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1. Previously published or submitted excerpts of this thesis 
 

Chapters 3 and 4 have been published and chapter 5 has been accepted for publication in 

scientific peer-reviewed journals: 

Chapter 3 was published in May 2016 in the Journal of Neuroscience Methods by Verena 

Schuldenzucker and Sarah Schramke (both authors contributed equally), Robin Schubert, Frauke 

Frank, Maike Wirsig, Stefanie Ott, Jan Motlik, Michaela Fels, Nicole Kemper, Eva Hölzner and 

Ralf Reilmann under the title “Behavioral phenotyping of minipigs transgenic for the Huntington 

gene” (265:34–45; doi: 10.1016/j.jneumeth.2015.11.013). As the author of this Elsevier article, I 

retain the right to include it in my thesis (Copyright Clearance Center’s RightsLink; 

https://s100.copyright.com/AppDispatchServlet). The methods presented in chapter 3 were 

conceived by Verena Schuldenzucker, Sarah Schramke and Ralf Reilmann. The methods were 

described and discussed by Verena Schuldenzucker and Sarah Schramke. The article was drafted 

by Verena Schuldenzucker and Sarah Schramke and critically revised by all authors who 

approved the publication of the final version. 

Chapter 4 was published in October 2017 in the journal PLOS ONE by Verena Schuldenzucker, 

Robin Schubert, Lisa M. Muratori, Frauke Freisfeld, Lorena Rieke, Tamara Matheis, Sarah 

Schramke, Jan Motlik, Nicole Kemper, Ute Radespiel and Ralf Reilmann under the title 

“Behavioral testing of minipigs transgenic for the Huntington gene – a three-year observational 

study” (12(10):e0185970; doi: 10.1371/journal.pone.0185970). All PLOS ONE articles are 

published under a Creative Commons CC-By 4.0 license, which means the contents of the article 

may be freely redistributed or adapted as long as the original article is appropriately attributed. 

For this reason, I am allowed to reprint the article in this thesis 

(https://creativecommons.org/licenses/by/4.0/). The tests described in chapter 4 were conceived 

and designed by Verena Schuldenzucker and Ralf Reilmann. The data were acquired and 

analyzed by Verena Schuldenzucker using RStudio (Version 3.1.1, R Foundation for Statistical 

Computing, Vienna, Austria, 2014). Data interpretation was carried out by Verena 
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Schuldenzucker and Ralf Reilmann. The article was drafted by Verena Schuldenzucker and 

critically revised by all authors who approved the publication of the final version. 

Chapter 5 has been accepted for publication in the Journal of Huntington’s Disease by Verena 

Schuldenzucker, Robin Schubert, Lisa M. Muratori, Frauke Freisfeld, Lorena Rieke, Tamara 

Matheis, Sarah Schramke, Jan Motlik, Nicole Kemper, Ute Radespiel and Ralf Reilmann under 

the title “Behavioral assessment of stress compensation in minipigs transgenic for the Huntington 

gene using cortisol levels – a proof-of-concept study” for publication in its current form after 

revision. After having consulted the Journal and checking SHERPA/RoMEO for archiving 

policy, I am allowed to reprint the article in this thesis. The study was conceived and designed by 

Verena Schuldenzucker and Ralf Reilmann. The data were acquired and analyzed by Verena 

Schuldenzucker using RStudio (Version 3.1.1, R Foundation for Statistical Computing, Vienna, 

Austria, 2014). The Data interpretation was carried out by Verena Schuldenzucker and Ralf 

Reilmann. The article was drafted by Verena Schuldenzucker and critically revised by all authors 

who approved the publication of the current version. 
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2. General introduction 
 

2.1 Huntington’s disease 

Huntington’s disease (HD) is an autosomal dominant neurodegenerative and progressive genetic 

disorder (1). The prevalence of HD among the population is approximately 6 per 100,000 

inhabitants in North America, Europe and Australia (2) with disease onset around middle age. 

Death occurs after 15-20 years, depending on the manifestation of the disease. There is also a rare 

juvenile type of disease, which starts before the age of 20 and has a faster disease progression (1). 

