluded.
Interestingly, the canine HMGA1 gene was previously reported to map a region,
which is not frequently affected by chromosomal alterations (Becker et al., 2003)
thus uncontrolled expression of the canine homolog is likely triggered by other
mechanisms such as point mutations, post-transcriptional or post-translational
modifications.
In this context a small nucleotide polymorphism was previously found in the exon 6
of the HMGA1 gene of a Dachshund (Murua Escobar et al., 2004). Therefore herein
55 Dachshund samples were screened for HMGA1 point mutations in the respective
exon. A breed specific predisposition was not found. However, while the presented
study focused on mutations lying within the exon 6, breed specific mutations in other
regions of the gene cannot be excluded.
Another possible mode of HMGA deregulation was indicated by a study from
Dement and colleagues, who observed a cell cycle dependent translocation of the
HMGA1 protein from the nucleus to the cytoplasm and mitochondria in the mouse
embryonic fibroblast cells NIH3T3 and the human transgenic MCF7 cell line
(Dement et al., 2005). These findings demonstrate a highly dynamic cellular HMGA1
protein function, the spatially aberrant expression of which is potentially able to
trigger cancer development.
Thus the cellular localization of the canine HMGA1 and HMGA2 proteins was
analyzed in the herein presented studies from Beuing et al. 2008 and Willenbrock
et al. 2014.
Recombinant HMGA1 and HMGA2 proteins were found to be localized in the
nucleus of canine cells, similarly to the human (Disney et al., 1989; Hristov et al.,
2009; Chiefari et al., 2012) and murine orthologs (Disney et al., 1989) presenting as
well an irregular distribution (Harrer et al., 2004; Henriksen et al., 2010). The
HMGAs are highly conserved among species (Reeves and Beckerbauer, 2001),
owing to that it is likely that they have as well very similar roles in different
organisms. Accordingly, the nuclear localization of the canine HMGA proteins
implies an identical role as architectural transcription factors as reported for other
mammalia (Narita et al., 2006; Henriksen et al., 2010).
According to the above presented results HMGA2 and its regulator the miRNA let-7a
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seem to play an important role in neoplasias of the prostate gland thus their
relationship in PC etiology is of special interest. For more detailed analyses of the
HMGA/let-7 axis, the canine PC derived cell line CT1258 was used to establish the
stably transfected cell line CT1258-EGFP-HMGA2 and the control cell line
CT1258-EGFP as described in Willenbrock et al. 2014.
CT1258-EGFP-HMGA2 cells present an in vitro model system, which highly
overexpresses an EGFP-HMGA2 fusion protein. Notably, the recombinant HMGA2
transcript lacks the 3’-UTR. This is an interesting feature as native HMGA2 mRNAs
bear seven let-7 binding sites in its 3’-UTR (Mayr et al., 2007). In accordance, native
HMGA2 transcripts were previously reported to be negatively regulated by several
members of the let-7 family (Park et al., 2007; Shi et al., 2009), which were
described to be deregulated in human PC (Dong et al., 2010; Nadiminty et al.,
2012a; Nadiminty et al., 2012b). A truncated HMGA2 transcript lacking the 3’-UTR
escapes the negative regulation by let-7 resulting in elevated HMGA2 levels (Lee
and Dutta, 2007; Mayr et al., 2007; Young and Narita, 2007).
As well of interest is the fact that HMGA2 transcripts were recently reported to
modulate the let-7 impact on the global gene expression by acting as competing
endogenous RNAs (ceRNA) (Kumar et al., 2014) potentially favoring over
expression of other direct let-7 targets such as CCND2 (Dong et al., 2010), c-Myc
(Sampson et al., 2007), and NRAS (Johnson et al., 2005). Furthermore, HMGA2
suppression was previously suggested to impact the down regulation of its sister
gene HMGA1 (Berlingieri et al., 1995), which in turn is as well negatively regulated
by let-7 (Schubert et al., 2013) and was additionally found to be aberrantly
expressed in human PC (Takaha et al., 2004; Takeuchi et al., 2012).
Herein a positive influence on HMGA1 levels by ectopic EGFP-HMGA2 expression
in CT1258-EGFP-HMGA2 cells was observed. In addition, HMGA2 over expression
appears to positively impact mature let-7a miRNA levels, but not the transcript
quantity of the analyzed HMGA2 controlled targets SNAI1, SNAI2 and CDH1. These
results are remarkable as they demonstrate the complexity of the HMGA2/let-7 axis.
A possible explanation for the increase of the mature let-7a levels following
recombinant HMGA2 expression could be a response of the cells trying to down
regulate HMGA2. Another plausible explanation could be that the endogenous
HMGA2 was down regulated upon ectopic HMGA2 over expression. Consequently
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there would be less native HMGA2 transcripts able to act as ceRNAs resulting in
increased mature let-7a levels.
In the performed qRT-PCR the total HMGA2 levels were shown to be elevated in
the cell line CT1258-EGFP-HMGA2 according to the over expression of the
EGFP-HMGA2 transcripts when compared to CT1258. However, the total HMGA2
levels do not reflect the percentage of endogenous to ectopic transcripts as the used
assay was not able to discriminate between these two transcript variants.
Moreover, a positive EGFP-HMGA2 effect on growth of canine cells was detected
as previously described for HMGA proteins in other species (Di Cello et al., 2013;
Keane and de Magalhaes, 2013). This is remarkable as the positive effect on cell
proliferation could be further stimulated by ectopic HMGA2 over expression
regardless of the already very high HMGA2 levels in the native CT1258 cells.
Furthermore,

cytogenetic

analyses

of

both

fluorescent

cell

lines

CT1258-EGFP-HMGA2 and CT1258-EGFP were performed as stable transfection
might change the chromosomal structure. In addition exogenous HMGA2 over
expression was reported to induce chromosomal aberrations following DNA
damage (Li et al., 2009).
The herein presented study revealed a comparable hyperdiploid karyotype for both
derived fluorescent cell lines as described for the native CT1258 cells (Winkler et
al., 2005). These results indicate two things: First of all the observed effects on cells
are not triggered by global chromosomal rearrangements but likely induced by
ectopic HMGA2 over expression. Secondly, the ectopically highly over expressed
HMGA2 did not induce chromosomal aberrations as reported by Li et al. (Li et al.,
2009). Though, the difference to the experiments done by Li and colleagues is that
in the presented study no DNA damage was induced in cells ectopically over
expressing HMGA2. Finally, the native CT1258 cells are potentially adapted to
elevated HMGA2 levels as this protein was already highly expressed in this cell line.
As the spatial HMGA expression appears to be a dynamic process and the HMGA2
related HMGB1 protein was described to have a cytokine like function (Muller et al.,
2001) it is tempting to hypothesize an extracellular role for the HMGAs as well. In
fact, the extracellular HMGA protein application on porcine chondrocytes was found
to have a positive effect on cell growth in vitro (Richter et al., 2009). Thus
extracellular HMGA proteins actively or passively secreted by cancer cells could
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potentially stimulate tumor growth in vivo. On the other hand due to the fact that the
HMGAs are highly expressed during embryogenesis (Chiappetta et al., 1996) but
are barely detectable in most adult tissues (Manfioletti et al., 1991; Chiappetta et
al., 1996; Rommel et al., 1997) they might be a valuable tool for cell modification
when expressed in the correct context.
To investigate if the HMGA proteins hold potential to preserve multi-potent cells from
differentiation in cell culture, and to evaluate their potential extracellular role,
recombinant

HMGAs

were

applied

onto

canine

adipose-tissue

derived

mesenchymal stem cells (ADMSCs). Subsequently, the impact of the HMGA1 and
HMGA2 proteins on the phenotype, multipotency factors and proliferation rate of
canine ADMSCs was analyzed.
Multi-potency and self-renewal are the most important characteristics of stem cells
and several factors such as the HMGA protein family were described to impact these
features (Shah et al., 2012).
Within the herein presented study from Ismail et al. 2012 it could be shown that
recombinant HMGA1 protein application alone or in combination with HMGA2 had
a positive effect on the proliferation of multi-potent canine ADMSCs. In contrast to
HMGA1, the HMGA2 application alone had no effect, neither on cell growth nor on
stem cell marker expression. This is astonishing as Richter et al. reported a
growth-promoting effect of synthetic HMGA2 peptides on canine ADMSCs (Richter
et al., 2011). One possible explanation for these controversial results is that the
peptides used by Richter and colleagues were much smaller and had no
post-translational modifications as the herein used recombinant proteins. Thus,
these could potentially be easier taken up by the cells. The assumption that the
molecule size contributes to this discrepancy is probable as the HMGAs are
architectural transcription factors (Narita et al., 2006; Henriksen et al., 2010) and
were not found yet to act as extracellular signal mediators. Owing to that it is unlikely
that HMGA2 specific receptors on the cell surface exist. Another aspect is the cell
identity due to the fact that the ADMSCs used by Richter et al. 2011 were not
proofed to be able to differentiate into other lineages as it was described in the
herein discussed study from Ismail et al. 2012. The passage number of the cells
could influence the protein impact on cells as well. An additional explanation could
be that Richter et al. 2011 used lower concentrations of fetal calf serum (FCS) in the
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used growth medium, which potentially contains bovine HMGA2. The bovine protein
homolog might have competed with the used recombinant HMGA2 proteins.
However, when accepting that HMGA2 is unspecifically taken up by the cells and
the bovine HMGA2, which is potentially present in the used FCS, can abolish the
effects of recombinant HMGA2 the following doubt still remains. As described in the
study from Willenbrock et al. 2014 ectopic EGFP-HMGA2 over expression in
CT1258 cells, which were as well cultivated in growth medium containing 10 % FCS,
could still enhance the proliferation rate of the prostatic cells despite the
endogenous HMGA2 over expression. However, this was another cell type thus
additional studies are necessary to investigate these discrepancies in results.
Concerning HMGA1, the observed results indicate that it can be taken up by the
ADMSCs as an enhanced growth rate could be observed. This offers the possibility
to modify ADMSC proliferation by extracellular HMGA1 application without
introduction of genetic material into cells and avoiding the associated side effects
such as the biological risk of insertional mutagenesis.
However, although the exact mechanisms of HMGA uptake in ADMSCs or other cell
types need further clarification, it could offer new opportunities for regenerative
medicine. Additionally the knowledge of the HMGA biogenesis and function in stem
cells could provide valuable information in the context of cancer as cancer stem cells
(CSC) are hypothesized to contribute to cancer aggressiveness (Adams and
Strasser, 2008). In addition, as this type of cells represent as few as 1 in 104 to 107
of the tumor cells, depending on the type and advancement of the tumor (Adams
and Strasser, 2008) and is often difficult to enrich in adequate quantities, basic
research in this field relies as well on alternative stem cell sources such as ADMSCs.

5.3. Tools for modification and detection of gene expression
Ectopically expressed naturally occurring miRNAs or protein-encoding genes have
the capability to act therapeutically in an organism. Therefore adequate vehicles are
needed to efficiently transport the gene products or the molecules encoding the
respective gene into the cell of interest. For that reason it is of major interest to
further optimize or evaluate techniques enabling therapeutic approaches in vitro and
in vivo and to establish tools enabling the monitoring of the target expression.
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5.3.1. Generation of miRNA let-7 constructs
As presented herein the miRNA family let-7 might be a powerful tool for the
modification of the global gene expression and therapeutic approaches. Thus
several expression vectors encoding different members of the let-7 family were
constructed.
As shown in the gene expression studies with the canine prostate cancer and
lymphomas at least one of the direct let-7 targets HMGA1 or HMGA2 was over
expressed. Thus these cancer entities potentially represent valuable candidates for
the evaluation of let-7 based therapeutic approaches in future.

5.3.2. rAAV genome isolation for quantification by absolute real-time PCR
Adeno-associated viruses (AAV) are commonly harnessed as vehicles for the
efficient delivery of genetic material.
As the success and reproducibility of AAV mediated therapies depend among others
on exact viral titers, a novel viral genome (VG) purification protocol was evaluated
for the following sensitive and highly reproducible quantification by absolute realtime PCR.
The novel protocol for VG isolation proved to be superior compared to the commonly
used NaOH or DNaseI/proteinase K protocols.
The NaOH pretreatment of the viral particles and the following neutralization with
HCl have to be seen critically. As it could be observed in our previous experiments,
the measured titers varied greatly in the triplica analyses. The explanation for the
inter- and intra-experimental titer variances are likely caused by incomplete
”digestion” of the AAV particles, which should release the viral genomes during the
first denaturation step of the following qRT-PCR. Additionally, often very low titers
were measured, which could be explained by “over digestion” with NaOH. Previous
non presented experiments confirmed that naked plasmid DNA degrades
completely when incubated in 1 M NaOH for a short time. However, to long or to
short NaOH pretreatment leads to inaccurate titers, which appear to be lower than
they really are.
The other commonly used method for AAV genome isolation is basically similar to
the herein presented protocol but lacks the final on-column VG purification, which
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may as well result in lower titers as the VGs are degraded by the residual DNaseI
activity or the qRT-PCR inhibited by residual proteinase K activity.

5.3.3. AuNP based laser-transfection
Transfection techniques represent a good, up-scalable tool for in vitro applications
as they enable direct modification of gene expression, which is crucial to establish
therapeutic approaches in oncology and other areas of biomedical research.
The herein presented AuNP based laser transfection technique proves to be a very
good alternative, when transferring small molecules, to conventional transfection
techniques as it is theoretically cell type independent, non-toxic and up-scalable.
For proof of principle this novel method was harnessed to transfect anti-HMGA2
short interfering RNAs (siRNAs) into the canine prostatic cell line CT1258. As this
cell line expresses extremely high HMGA2 levels compared to healthy tissue it is
remarkable that it was possible to down regulate the HMGA2 mRNA-levels by up to
≈40 %. It is notable that previous transfection experiments (not presented herein)
with the same siRNAs and a chemical transfection reagent were less effective
concerning target down regulation despite a transfection efficiency of over 60 %.
The so far achieved results indicate great potential for in vitro applications of siRNAs
or miRNAs.

5.3.4. Verification of a canine PSMA (FolH1) antibody
After manipulating gene expression in cells it is necessary to monitor the expression
of the ectopically expressed gene or the regulated target. This can be easily done
by different PCR techniques but as mRNA-levels are not always proportional to the
translated protein product it is often necessary to analyze the protein expression.
In this regard biotechnologically produced antibodies must always be tested for their
specific reactivity.
Owing to the lack of a specific canine PSMA (FOLH1) antibody and the still not
entirely clear situation of the PSMA expression in canine prostate cancer, the
antibody clone YPSMA-1, which was raised against a human peptide, was tested
herein.
In detail, the specific reaction of the monoclonal antibody was demonstrated with
the canine ortholog in western blot (WB) analysis using lysates of the previously
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described canine prostatic cell lines CT1258, DT08/40 and DT08/46. Additionally
the human prostatic cell lines VCaP, LnCaP, and PC-3 were used as positive
controls.
The expected size of the human FolH1 homodimer in a SDS-PAG separation has a
size of ≈100 kDa (Schulke et al., 2003). The WB analysis of the human control
samples revealed two prominent PSMA bands of ≈50 kDa and ≈100 kDa in size.
The analysis of the canine CT1258 and DT08/40 lysates showed as well two protein
bands matching the size of the human counterparts. In the DT08/46 cell lysates no
protein bands were detected.
In conclusion to previous studies the PSMA expression was lowest in the cell line
PC-3 among the human cell lines. In the canine cell lines CT1258 and DT08/40 the
PSMA levels were low similarly to PC-3. The low protein levels in the canine cell
lines reflect the very low FolH1 mRNA levels with a CT over 35 measured by qRTPCR in the presented manuscript “Let-7 and associated genes in canine prostate
cancer”.
However, regardless of the target levels in the cell lines the evaluated antibody was
shown to react in WB with the canine PSMA. Cross-reactivity with canine PSMA
was exemplarily confirmed by mass spectrometric analyses of the recovered
CT1258 protein bands. In conclusion, the previous immunohistochemistry
evaluation (Lai et al., 2008) and especially the herein presented WB as well as mass
spectrometric analyses prove that the YPSMA-1 clone represents a reliable tool for
coming PSMA studies in the dog.
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6. Outlook
Tumors are believed to evolve through the gradual accumulation of genetic and
epigenetic alterations. Chromosomal aberrations and nucleotide mutations account
to the genetic changes and contribute, beside the genetic and epigenetic
constitution of individuals, to the diversity of cancer cells. This heterogeneity makes
it difficult or even impossible to identify omnipotent molecular cancer markers and
is responsible for often confusing and contradictory results as well as for
unpredictable disease outcome following therapy.
However, although the influence of a single molecular disease marker on cancer
etiology in individuals can vary greatly due to the mentioned variability and stage of
organismal development, this knowledge is crucial for the understanding of
molecular processes. Moreover, as in future whole genome and transcriptome
sequencing will provide information on individual molecular changes for lower costs,
harnessing this technique for cancer research and especially for medical routine will
highly depend on the knowledge where to look at in the obtained huge datasets.
Owing to the described similarities between species and due to ethical reasons
comparative studies as presented herein are very important for the development of
successful cancer treatment strategies.