As HD is an inherited autosomal dominant disease, the probability of each offspring inheriting an 

affected gene is 50%. The Huntington gene, which encodes the Huntingtin (Htt) protein, was first 

mapped to a specific human chromosome in 1983 (3). Ten years later scientists identified the 

exact DNA-sequence and the associated mutation (4). The genetic disorder is located on the short 

arm of chromosome 4 (4p16.3, exon 1) and manifests itself in an increased number of CAG 

repeats (polyglutamin disease) (4,5). The number of CAG repeats is different in every person and 

patient. However, Htt is expressed in healthy persons, too, and even indispensable to life. 

Knocking down the HD gene, for example, leads to embryonic death (1). It seems to interact with 

other proteins and therefore has multiple biological functions. Individuals with up to 35 repeats 

are unlikely to be affected. However, having 27-35 CAG repeats means a rare risk of an 

expansion of the CAG triplet within the next generation (6). Having 36-39 repeats means a higher 

risk of developing HD and people with 40 or more repeats will definitely manifest a disease 

phenotype (4,5). Additionally, disease onset and severity correlate with increasing CAG repeats. 

The mutated HD gene with >35 repeats leads to the mutated Htt (mHtt), which is toxic to certain 

cell types, particularly in the brain. It manifests itself with early damage in the striatum (caudate 

and putamen) and disease progression in other areas (e.g., substantia nigra and cortical layers) 

(1,4,7,8). The caspase, for instance, that plays a role in catalyzing apoptosis, is thought to be 

activated by mHtt (9). In summary, the disease is not caused by an inadequate production of Htt, 

but by a toxic gain of function of mHtt (1). Symptoms, probably caused by brain atrophy, include 

motor dysfunctions (e.g., hyperkinesia, bradykinesia), cognitive deficits (e.g., dementia), 

behavioral disorders (e.g., depression, aggressiveness, restlessness), metabolic changes (e.g., 
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phosphocreatine decrease) and cachexia (1,10-17). Brain atrophy, a marked sign for which is an 

enlargement of the second ventricle, is visible with T1-weighted MRI-scans long before other 

symptoms can be detected (premanifest) (11). To better classify the level of the disease in HD 

patients, a Unified Huntington’s Disease Rating Scale (UHDRS) was established (18). It assesses 

cognitive and motoric skills as well as behavior. This classification is important to evaluate 

disease progression in HD patients. Furthermore, a quantitative test battery (Q-motor) assessing 

motor function in (pre-) HD patients and healthy controls was established, too (19). 

 

2.2 Toxin and animal models 

In order to learn more about HD, understand its symptoms and their progression and perhaps find 

a cure, a great deal of research has been carried out. Before 1993 there were several toxin models, 

such as the quinolinic acid (QA) model or the 3-Nitropropionic acid (3-NP) model (20,21), with 

both models leading to the HD-like symptom of hyperkinesia in mice models. A breakthrough 

came in the field of HD research with the decoding of the HD gene in 1993. Different genetically 

modified animal models were established, offering new approaches in research. Cell culture 

models and studies with lower organisms like yeast cells, Drosophila melanogaster, 

Caenorhabditis elegans or studies with Danio rerio helped to gain new knowledge in the field of 

HD research (22-26). Successful rodent models have been developed as well, like the famous 

R6/2 mouse (27). Projects with non-human primates (28) and large animal (LA) models, 

including sheep (29) and pigs (30-32), followed (33). The advantage of LA models is their 

similarity to humans in body weight, metabolism, life span and neuroanatomy (32,34,35). In any 

neurodegenerative disease, brain anatomy and structure are vastly important aspects to research. 

Although there has been a lot of research to date, an effective causal therapy is still lacking (36).  