182

References

7. References
Adams J M, and Strasser A. (2008). Is tumor growth sustained by rare cancer stem
cells or dominant clones? Cancer research 68, 4018-4021.
Aggarwal S, Ricklis R M, Williams S A, and Denmeade S R. (2006). Comparative
study of PSMA expression in the prostate of mouse, dog, monkey, and
human. The Prostate 66, 903-910.
Alexander D D, Mink P J, Adami H O, Chang E T, Cole P, Mandel J S, and
Trichopoulos D. (2007). The non-Hodgkin lymphomas: a review of the
epidemiologic literature. International journal of cancer 120 Suppl 12, 1-39.
Attard G, Cooper C S, and De Bono J S. (2009). Steroid hormone receptors in
prostate cancer: a hard habit to break? Cancer cell 16, 458-462.
Baldassarre G, Fedele M, Battista S, Vecchione A, Klein-Szanto a J, Santoro M,
Waldmann T A, Azimi N, Croce C M, and Fusco A. (2001). Onset of natural
killer cell lymphomas in transgenic mice carrying a truncated HMGI-C gene
by the chronic stimulation of the IL-2 and IL-15 pathway. Proceedings of the
National Academy of Sciences of the United States of America 98, 79707975.
Becker K, Murua Escobar H, Richter A, Meyer B, Nolte I, and Bullerdiek J. (2003).
The canine HMGA1 gene maps to CFA 23. Animal genetics 34, 68-69.
Berlingieri M T, Manfioletti G, Santoro M, Bandiera A, Visconti R, Giancotti V, and
Fusco A. (1995). Inhibition of HMGI-C protein synthesis suppresses
retrovirally induced neoplastic transformation of rat thyroid cells. Molecular
and cellular biology 15, 1545-1553.
Berns K I, and Bohenzky R A. (1987). Adeno-associated viruses: an update.
Advances in virus research 32, 243-306.
Boffetta P. (2011). I. Epidemiology of adult non-Hodgkin lymphoma. Ann Oncol 22.
Boggs R M, Wright Z M, Stickney M J, Porter W W, and Murphy K E. (2008).
MicroRNA expression in canine mammary cancer. Mamm Genome 19, 561569.
Boonyaratanakornkit V, Melvin V, Prendergast P, Altmann M, Ronfani L, Bianchi M
E, Taraseviciene L, Nordeen S K, Allegretto E A, and Edwards D P. (1998).
High-mobility group chromatin proteins 1 and 2 functionally interact with
steroid hormone receptors to enhance their DNA binding in vitro and
transcriptional activity in mammalian cells. Molecular and cellular biology 18,
4471-4487.
Bouchelouche K, Choyke P L, and Capala J. (2010). Prostate specific membrane
antigen- a target for imaging and therapy with radionuclides. Discovery
medicine 9, 55-61.
Boyerinas B, Park S M, Hau A, Murmann a E, and Peter M E. (2010). The role of
let-7 in cell differentiation and cancer. Endocrine-related cancer 17, F19-36.
Brase J C, Wuttig D, Kuner R, and Sultmann H. (2010). Serum microRNAs as noninvasive biomarkers for cancer. Molecular cancer 9, 306.
Cacchiarelli D, Martone J, Girardi E, Cesana M, Incitti T, Morlando M, Nicoletti C,
Santini T, Sthandier O, Barberi L, Auricchio A, Musaro A, and Bozzoni I.
(2010). MicroRNAs involved in molecular circuitries relevant for the
Duchenne muscular dystrophy pathogenesis are controlled by the
dystrophin/nNOS pathway. Cell metabolism 12, 341-351.
183

References

Castellano E, and Downward J. (2011). RAS Interaction with PI3K: More Than Just
Another Effector Pathway. Genes & cancer 2, 261-274.
Chen B, Zhang B, Luo H, Yuan J, Skogerbo G, and Chen R. (2012). Distinct
MicroRNA Subcellular Size and Expression Patterns in Human Cancer Cells.
International journal of cell biology 2012, 672462.
Chen P S, Su J L, Cha S T, Tarn W Y, Wang M Y, Hsu H C, Lin M T, Chu C Y, Hua
K T, Chen C N, Kuo T C, Chang K J, Hsiao M, Chang Y W, Chen J S, Yang
P C, and Kuo M L. (2011). miR-107 promotes tumor progression by targeting
the let-7 microRNA in mice and humans. The Journal of clinical investigation
121, 3442-3455.
Chiappetta G, Avantaggiato V, Visconti R, Fedele M, Battista S, Trapasso F, Merciai
B M, Fidanza V, Giancotti V, Santoro M, Simeone A, and Fusco A. (1996).
High level expression of the HMGI (Y) gene during embryonic development.
Oncogene 13, 2439-2446.
Chiefari E, Nevolo M T, Arcidiacono B, Maurizio E, Nocera A, Iiritano S, Sgarra R,
Possidente K, Palmieri C, Paonessa F, Brunetti G, Manfioletti G, Foti D, and
Brunetti A. (2012). HMGA1 is a novel downstream nuclear target of the
insulin receptor signaling pathway. Scientific reports 2, 251.
Cho S Y, and Szabo Z. (2013). Molecular imaging of urogenital diseases. Seminars
in nuclear medicine 44, 93-109.
Cimmino A, Calin G A, Fabbri M, Iorio M V, Ferracin M, Shimizu M, Wojcik S E,
Aqeilan R I, Zupo S, Dono M, Rassenti L, Alder H, Volinia S, Liu C G, Kipps
T J, Negrini M, and Croce C M. (2005). miR-15 and miR-16 induce apoptosis
by targeting BCL2. Proceedings of the National Academy of Sciences of the
United States of America 102, 13944-13949.
Coffey D S, and Walsh P C. (1990). Clinical and experimental studies of benign
prostatic hyperplasia. The Urologic clinics of North America 17, 461-475.
Colombatti M, Grasso S, Porzia A, Fracasso G, Scupoli M T, Cingarlini S, Poffe O,
Naim H Y, Heine M, Tridente G, Mainiero F, and Ramarli D. (2009). The
prostate specific membrane antigen regulates the expression of IL-6 and
CCL5 in prostate tumour cells by activating the MAPK pathways. PloS one
4, e4608.
Cornell K K, Bostwick D G, Cooley D M, Hall G, Harvey H J, Hendrick M J, Pauli B
U, Render J A, Stoica G, Sweet D C, and Waters D J. (2000). Clinical and
pathologic aspects of spontaneous canine prostate carcinoma: a
retrospective analysis of 76 cases. The Prostate 45, 173-183.
Cortez M A, Welsh J W, and Calin G A. (2012). Circulating microRNAs as
noninvasive biomarkers in breast cancer. Recent results in cancer research.
Fortschritte der Krebsforschung 195, 151-161.
Creemers E E, Tijsen a J, and Pinto Y M. (2010). Circulating microRNAs: novel
biomarkers and extracellular communicators in cardiovascular disease?
Circulation research 110, 483-495.
Croce C M, and Calin G A. (2005). miRNAs, cancer, and stem cell division. Cell 122,
6-7.
Dement G A, Treff N R, Magnuson N S, Franceschi V, and Reeves R. (2005).
Dynamic mitochondrial localization of nuclear transcription factor HMGA1.
Experimental cell research 307, 388-401.
Dhillon a S, Hagan S, Rath O, and Kolch W. (2007). MAP kinase signalling pathways
in cancer. Oncogene 26, 3279-3290.
184

References

Di Cello F, Hillion J, Hristov A, Wood L J, Mukherjee M, Schuldenfrei A, Kowalski J,
Bhattacharya R, Ashfaq R, and Resar L M. (2008). HMGA2 participates in
transformation in human lung cancer. Mol Cancer Res 6, 743-750.
Di Cello F, Shin J, Harbom K, and Brayton C. (2013). Knockdown of HMGA1 inhibits
human breast cancer cell growth and metastasis in immunodeficient mice.
Biochemical and biophysical research communications 434, 70-74.
Di Lisio L, Sanchez-Beato M, Gomez-Lopez G, Rodriguez M E, Montes-Moreno S,
Mollejo M, Menarguez J, Martinez M A, Alves F J, Pisano D G, Piris M A, and
Martinez N. (2012). MicroRNA signatures in B-cell lymphomas. Blood cancer
journal 2, e57.
Disney J E, Johnson K R, Magnuson N S, Sylvester S R, and Reeves R. (1989).
High-mobility group protein HMG-I localizes to G/Q- and C-bands of human
and mouse chromosomes. The Journal of cell biology 109, 1975-1982.
Divrik R T, Turkeri L, Sahin a F, Akdogan B, Ates F, Cal C, and Baltaci S. (2012).
Prediction of response to androgen deprivation therapy and castration
resistance in primary metastatic prostate cancer. Urologia internationalis 88,
25-33.
Dong Q, Meng P, Wang T, Qin W, Qin W, Wang F, Yuan J, Chen Z, Yang A, and
Wang H. (2010). MicroRNA let-7a inhibits proliferation of human prostate
cancer cells in vitro and in vivo by targeting E2F2 and CCND2. PloS one 5,
e10147.
Eaton G M, Cody R J, Nunziata E, and Binkley P F. (1995). Early left ventricular
dysfunction elicits activation of sympathetic drive and attenuation of
parasympathetic tone in the paced canine model of congestive heart failure.
Circulation 92, 555-561.
Engelman J A, Luo J, and Cantley L C. (2006). The evolution of phosphatidylinositol
3-kinases as regulators of growth and metabolism. Nat Rev Genet 7, 606619.
Evans L S, and Hancock B W. (2003). Non-Hodgkin lymphoma. Lancet 362, 139146.
Ferlay J, Shin H R, Bray F, Forman D, Mathers C, and Parkin D M. (2010). Estimates
of worldwide burden of cancer in 2008: GLOBOCAN 2008. International
journal of cancer 127, 2893-2917.
Fernandez-Medarde A, and Santos E. (2011). Ras in cancer and developmental
diseases. Genes & cancer 2, 344-358.
Filipowicz W, Bhattacharyya S N, and Sonenberg N. (2008). Mechanisms of posttranscriptional regulation by microRNAs: are the answers in sight? Nature
reviews 9, 102-114.
Friedmann M, Holth L T, Zoghbi H Y, and Reeves R. (1993). Organization, inducibleexpression and chromosome localization of the human HMG-I(Y) nonhistone
protein gene. Nucleic acids research 21, 4259-4267.
Fusco A, and Fedele M. (2007). Roles of HMGA proteins in cancer. Nat Rev Cancer
7, 899-910.
Gerits N, Kostenko S, Shiryaev A, Johannessen M, and Moens U. (2008). Relations
between the mitogen-activated protein kinase and the cAMP-dependent
protein kinase pathways: comradeship and hostility. Cellular signalling 20,
1592-1607.
Gideon P, John J, Frech M, Lautwein A, Clark R, Scheffler J E, and Wittinghofer A.
(1992). Mutational and kinetic analyses of the GTPase-activating protein
185

References

(GAP)-p21 interaction: the C-terminal domain of GAP is not sufficient for full
activity. Molecular and cellular biology 12, 2050-2056.
Goldblatt E M, and Lee W H. (2010). From bench to bedside: the growing use of
translational research in cancer medicine. American journal of translational
research 2, 1-18.
Hao Y, Zhao Y, Zhao X, He C, Pang X, Wu T C, Califano J A, and Gu X. (2011).
Improvement of prostate cancer detection by integrating the PSA test with
miRNA expression profiling. Cancer investigation 29, 318-324.
Harrer M, Luhrs H, Bustin M, Scheer U, and Hock R. (2004). Dynamic interaction of
HMGA1a proteins with chromatin. Journal of cell science 117, 3459-3471.
Henriksen J, Stabell M, Meza-Zepeda L A, Lauvrak S A, Kassem M, and Myklebost
O. (2010). Identification of target genes for wild type and truncated HMGA2
in mesenchymal stem-like cells. BMC cancer 10, 329.
Hristov a C, Cope L, Reyes M D, Singh M, Iacobuzio-Donahue C, Maitra A, and
Resar L M. (2009). HMGA2 protein expression correlates with lymph node
metastasis and increased tumor grade in pancreatic ductal adenocarcinoma.
Mod Pathol 22, 43-49.
Ikegami S, Yamakami K, Ono T, Sato M, Suzuki S, Yoshimura I, Asano T,
Hayakawa M, and Tadakuma T. (2006). Targeting gene therapy for prostate
cancer cells by liposomes complexed with anti-prostate-specific membrane
antigen monoclonal antibody. Human gene therapy 17, 997-1005.
Iliopoulos D, Hirsch H A, and Struhl K. (2009). An epigenetic switch involving NFkappaB, Lin28, Let-7 MicroRNA, and IL6 links inflammation to cell
transformation. Cell 139, 693-706.
Ingraham S E, Lynch R A, Surti U, Rutter J L, Buckler a J, Khan S A, Menon a G,
and Lepont P. (2006). Identification and characterization of novel human
transcripts embedded within HMGA2 in t(12;14)(q15;q24.1) uterine
leiomyoma. Mutation research 602, 43-53.
Ionut V, Liu H, Mooradian V, Castro a V, Kabir M, Stefanovski D, Zheng D, Kirkman
E L, and Bergman R N. (2008). Novel canine models of obese prediabetes
and mild type 2 diabetes. American journal of physiology 298, E38-48.
Ishiguro H, Nakaigawa N, Miyoshi Y, Fujinami K, Kubota Y, and Uemura H. (2005).
Receptor for advanced glycation end products (RAGE) and its ligand,
amphoterin are overexpressed and associated with prostate cancer
development. The Prostate 64, 92-100.
Italiano A, Cardot N, Dupre F, Monticelli I, Keslair F, Piche M, Mainguene C, Coindre
J M, and Pedeutour F. (2007). Gains and complex rearrangements of the
12q13-15 chromosomal region in ordinary lipomas: the "missing link"
between lipomas and liposarcomas? International journal of cancer 121, 308315.
Jemal A, Bray F, Center M M, Ferlay J, Ward E, and Forman D. (2011). Global
cancer statistics. CA: a cancer journal for clinicians 61, 69-90.
Joetzke a E, Sterenczak K A, Eberle N, Wagner S, Soller J T, Nolte I, Bullerdiek J,
Murua Escobar H, and Simon D. (2010). Expression of the high mobility
group A1 (HMGA1) and A2 (HMGA2) genes in canine lymphoma: analysis of
23 cases and comparison to control cases. Veterinary and comparative
oncology 8, 87-95.
Johnson C D, Esquela-Kerscher A, Stefani G, Byrom M, Kelnar K, Ovcharenko D,
Wilson M, Wang X, Shelton J, Shingara J, Chin L, Brown D, and Slack F J.
186

References

(2007). The let-7 microRNA represses cell proliferation pathways in human
cells. Cancer research 67, 7713-7722.
Johnson S M, Grosshans H, Shingara J, Byrom M, Jarvis R, Cheng A, Labourier E,
Reinert K L, Brown D, and Slack F J. (2005). RAS is regulated by the let-7
microRNA family. Cell 120, 635-647.
Kantharidis P, Wang B, Carew R M, and Lan H Y. (2011). Diabetes complications:
the microRNA perspective. Diabetes 60, 1832-1837.
Kawasaki H, and Taira K. (2003). Retraction: Hes1 is a target of microRNA-23
during retinoic-acid-induced neuronal differentiation of NT2 cells. Nature 426,
100.
Kazmierczak B, Bol S, Wanschura S, Bartnitzke S, and Bullerdiek J. (1996). PAC
clone containing the HMGI(Y) gene spans the breakpoint of a 6p21
translocation in a uterine leiomyoma cell line. Genes, chromosomes & cancer
17, 191-193.
Keane M, and De Magalhaes J P. (2013). MYCN/LIN28B/Let-7/HMGA2 pathway
implicated by meta-analysis of GWAS in suppression of post-natal
proliferation thereby potentially contributing to aging. Mechanisms of ageing
and development 134, 346-348.
Klaewsongkram J, Yang Y, Golech S, Katz J, Kaestner K H, and Weng N P. (2007).
Kruppel-like factor 4 regulates B cell number and activation-induced B cell
proliferation. J Immunol 179, 4679-4684.
Kong D, Heath E, Chen W, Cher M L, Powell I, Heilbrun L, Li Y, Ali S, Sethi S,
Hassan O, Hwang C, Gupta N, Chitale D, Sakr W A, Menon M, and Sarkar F
H. (2012). Loss of let-7 up-regulates EZH2 in prostate cancer consistent with
the acquisition of cancer stem cell signatures that are attenuated by BR-DIM.
PloS one 7, e33729.
Kopper L, and Timar J. (2005). Genomics of prostate cancer: is there anything to
"translate"? Pathol Oncol Res 11, 197-203.
Kota J, Chivukula R R, O'donnell K A, Wentzel E A, Montgomery C L, Hwang H W,
Chang T C, Vivekanandan P, Torbenson M, Clark K R, Mendell J R, and
Mendell J T. (2009). Therapeutic microRNA delivery suppresses
tumorigenesis in a murine liver cancer model. Cell 137, 1005-1017.
Kozomara A, and Griffiths-Jones S. (2011). miRBase: integrating microRNA
annotation and deep-sequencing data. Nucleic acids research 39, D152-157.
Kumar M S, Armenteros-Monterroso E, East P, Chakravorty P, Matthews N,
Winslow M M, and Downward J. (2014). HMGA2 functions as a competing
endogenous RNA to promote lung cancer progression. Nature 505, 212-217.
Lai C L, Van Den Ham R, Van Leenders G, Van Der Lugt J, Mol J A, and Teske E.
(2008). Histopathological and immunohistochemical characterization of
canine prostate cancer. The Prostate 68, 477-488.
Le Magnen C, Bubendorf L, Ruiz C, Zlobec I, Bachmann A, Heberer M, Spagnoli G
C, Wyler S, and Mengus C. (2012). Klf4 transcription factor is expressed in
the cytoplasm of prostate cancer cells. Eur J Cancer 49, 955-963.
Leav I, and Ling G V. (1968). Adenocarcinoma of the canine prostate. Cancer 22,
1329-1345.
Lee Y S, and Dutta A. (2007). The tumor suppressor microRNA let-7 represses the
HMGA2 oncogene. Genes & development 21, 1025-1030.
Leroy B E, and Northrup N. (2009). Prostate cancer in dogs: comparative and
clinical aspects. Vet J 180, 149-162.
187