 

2.3 The Libechov minipig as a large animal model for HD 

The overall aim of this pilot study was to find an appropriate and tolerable test battery to work 

with minipigs and detect a potential phenotype of HD in the Libechov minipig model during the 
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project duration of three years. A minipig model was chosen as it offers all the advantages 

mentioned above (see Figure 1 for similarities in body and brain weight/brain structure compared 

to humans and other animals) (33,37-39, Primate Info Net). The research center PIGMOD & 

Institute of Animal Physiology and Genetics in the Czech Republic bred a transgenic minipig 

model of HD (Libechov minipig). It is a transgenic HD minipig (tgHD) model, with one copy of 

the human mHtt encoding 124 CAG repeats (124Q) under the control of a human Huntingtin 

promotor. The transgene is integrated into the porcine chromosome 1 (1q24-q25) and is then 

successfully transmitted to successive generations (32). The study started at the end of 2012 with 

six groups of six female, mixed transgenic (tg, 124Q) and wildtype (wt) Libechov minipigs 

(n=36, tgHD=17, wt=19) in Muenster, Germany. The groups contained an unequally distributed 

number of genotypes due to the variability in expression of the transgene in different litters. 

 

 

 

 

 

 

 

 

 

 

Fig.1: Brain volume, weight and structure as well as body weight of humans and different animals. 
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2.4 Aims and Hypotheses 

This doctoral project was divided into three parts for separate publication, which have already 

been published (chapters 3 and 4) or been submitted for publication (chapter 5). In congruence 

with this division, the specific aims of the three chapters were as follows: 

Part 1: To establish a behavioral test battery to phenotype a minipig model for HD 

As HD patients typically suffer from motor dysfunctions, cognitive deficits and behavioral 

disorders (1,10,12-15) this project aimed to develop a series of behavioral tests that allow to 

phenotype the minipigs with respect to these domains. The design of the test battery was based 

on the UHDRS and the Q-motor test battery containing tests to assess motor function, cognitive 

skills and behavior in general. Furthermore, a phenotype test battery for LA models had to be 

feasible, tolerable and repeatable over (several) years. Consequently, the following test types 

were chosen: 

- Development of behavioral tests to estimate locomotor performance and deficiencies in 

minipigs 

o Estimation of general locomotor ability: hurdle test 

o Estimation of tongue flexibility: tongue coordination test 

- Development of a behavioral test to estimate the cognitive performance and deficiencies 

in minipigs 

o Estimation of discrimination ability: color discrimination test 

- Development of a behavioral test to estimate the competitive potential of minipigs 

o Estimation of social dominance: dominance test 

 

Part 2: To assess the longitudinal performance of the test battery over a three-year period with the 

minipig model for HD  

- Application of the test battery  

o twice a year per group (see Table 1), six visits  
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o  test for feasibility 

o detect potential signals of a developing HD phenotype in a transgenic minipig 

model for HD between the age of one to four years compared to a control 

group of the same age 

- Analysis of the three-year data using RStudio 

 

Part 3: To assess the stress response of a minipig model for HD 

Depression is a common symptom in HD patients (10) that leads to an elevated Hypothalamic-

Pituitary-Adrenal-(HPA) axis activity (40). The synthesis of the stress hormone cortisol 

(glucocorticoid) is regulated by the HPA-axis (41,42). For this reason, a stress test assessment 

was developed to evaluate whether there is a difference in the stress response, indicated through a 

cortisol increase, between tgHD and wt minipigs.  

- Measurement of the cortisol levels and the cortisol increase after introducing a 

stressor with animals between the age of around three to four years 

o once a year per group (see Table 1), two visits 

o test for feasibility 

o detect potential signals of a HD phenotype and compare the results between 

tgHD and wt animals using RStudio 
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Table 1: Assessment Schedule – Example of one year 

 Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Gr. 1 test 

battery 
     

test 

battery 

stress 

test 
    

Gr. 2   
test 

battery 
     

test 

battery 

stress 

test 
  

Gr. 3     
test 

battery 
     

test 

battery 

stress 

test 

Gr. 4 
test 

battery 

stress 

test 
    

test 

battery 
     

Gr. 5   
test 

battery 

stress 

test 
    

test 

battery 
   

Gr. 6     
test 

battery 

stress 

test 
    

test 

battery 
 

 

Another part of the study included annual MRI brain scans of all animals. These scans included 

volumetric, diffusion-weighted and spectroscopic assessments (43). The analyses of the MRI 

scans are not part of this study and will be published elsewhere.    
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3. Behavioral phenotyping of minipigs transgenic for the Huntington gene 

Published in 2016 in Journal of Neuroscience Methods, Volume 265, 30 May 2016, Pages 34-45 