References

Li a Y, Boo L M, Wang S Y, Lin H H, Wang C C, Yen Y, Chen B P, Chen D J, and
Ann D K. (2009). Suppression of nonhomologous end joining repair by
overexpression of HMGA2. Cancer research 69, 5699-5706.
Li R, Chung a C, Dong Y, Yang W, Zhong X, and Lan H Y. (2013). The microRNA
miR-433 promotes renal fibrosis by amplifying the TGF-beta/Smad3-Azin1
pathway. Kidney international 84, 1129-1144.
Lin L, Faraco J, Li R, Kadotani H, Rogers W, Lin X, Qiu X, De Jong P J, Nishino S,
and Mignot E. (1999). The sleep disorder canine narcolepsy is caused by a
mutation in the hypocretin (orexin) receptor 2 gene. Cell 98, 365-376.
Liu C, Kelnar K, Vlassov a V, Brown D, Wang J, and Tang D G. (2012a). Distinct
microRNA expression profiles in prostate cancer stem/progenitor cells and
tumor-suppressive functions of let-7. Cancer research 72, 3393-3404.
Liu Y, Yin B, Zhang C, Zhou L, and Fan J. (2012b). Hsa-let-7a functions as a tumor
suppressor in renal cell carcinoma cell lines by targeting c-myc. Biochemical
and biophysical research communications 417, 371-375.
Lohi H, Young E J, Fitzmaurice S N, Rusbridge C, Chan E M, Vervoort M, Turnbull
J, Zhao X C, Ianzano L, Paterson a D, Sutter N B, Ostrander E A, Andre C,
Shelton G D, Ackerley C A, Scherer S W, and Minassian B A. (2005).
Expanded repeat in canine epilepsy. Science (New York, N.Y 307, 81.
Lyu S, Yu Q, Ying G, Wang S, Wang Y, Zhang J, and Niu Y. (2013). Androgen
receptor decreases CMYC and KRAS expression by upregulating let-7a
expression in ER-, PR-, AR+ breast cancer. International journal of oncology
44, 229-237.
Ma J, Sawai H, Ochi N, Matsuo Y, Xu D, Yasuda A, Takahashi H, Wakasugi T, and
Takeyama H. (2009). PTEN regulates angiogenesis through PI3K/Akt/VEGF
signaling pathway in human pancreatic cancer cells. Molecular and cellular
biochemistry 331, 161-171.
Manfioletti G, Giancotti V, Bandiera A, Buratti E, Sautiere P, Cary P, CraneRobinson C, Coles B, and Goodwin G H. (1991). cDNA cloning of the HMGIC phosphoprotein, a nuclear protein associated with neoplastic and
undifferentiated phenotypes. Nucleic acids research 19, 6793-6797.
Mayr C, Hemann M T, and Bartel D P. (2007). Disrupting the pairing between let-7
and Hmga2 enhances oncogenic transformation. Science (New York, N.Y
315, 1576-1579.
Milowsky M I, Nanus D M, Kostakoglu L, Sheehan C E, Vallabhajosula S, Goldsmith
S J, Ross J S, and Bander N H. (2007). Vascular targeted therapy with antiprostate-specific membrane antigen monoclonal antibody J591 in advanced
solid tumors. J Clin Oncol 25, 540-547.
Mitsiades C S, Mitsiades N S, Bronson R T, Chauhan D, Munshi N, Treon S P,
Maxwell C A, Pilarski L, Hideshima T, Hoffman R M, and Anderson K C.
(2003). Fluorescence imaging of multiple myeloma cells in a clinically
relevant SCID/NOD in vivo model: biologic and clinical implications. Cancer
research 63, 6689-6696.
Mizuno H, Nakamura A, Aoki Y, Ito N, Kishi S, Yamamoto K, Sekiguchi M, Takeda
S, and Hashido K. (2011). Identification of muscle-specific microRNAs in
serum of muscular dystrophy animal models: promising novel blood-based
markers for muscular dystrophy. PloS one 6, e18388.
Mondol V, and Pasquinelli a E. (2012). Let's make it happen: the role of let-7
microRNA in development. Current topics in developmental biology 99, 1-30.
188

References

Moro L, Arbini a A, Marra E, and Greco M. (2007). Constitutive activation of
MAPK/ERK inhibits prostate cancer cell proliferation through upregulation of
BRCA2. International journal of oncology 30, 217-224.
Mu G, Liu H, Zhou F, Xu X, Jiang H, Wang Y, and Qu Y. (2010). Correlation of
overexpression of HMGA1 and HMGA2 with poor tumor differentiation,
invasion, and proliferation associated with let-7 down-regulation in
retinoblastomas. Human pathology 41, 493-502.
Mueller C, Tang Q, Gruntman A, Blomenkamp K, Teckman J, Song L, Zamore P D,
and Flotte T R. (2012). Sustained miRNA-mediated knockdown of mutant
AAT with simultaneous augmentation of wild-type AAT has minimal effect on
global liver miRNA profiles. Mol Ther 20, 590-600.
Mueller F, Fuchs B, and Kaser-Hotz B. (2007). Comparative biology of human and
canine osteosarcoma. Anticancer research 27, 155-164.
Mukherjee R, Mcguinness D H, Mccall P, Underwood M A, Seywright M, Orange C,
and Edwards J. (2011). Upregulation of MAPK pathway is associated with
survival in castrate-resistant prostate cancer. British journal of cancer 104,
1920-1928.
Muller S, Scaffidi P, Degryse B, Bonaldi T, Ronfani L, Agresti A, Beltrame M, and
Bianchi M E. (2001). New EMBO members' review: the double life of HMGB1
chromatin protein: architectural factor and extracellular signal. The EMBO
journal 20, 4337-4340.
Murua Escobar H, Soller J T, Richter A, Meyer B, Winkler S, Flohr a M, Nolte I, and
Bullerdiek J. (2004). The canine HMGA1. Gene 330, 93-99.
Nadiminty N, Tummala R, Lou W, Zhu Y, Shi X B, Zou J X, Chen H, Zhang J, Chen
X, Luo J, Devere White R W, Kung H J, Evans C P, and Gao a C. (2012a).
MicroRNA let-7c is downregulated in prostate cancer and suppresses
prostate cancer growth. PloS one 7, e32832.
Nadiminty N, Tummala R, Lou W, Zhu Y, Zhang J, Chen X, Evere White R W, Kung
H J, Evans C P, and Gao a C. (2012b). MicroRNA let-7c suppresses
androgen receptor expression and activity via regulation of Myc expression
in prostate cancer cells. The Journal of biological chemistry 287, 1527-1537.
Narita M, Narita M, Krizhanovsky V, Nunez S, Chicas A, Hearn S A, Myers M P, and
Lowe S W. (2006). A novel role for high-mobility group a proteins in cellular
senescence and heterochromatin formation. Cell 126, 503-514.
Nathwani a C, Tuddenham E G, Rangarajan S, Rosales C, Mcintosh J, Linch D C,
Chowdary P, Riddell A, Pie a J, Harrington C, O'beirne J, Smith K, Pasi J,
Glader B, Rustagi P, Ng C Y, Kay M A, Zhou J, Spence Y, Morton C L, Allay
J, Coleman J, Sleep S, Cunningham J M, Srivastava D, Basner-Tschakarjan
E, Mingozzi F, High K A, Gray J T, Reiss U M, Nienhuis a W, and Davidoff a
M. (2011). Adenovirus-associated virus vector-mediated gene transfer in
hemophilia B. The New England journal of medicine 365, 2357-2365.
Nezhad M H, Drieschner N, Helms S, Meyer A, Tadayyon M, Klemke M, Belge G,
Bartnitzke S, Burchardt K, Frantzen C, Schmidt E H, and Bullerdiek J. (2010).
6p21 rearrangements in uterine leiomyomas targeting HMGA1. Cancer
genetics and cytogenetics 203, 247-252.
Noguchi S, Mori T, Hoshino Y, Yamada N, Maruo K, and Akao Y. (2011). MicroRNAs
as tumour suppressors in canine and human melanoma cells and as a
prognostic factor in canine melanomas. Veterinary and comparative
oncology 9, 1476-5829.
189

References

Noguchi S, Mori T, Hoshino Y, Yamada N, Maruo K, and Akao Y. (2013). MicroRNAs
as tumour suppressors in canine and human melanoma cells and as a
prognostic factor in canine melanomas. Veterinary and comparative
oncology 11, 113-123.
Odero M D, Grand F H, Iqbal S, Ross F, Roman J P, Vizmanos J L, Andrieux J, Lai
J L, Calasanz M J, and Cross N C. (2005). Disruption and aberrant
expression of HMGA2 as a consequence of diverse chromosomal
translocations in myeloid malignancies. Leukemia 19, 245-252.
Ostrander E A, Galibert F, and Patterson D F. (2000). Canine genetics comes of
age. Trends Genet 16, 117-124.
Paoloni M, and Khanna C. (2008). Translation of new cancer treatments from pet
dogs to humans. Nature reviews 8, 147-156.
Park S M, Shell S, Radjabi a R, Schickel R, Feig C, Boyerinas B, Dinulescu D M,
Lengyel E, and Peter M E. (2007). Let-7 prevents early cancer progression
by suppressing expression of the embryonic gene HMGA2. Cell cycle
(Georgetown, Tex 6, 2585-2590.
Pasquinelli a E, Reinhart B J, Slack F, Martindale M Q, Kuroda M I, Maller B,
Hayward D C, Ball E E, Degnan B, Muller P, Spring J, Srinivasan A, Fishman
M, Finnerty J, Corbo J, Levine M, Leahy P, Davidson E, and Ruvkun G.
(2000). Conservation of the sequence and temporal expression of let-7
heterochronic regulatory RNA. Nature 408, 86-89.
Pedulla M L, Treff N R, Resar L M, and Reeves R. (2001). Sequence and analysis
of the murine Hmgiy (Hmga1) gene locus. Gene 271, 51-58.
Pierantoni G M, Rinaldo C, Mottolese M, Di Benedetto A, Esposito F, Soddu S, and
Fusco A. (2007). High-mobility group A1 inhibits p53 by cytoplasmic
relocalization of its proapoptotic activator HIPK2. The Journal of clinical
investigation 117, 693-702.
Pinho S S, Carvalho S, Cabral J, Reis C A, and Gartner F. (2012). Canine tumors:
a spontaneous animal model of human carcinogenesis. Transl Res 159, 165172.
Ponce F, Marchal T, Magnol J P, Turinelli V, Ledieu D, Bonnefont C, Pastor M,
Delignette M L, and Fournel-Fleury C. (2010). A morphological study of 608
cases of canine malignant lymphoma in France with a focus on comparative
similarities between canine and human lymphoma morphology. Veterinary
pathology 47, 414-433.
Rahman M M, Qian Z R, Wang E L, Sultana R, Kudo E, Nakasono M, Hayashi T,
Kakiuchi S, and Sano T. (2009). Frequent overexpression of HMGA1 and 2
in gastroenteropancreatic neuroendocrine tumours and its relationship to let7 downregulation. British journal of cancer 100, 501-510.
Reeves R, and Beckerbauer L. (2001). HMGI/Y proteins: flexible regulators of
transcription and chromatin structure. Biochimica et biophysica acta 1519,
13-29.
Reinhart B J, Slack F J, Basson M, Pasquinelli a E, Bettinger J C, Rougvie a E,
Horvitz H R, and Ruvkun G. (2000). The 21-nucleotide let-7 RNA regulates
developmental timing in Caenorhabditis elegans. Nature 403, 901-906.
Richter A, Hauschild G, Murua Escobar H, Nolte I, and Bullerdiek J. (2009).
Application of high-mobility-group-A proteins increases the proliferative
activity of chondrocytes in vitro. Tissue engineering 15, 473-477.
190

References

Richter A, Lubbing M, Frank H G, Nolte I, Bullerdiek J C, and Von Ahsen I. (2011).
High-mobility group protein HMGA2-derived fragments stimulate the
proliferation of chondrocytes and adipose tissue-derived stem cells.
European cells & materials 21, 355-363.
Rofina J, Van Andel I, Van Ederen a M, Papaioannou N, Yamaguchi H, and Gruys
E. (2003). Canine counterpart of senile dementia of the Alzheimer type:
amyloid plaques near capillaries but lack of spatial relationship with activated
microglia and macrophages. Amyloid 10, 86-96.
Rommel B, Rogalla P, Jox A, Kalle C V, Kazmierczak B, Wolf J, and Bullerdiek J.
(1997). HMGI-C, a member of the high mobility group family of proteins, is
expressed in hematopoietic stem cells and in leukemic cells. Leukemia &
lymphoma 26, 603-607.
Rowell J L, Mccarthy D O, and Alvarez C E. (2011). Dog models of naturally
occurring cancer. Trends in molecular medicine 17, 380-388.
Ru P, Steele R, Newhall P, Phillips N J, Toth K, and Ray R B. (2012). miRNA-29b
suppresses prostate cancer metastasis by regulating epithelialmesenchymal transition signaling. Molecular cancer therapeutics 11, 11661173.
Sampson V B, Rong N H, Han J, Yang Q, Aris V, Soteropoulos P, Petrelli N J, Dunn
S P, and Krueger L J. (2007). MicroRNA let-7a down-regulates MYC and
reverts MYC-induced growth in Burkitt lymphoma cells. Cancer research 67,
9762-9770.
Schmidt S, Fracasso G, Colombatti M, and Naim H Y. (2013). Cloning and
characterization of canine prostate-specific membrane antigen. The Prostate
73, 642-650.
Schubert M, Spahn M, Kneitz S, Scholz C J, Joniau S, Stroebel P, Riedmiller H, and
Kneitz B. (2013). Distinct microRNA expression profile in prostate cancer
patients with early clinical failure and the impact of let-7 as prognostic marker
in high-risk prostate cancer. PloS one 8, e65064.
Schulke N, Varlamova O A, Donovan G P, Ma D, Gardner J P, Morrissey D M,
Arrigale R R, Zhan C, Chodera a J, Surowitz K G, Maddon P J, Heston W D,
and Olson W C. (2003). The homodimer of prostate-specific membrane
antigen is a functional target for cancer therapy. Proceedings of the National
Academy of Sciences of the United States of America 100, 12590-12595.
Shah S N, Cope L, Poh W, Belton A, Roy S, Talbot C C, Jr., Sukumar S, Huso D L,
and Resar L M. (2013). HMGA1: a master regulator of tumor progression in
triple-negative breast cancer cells. PloS one 8, e63419.
Shah S N, Kerr C, Cope L, Zambidis E, Liu C, Hillion J, Belton A, Huso D L, and
Resar L M. (2012). HMGA1 reprograms somatic cells into pluripotent stem
cells by inducing stem cell transcriptional networks. PloS one 7, e48533.
Shan H, Zhang Y, Lu Y, Zhang Y, Pan Z, Cai B, Wang N, Li X, Feng T, Hong Y, and
Yang B. (2009). Downregulation of miR-133 and miR-590 contributes to
nicotine-induced atrial remodelling in canines. Cardiovascular research 83,
465-472.
Shi G, Perle M A, Mittal K, Chen H, Zou X, Narita M, Hernando E, Lee P, and Wei
J J. (2009). Let-7 repression leads to HMGA2 overexpression in uterine
leiomyosarcoma. Journal of cellular and molecular medicine 13, 3898-3905.

191

References

Shin J H, Pan X, Hakim C H, Yang H T, Yue Y, Zhang K, Terjung R L, and Duan D.
(2013). Microdystrophin Ameliorates Muscular Dystrophy in the Canine
Model of Duchenne Muscular Dystrophy. Mol Ther.
Shore a N, Herschkowitz J I, and Rosen J M. (2012). Noncoding RNAs involved in
mammary gland development and tumorigenesis: there's a long way to go.
Journal of mammary gland biology and neoplasia 17, 43-58.
Snyder R O, and Flotte T R. (2002). Production of clinical-grade recombinant adenoassociated virus vectors. Current opinion in biotechnology 13, 418-423.
Srivastava A, Lusby E W, and Berns K I. (1983). Nucleotide sequence and
organization of the adeno-associated virus 2 genome. Journal of virology 45,
555-564.
Sterenczak K A, Eckardt A, Kampmann A, Willenbrock S, Eberle N, Langer F,
Kleinschmidt S, Hewicker-Trautwein M, Kreipe H, Nolte I, Murua Escobar H,
and Gellrich N C. (2014). HMGA1 and HMGA2 expression and comparative
analyses of HMGA2, Lin28 and let-7 miRNAs in oral squamous cell
carcinoma. BMC cancer 14, 694.
Sterenczak K A, Joetzke a E, Willenbrock S, Eberle N, Lange S, Junghanss C, Nolte
I, Bullerdiek J, Simon D, and Murua Escobar H. (2010). High-mobility group
B1 (HMGB1) and receptor for advanced glycation end-products (RAGE)
expression in canine lymphoma. Anticancer research 30, 5043-5048.
Sutter N B, and Ostrander E A. (2004). Dog star rising: the canine genetic system.
Nat Rev Genet 5, 900-910.
Takaha N, Resar L M, Vindivich D, and Coffey D S. (2004). High mobility group
protein HMGI(Y) enhances tumor cell growth, invasion, and matrix
metalloproteinase-2 expression in prostate cancer cells. The Prostate 60,
160-167.
Takeuchi I, Takaha N, Nakamura T, Hongo F, Mikami K, Kamoi K, Okihara K,
Kawauchi A, and Miki T. (2012). High mobility group protein AT-hook 1
(HMGA1) is associated with the development of androgen independence in
prostate cancer cells. The Prostate 72, 1124-1132.
Tallini G, Vanni R, Manfioletti G, Kazmierczak B, Faa G, Pauwels P, Bullerdiek J,
Giancotti V, Van Den Berghe H, and Dal Cin P. (2000). HMGI-C and HMGI(Y)
immunoreactivity correlates with cytogenetic abnormalities in lipomas,
pulmonary chondroid hamartomas, endometrial polyps, and uterine
leiomyomas and is compatible with rearrangement of the HMGI-C and
HMGI(Y) genes. Laboratory investigation; a journal of technical methods and
pathology 80, 359-369.
Tang D, Kang R, Zeh H J, 3rd, and Lotze M T. (2010). High-mobility group box 1
and cancer. Biochimica et biophysica acta 1799, 131-140.
Tay Y, Karreth F A, and Pandolfi P P. (2014). Aberrant ceRNA activity drives lung
cancer. Cell research 24, 259-260.
Teske E, Naan E C, Van Dijk E M, Van Garderen E, and Schalken J A. (2002).
Canine prostate carcinoma: epidemiological evidence of an increased risk in
castrated dogs. Molecular and cellular endocrinology 197, 251-255.
Thomson J M, Newman M, Parker J S, Morin-Kensicki E M, Wright T, and Hammond
S M. (2006). Extensive post-transcriptional regulation of microRNAs and its
implications for cancer. Genes & development 20, 2202-2207.
Tomari Y, and Zamore P D. (2005). Perspective: machines for RNAi. Genes &
development 19, 517-529.
192