(doi: 10.1016/j.jneumeth.2015.11.013) 

https://www.sciencedirect.com/science/article/pii/S016502701500415X 
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4. Behavioral testing of minipigs transgenic for the Huntington gene – a three-

year observational study 

Published in 2017 in PLOS ONE, Volume 12, October 9, 2017 (doi: 

10.1371/journal.pone.0185970) 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0185970 
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Abstract 

Background: Huntington disease (HD) is an autosomal-dominant, progressive neurodegenerative 

disorder with motor, cognitive, behavioral and metabolic symptoms. HD patients exhibit an 

altered response to stress which is reflected in changes of cortisol levels. Large animal models of 

HD such as the Libechov minipig are currently explored in preclinical studies to improve 

translational reliability and assessing behavior is of interest.   

Objective: This study aimed to investigate whether cortisol metabolism and response to stress are 

changed in minipigs transgenic for the Huntington gene (tgHD) compared to wildtype (wt) 

animals suggesting that cortisol may be used as a marker for stress in minipigs. 

Methods: Thirty-two Libechov minipigs (14 tgHD and 18 wt) were tested before, during and 

after a stressor, i.e. a hoof trimming procedure, was applied at baseline and after one year. A total 

of six saliva samples were collected at each assessment and cortisol was measured. In addition, 

body temperature and respiratory rate were assessed at three pre-determined points during each 

hoof trimming procedure.  

Results: All minipigs showed a rise of cortisol in response to the hoof trimming stressor similarly 

to cortisol changes induced by stress observed in humans. No relevant differences were detected 

between tgHD and wt minipigs. 

Conclusion: Cortisol testing for the assessment of stress compensation, e.g. during hoof 

trimming, is feasible and well tolerated in wt and tgHD minipigs. To elucidate the time profile of 

cortisol responses to stressors further studies with assessments at multiple time points and 

exploration of the diurnal profiles of cortisol in minipigs are recommended. 

 

Keywords: animal models, minipigs, phenotyping, biomarker, saliva, cortisol, vital signs  
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5.1 Introduction 

Huntington disease (HD) is a neurodegenerative genetic disorder caused by an autosomal 

dominant mutation in the Huntingtin (HTT) gene [1]. An extended poly-glutamine (poly-Q) 

section in the HTT protein is translated to an abnormal CAG repeat length (≥ 36) in the HTT 

gene and likely induces a toxic gain-of-function [2]. HD is characterized by motor and cognitive 

dysfunction as well as behavioral and psychiatric changes, e.g. depression [1]. Typically, 

behavioral and psychiatric pathology, particularly depression, alter responses to stress and thus 

stress plays a major role in various pathophysiological processes associated with 

neurodegenerative diseases and mental disorders [3-5].  

Stress increases the activity of the hypothalamic-pituitary-adrenal (HPA) axis, a pathway 

commonly involved in stress-response across species. Consecutive increases in the synthesis of 

the stress hormone cortisol (glucocorticoid) [6], regulated by the HPA-axis [7], are observed. 

Elevated HPA-axis activity is seen in patients suffering from depression [8]. In R6/2 HD mice 

treatment with high doses of corticosterone (rodent homolog of cortisol) resulted in weight loss 

and shortened lifespan [9]. Studies with rodents and primates exposed to stress revealed neuronal 

loss in the hippocampus and atrophy and volume reduction in the prefrontal cortex [10-12]. 

Neurodegeneration in humans has also been found in the hypothalamus [13]. These findings 

suggest that prolonged exposure to stress, i.e. cortisol, enhances neurodegenerative processes in 

the brain [14,15]. Therefore, monitoring of cortisol levels and responses seem reasonable and 

cortisol now is accepted and routinely used as a marker to assess response to stress [16].  

In fact, cortisol metabolism was shown to be altered in human HD. In some studies of 

symptomatic HD patients plasma cortisol levels were increased and increased salivary cortisol 

was detected in pre-manifest HD gene carriers [17,18]. While this was in line with clinical 

expectations a study in another patient cohort reported hypocortisolism in early-HD [19].  