References

Ueda T, and Yoshida M. (2010). HMGB proteins and transcriptional regulation.
Biochimica et biophysica acta 1799, 114-118.
Uhl E, Krimer P, Schliekelman P, Tompkins S M, and Suter S. (2011). Identification
of altered MicroRNA expression in canine lymphoid cell lines and cases of Band T-Cell lymphomas. Genes, chromosomes & cancer 50, 950-967.
Vail D M, and Macewen E G. (2000). Spontaneously occurring tumors of companion
animals as models for human cancer. Cancer investigation 18, 781-792.
Viticchie G, Lena a M, Latina A, Formosa A, Gregersen L H, Lund a H, Bernardini
S, Mauriello A, Miano R, Spagnoli L G, Knight R A, Candi E, and Melino G.
(2011). MiR-203 controls proliferation, migration and invasive potential of
prostate cancer cell lines. Cell cycle (Georgetown, Tex 10, 1121-1131.
Von Deetzen M C, Schmeck B, Gruber a D, and Klopfleisch R. (2013). Molecular
quantification of canine specific microRNA species. Research in veterinary
science 95, 562-568.
Wagner S, Ngezahayo A, Murua Escobar H, and Nolte I. (2014). Role of miRNA
and Its Major Targets in Prostate Cancer. BioMed research international
2014, 376326.
Wang X, Cao L, Wang Y, Wang X, Liu N, and You Y. (2012). Regulation of let-7 and
its target oncogenes (Review). Oncology letters 3, 955-960.
Watanabe S, Ueda Y, Akaboshi S, Hino Y, Sekita Y, and Nakao M. (2009). HMGA2
maintains oncogenic RAS-induced epithelial-mesenchymal transition in
human pancreatic cancer cells. The American journal of pathology 174, 854868.
Waters D J, Hayden D W, Bell F W, Klausner J S, Qian J, and Bostwick D G. (1997).
Prostatic intraepithelial neoplasia in dogs with spontaneous prostate cancer.
The Prostate 30, 92-97.
Waters D J, Patronek G J, Bostwick D G, and Glickman L T. (1996). Comparing the
age at prostate cancer diagnosis in humans and dogs. Journal of the National
Cancer Institute 88, 1686-1687.
Waters D J, Sakr W A, Hayden D W, Lang C M, Mckinney L, Murphy G P, Radinsky
R, Ramoner R, Richardson R C, and Tindall D J. (1998). Workgroup 4:
spontaneous prostate carcinoma in dogs and nonhuman primates. The
Prostate 36, 64-67.
Winkler S, Murua Escobar H, Eberle N, Reimann-Berg N, Nolte I, and Bullerdiek J.
(2005). Establishment of a cell line derived from a canine prostate carcinoma
with a highly rearranged karyotype. The Journal of heredity 96, 782-785.
Winkler S, Murua Escobar H, Meyer B, Simon D, Eberle N, Baumgartner W,
Loeschke S, Nolte I, and Bullerdiek J. (2007). HMGA2 expression in a canine
model of prostate cancer. Cancer genetics and cytogenetics 177, 98-102.
Winter J, Jung S, Keller S, Gregory R I, and Diederichs S. (2009). Many roads to
maturity: microRNA biogenesis pathways and their regulation. Nature cell
biology 11, 228-234.
Withrow J S, and Vail D M. (2012). Withrow and MacEwen's Small Animal Clinical
Oncology. Saunders Company, St. Louis Missouri 63146 Fifth edition.
Withrow S J, and Macewen E G. (2001). Small Animal Clinical Oncology. (W.B.
Saunders Co., Philadelphia (USA)).
Wood L J, Mukherjee M, Dolde C E, Xu Y, Maher J F, Bunton T E, Williams J B, and
Resar L M. (2000). HMG-I/Y, a new c-Myc target gene and potential
oncogene. Molecular and cellular biology 20, 5490-5502.
193

References

Young a R, and Narita M. (2007). Oncogenic HMGA2: short or small? Genes &
development 21, 1005-1009.
Zhao Y, Samal E, and Srivastava D. (2005). Serum response factor regulates a
muscle-specific microRNA that targets Hand2 during cardiogenesis. Nature
436, 214-220.

194

Publications

8. Publications
8.1. All Published manuscripts in reverse chronological order
Characterization of Nanoparticle Mediated Lasertransfection by Femtosecond Laser
Pulses for Applications in Molecular Medicine. Schomaker M., Heinemann D., Kalies
S., Willenbrock S., Wagner S., Nolte I., Ripken T., Murua Escobar H., Meyer H.,
Heisterkamp A.. J Nanobiotechnology. 2015; 13: 10. Published online 2015
February 3. doi: 10.1186/s12951-014-0057-1.

Verification of a canine PSMA (FolH1) antibody. Wagner S., Maibaum D., Pich A.,
Nolte I., Murua Escobar H.. Anticancer Res. 2015 Jan;35(1):145-8.

Role of miRNA let-7 and its major targets in prostate cancer. Wagner S., Ngezahayo
A., Murua Escobar H., Nolte I.. Biomed Res Int. 2014;2014:376326. Epub 2014
Sep 3.

Generation and Characterisation of a Canine EGFP-HMGA2 Prostate Cancer In
Vitro Model. Willenbrock S., Wagner S., Reimann-Berg N., Moulay M., HewickerTrautwein M., Nolte I., Murua Escobar H.. PLoS One. 2014 Jun 10;9(6):e98788. doi:
10.1371/journal.pone.0098788. eCollection 2014.

Evaluation of the reactivity of commercially available monoclonal antibodies with
equine cytokines. Schnabel C. L. , Wagner S., Wagner B., Durán M. C., Babasyan
S., Nolte I., Pfarrer C., Feige K., Murua Escobar H., Cavalleri J. M.. Vet Immunol
Immunopathol. 2013 Nov 15;156(1-2):1-19. doi: 10.1016/j.vetimm.2013.09.012.
Epub 2013 Sep 25.

Comparison of non-coding RNAs in human and canine cancer. Wagner S.,
Willenbrock S., Nolte I., Murua Escobar H.. Front Genet. 2013; 4: 46. Prepublished
online

2012

November

4.

Published

10.3389/fgene.2013.00046

195

online

2013

April

8.

doi:

Publications

Authentication of primordial characteristics of the CLBL-1 cell line prove the integrity
of a canine B-cell lymphoma in a murine in vivo model. Rütgen B. C., Willenbrock
S., Reimann-Berg N., Walter I., Fuchs-Baumgartinger A., Wagner S., Kovacic B.,
Essler S. E., Schwendenwein I., Nolte I., Saalmüller A., Murua Escobar H.. PLoS
One. 2012;7(6):e40078. Epub 2012 Jun 28.

Effects of High-Mobility Group A Protein Application on Canine Adipose-Derived
Mesenchymal Stem Cells In Vitro. Ismail A. A., Wagner S., Murua Escobar H.,
Willenbrock S., Sterenczak K. A., Samy M.T., Abd El-Aal A. M., Nolte I., Wefstaedt
P.. Vet Med Int. 2012;2012:752083. doi: 10.1155/2012/752083. Epub 2012 Feb 8.

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
A. E., Sterenczak K. A., Eberle N., Wagner S., Soller J. T., Nolte I., Bullerdiek J.,
Murua Escobar H., Simon D.. Vet Comp Oncol. 2010 Jun;8(2):87-95. doi:
10.1111/j.1476-5829.2010.00207.x.

Co-transfection of plasmid DNA and laser-generated gold nanoparticles does not
disturb the bioactivity of GFP-HMGB1 fusion protein. Petersen S., Soller J. T.,
Wagner S., Richter A., Bullerdiek J., Nolte I., Barcikowski S., Murua Escobar H.. J
Nanobiotechnology. 2009 Oct 24;7:6. doi: 10.1186/1477-3155-7-6.

Genomic characterisation, chromosomal assignment and in vivo localisation of the
canine high mobility group A1 (HMGA1) gene. Beuing C., Soller J. T., Muth M.,
Wagner S., Dolf G., Schelling C., Richter A., Willenbrock S., Reimann-Berg N.,
Winkler S., Nolte I., Bullerdiek J., Murua Escobar H.. BMC Genet. 2008 Jul 23;9:49.
doi: 10.1186/1471-2156-9-49.

8.2. Manuscripts in preparation for submission
Improved rAAV genome isolation for quantification by absolute real-time PCR.
Wagner S., Ngezahayo A., Murua Escobar H., Nolte I..

196

Publications

Let-7 and associated genes in canine prostate cancer. Wagner S., Eberle N.,
Ngezahayo A., Murua Escobar H., Nolte I..

8.3. Oral presentations
Veterinary Cancer Society Annual Conference. 17.10. - 19.10.2013, Minneapolis,
Minnesota, USA. Wagner S, Murua Escobar H, Nolte I. Comparative gene
expression analyses in canine prostate cancer. In: Proceedings of the Veterinary
Cancer Society 2013, p. 83

Veterinary Cancer Society Annual Conference. 18.10. - 21.10.2012, Las Vegas,
Nevada, USA. Schnabel C., Wagner S., Duran C., Nolte I., Wagner B., Murua
Escobar H., Feige K., Mueller J.. Evaluation of equine cytokine specific antibodies.
In: Proceedings of the Veterinary Cancer Society 2012, p. 61.
18. Jahrestagung der FG „Innere Medizin und klinische Labordiagnostik“ der DVG
(InnLab). 06. - 07.02.2010, Hannover, Germany. Wagner S., Soller J. T., Sterenczak
K., Willenbrock S., Nolte I., Bullerdiek J., Murua Escobar H.. A33, Construction of
let-7 miRNA expression-vectors for directed HMGA2 knock down. In: Tierärztliche
Praxis

8.4. Poster presentations
22. Jahrestagung der FG „Innere Medizin und klinische Labordiagnostik“ der DVG
(InnLab). 31.01.2013 - 02.02.2014, Gießen, Germany. Wagner S., Murua Escobar
H.,

Nolte

I..

P07,

Vergleichende

Genexpressionsanalysen

an

kaninen

Prostataproben. In: Tierärztliche Praxis, p. 15.

European Society of Veterinary Oncology (ESVONC) Annual Congress 2011.
23.03. - 27.03.2011, Glasgow, Scotland, UK. Wagner S., Willenbrock S., Sterenczak
K., Bullerdiek J., Nolte I., Murua Escobar H.. Construction of let-7a expressing
vectors for down regulation of the tumour marker HMGA2. In: Proceedings of the
European Society of Veterinary Oncology 2011.

197

Schulischer / Wissenschaftlicher Werdegang

9. Schulischer / Wissenschaftlicher Werdegang
12/2014 – heute

Postdoktorand an der Stiftung Tierärtzliche Hochschule
Hannover, Klinik für Kleintiere, Hannover

12/2014

Promotion an der Gottfried Wilhelm Leibniz Universität
Hannover (Note: sehr gut)

04/2009 – 12/2014 Wissenschaftlicher Mitarbeiter an der Stiftung Tierärtzliche
Hochschule Hannover, Klinik für Kleintiere, Hannover
03/2007 – 03/2009 Wissenschaftlicher Mitarbeiter am Zentrum für Humangenetik,
Bremen

Studium:
03/2007 – 06/2008 Durchführung der Diplomarbeit am Zentrum für Humangenetik,
Bremen (Etablierung einer molekulargenetischen Methode zur
quantitativen Analyse der caninen HMGA1 (HMGA1a/b)
Expression und vergleichende HMGA1 Expressions-Analysen
zwischen Mensch und Hund)
10/2002 – 06/2008 Studium der Biologie im Diplomstudiengang an der Carl von
Ossietzky Universität, Oldenburg (Note: sehr gut)
10/2004 – 03/2007 Parallelstudium der Chemie im Diplomstudiengang an der Carl
von Ossietzky Universität Oldenburg

Schulbildung:
08/1999 – 06/2002 Fachgymnasium Wirtschaft Friesoythe
09/1995 – 06/1999 Albertus-Magnus-Gymnasium Friesoythe

198

Erklärung zur Dissertation

10. Erklärung zur Dissertation
Hiermit erkläre ich, dass ich die Dissertation mit dem Titel
“Analyses of miRNA let-7 and its targets in canine neoplasias as model for human
counterparts”

selbstständig verfasst und die benutzten Hilfsmittel und Quellen sowie
gegebenenfalls die zu Hilfeleistungen herangezogenen Institutionen vollständig
angegeben habe.

Die Dissertation wurde nicht schon als Masterarbeit, Diplomarbeit oder andere
Prüfungsarbeit verwendet.

Ich versichere, dass ich die vorstehenden Angaben nach bestem Wissen vollständig
und der Wahrheit entsprechend gemacht habe.

Siegfried Wagner

199

Danksagung

11. Danksagung
Herrn Privat Dozent Dr. Hugo Murua Escobar danke ich für die hervorragende,
durchgehende Betreuung und die Unterstützung während meiner gesamten
Promotionsphase. „Fokusieeere!“

Herrn Prof. Dr. Ingo Nolte danke ich für die mir an der Klinik für Kleintiere
(Tierärztliche Hochschule Hannover) gebotenen Möglichkeiten sowie für das
Vertrauen, dass er in mich gesetzt.

Meinem Doktorvater Herrn Prof. Dr. Anaclet Ngezahayo danke ich dafür, dass ich
meine Doktorarbeit als sein Doktorand beenden durfte. Insbesondere möchte ich
mich bei Ihm dafür bedanken, dass er immer ein offenes Ohr für meine Belange
hatte und mir immer mit Rat zur Seite gestanden hat.

Herrn Prof. Dr. Thomas Scheper danke ich für die kurzfristige Übernahme des
Prüfungsvorsitzes für meine Disputation.

Bei der Hannoverschen Gesellschaft zur Förderung der Kleintiermedizin e.V.
(HGFK) möchte ich mich für die finanzielle Unterstützung, die die Durchführung
meiner Doktorarbeit ermöglicht hat, bedanken.

Meiner langjährigen Kollegin Frau Dr. Saskia Willenbrock danke ich für die
zahlreichen, fachlichen Diskussionen, das Korrekturlesen und die Unterstützung
während meiner Zeit als Doktorand.

Herr Prof. Dr. Ingo Nolte sowie Frau Dr. Martina Nolte danke ich für das
Korrekturlesen meiner Dissertationsschrift und die Verbesserungsvorschläge.

Weiter möchte ich Frau Dr. Saskia Willenbrock, meinen ehemaligen Kollegen Frau
Dr. Katharina Sterenczak und Herrn Dr. Jan Soller für die Einarbeitung im Labor
während meiner Diplomarbeit und in den Anfängen meiner Doktorarbeit danken.

200

Danksagung

Den „alten Hunden“ danke ich für die vielen tollen gemeinsamen Stunden im Büro
aber auch beim Feiern.

Frau Gabriele Bante danke ich vielmals für die Hilfe und Unterstützung im
verwaltungstechnischen und organisatorischen Bereich und für ihre ansteckende,
stets gute Laune.

Meiner Kollegin Frau Susanne Hammer danke ich für das Korrekturlesen meiner
Manuskripte und die fachliche Hilfe. Zusätzlich möchte ich mich auch dafür
bedanken, dass sie all die vielen Aufgaben, die im Laboralltag anfallen aber die
eigene Arbeit nur peripher tangieren, für mich mit übernommen hat.

Weiter danke ich meiner Kollegin Frau Heike Thiemeyer, denn durch Ihre
Aufmerksamkeit und fachliche Kompetenz als Tierärztin war es möglich die
Ergebnisse des von uns durchgeführten Prostatascreenings besser interpretieren
und Trends erkennen zu können.

Den ehemaligen Masterstudentinnen, Susanne Nagel, Denise Maibaum, Birthe
Gerike, Feyza Selcuk, Daira Jilani und Laura Schmidt danke ich für die
Unterstützung im Labor.

Bei unseren Kollegen Dr. Markus Schomaker und Dr. Dag Heinemann vom Laser
Zentrum Hannover und bei Dr. Nicola Reimann-Berg vom Zentrum für
Humangenetik Bremen bedanke ich mich für die tolle Zusammenarbeit.
Nicola Du hattest recht es kristallisiert such alles am Ende heraus!

Den VMTA Praktikantinnen und Praktikanten Fräulein Annika Schnoor, Herrn
Steffen Schmalz, Frau Sari Eberle sowie den Technischen Assistenten, Frau
Alexandra Anders, Regina Carlson, Herrn Dirk Menzel sowie Herrn Jan Schwarze
danke ich für die Unterstützung im Labor.

Herrn Diplom Biologen Andreas Köppen danke ich vielmals für die Unterstützung
im EDV Bereich.
201

Danksagung

Einen ganz herzlichen Dank möchte ich meiner Familie aussprechen. Meiner Frau,
die aufgrund meiner langjährigen Promotion mit auf vieles verzichten musste und
mich immer aufgebaut und unterstütz hat. „YEAH“.

Einen besonderen Dank möchte ich meinen Eltern aussprechen, die mir das
Studium der Biologie ermöglicht haben und mich stets motiviert und unterstützt
haben. Die, wie meine Frau meine oft schlechte Laune und teils harschen Ton
ertragen haben.

Meinen Schwiegereltern danke ich ebenfalls für die langjährige Hilfe und
Unterstützung.

Bei meinem Opa Viktor bedanke ich mich für die Unterstützung und die Gespräche
während des Teetrinkens. Meiner Oma Lidia danke ich, dass Sie für uns Kinder
immer Zeit hatte und mir, zusammen mit Opa, den ersten Satz auf Deutsch
beigebracht hat. Ich kann ihn immer noch .

Meinen Schwestern und Schwagern danke ich ebenfalls für den langjährigen
Beistand.

Bei meinem besten Freund Richard bedanke ich mich für die vielen Jahre in denen
wir uns zusammen durch den Schulstoff und das Studium gekämpft haben und
dabei einiges erlebt haben.

Zum Schluss möchte ich mich noch einmal bei der gesamten Arbeitsgruppe, meinen
Freunden, meiner Familie und all den Menschen die mir in irgendeiner Weise
geholfen haben, bedanken. Denn abgesehen von der eigenen Motivation und
Anstrengung

kommt

man

nur

wirklich

voran

zusammenarbeiten und sich austauschen kann.

202

wenn

man

mit

anderen