Psychiatric symptoms, such as depression, are a key driver of functional impairment in HD 

patients [20]. Therefore, methods assessing this domain in HD animal models are desirable for 

preclinical studies. Assessing psychiatric pathology in animal models behaviorally can be a 

challenge. We recently established a battery of motor, cognitive and behavioral tests to phenotype 

transgenic (tg) HD minipigs (124Q N-terminal fragment model) [21]. Establishing an objective 
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marker for behavioral changes such as cortisol could supplement available methods and serve as 

a welcome and easy to apply option for future preclinical studies with minipigs. 

The normal human diurnal cortisol profile shows increased levels shortly after awakening and a 

subsequent decrease during the rest of the day [22]. Of note, cortisol peaks are commonly 

observed approximately 30 minutes after stressors are applied [16,23-25]. The tgHD R6/1 pre-

motor onset female mice also demonstrated an increased corticosterone release after exposure to 

a stressor [26]. Similar peaks were reported in pig salivary cortisol levels when food/water 

restriction or transport simulation were applied as stressors [27]. We concluded that this method 

might be applicable to assess cortisol levels in tgHD minipigs non-invasively and serve as 

surrogate for stress compensation and management. 

In order to provide a standardized environment and stressor, we took advantage of the minipigs 

regular need for hoof trimming. Since the minipigs were housed on straw to provide animal-

friendly conditions, excessive growth of hoofs was observed regularly. A custom-made hoof 

trimming cage was designed. Minipigs were suspended in this cage to perform hoof trimming, 

which resulted in unavoidable stress for the animals by (1) exposure to the setup, (2) entering the 

cage, (3) being lifted without contact to the ground, and (4) the hoof trimming procedure.  

Hence, we decided to investigate whether it is feasible to obtain salivary cortisol levels in 

minipigs during performance of the standardized hoof trimming procedure and whether cortisol 

could serve a quantitative marker of stress and behavioral pathology in tgHD minipigs. We 

hypothesized that tgHD minipigs show altered stress response compared to wt minipigs and 

performed a baseline and follow-up assessment after one year to assess test-retest reliability and 

longitudinal behavior of the measure. 

 

5.2 Materials and methods 

Animals and housing conditions 

The study was conducted with 32 adult, female Libechov minipigs, 14 tgHD (124 Q) and 18 wt 

controls. The Libechov minipig is a mixture of five different races, the Goettingen minipig, 

Minnesota minipig, Cornwall minipig, Large Black and Large White minipig [28]. The animals 
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were bred at the Institute of Physiology and Genetics in Libechov, Czech Republic. With a life 

expectancy of around 12-15 years [29] and an adult body weight of around 46-128 kg [30] they 

have the propensity to serve as a large animal (LA) model with a high genetic homology 

compared to humans (approx. 98.5%). All six groups were housed at the central animal facility 

(ZTE) of the University Hospital of Muenster (UKM), Germany, in unequally distributed mixed 

tg and wt groups in 12m² stables with a target temperature of 22°C and a humidity of 50-60% 

[21]. All stables were equipped with straw and hay as well as toys (e.g. balls and chains) for 

environmental enrichment. The pigs received a special feed two times a day (Wilhelm Reckhorn 

GmbH&Co. KG, 9091 Minipig Combi) and water ad libitum. A continuous medical surveillance 

was ensured by the ZTE. Resting values for the respiratory rate, body temperature, and the 

salivary cortisol (measured under familiar conditions inside the stable) were collected to provide 

a robust baseline (Table 1). Experiments were conducted in accordance and with permission of 

the local governmental animal protection agency prior to initiation of the study. 

 

Table 1: Mean resting and stress values of (body temperature), respiratory rate and cortisol of the 

Libechov Minipig. Resting values were measured inside the stable, stress values were measured during the 

hoof trimming procedure (temperature, respiratory rate) and directly afterwards (cortisol). 

 

Experimental setup  

Between August 2014 and December 2016, every pig received two hoof trimming sessions with 

stress test assessments at baseline (visit 1 - V1) and after 1 year (visit 2 - V2) at the ZTE. During 

the V1 procedure, the animals were 2-3 years old and were well accustomed to their environment 

in the ZTE stables. The hoof trimming cage (HTC) was custom-made (Bilfinger GmbH, 

Germany) to fit the size of the animals and the needs of this project. Figure 1 shows pictures of 

the HTC. The cage is 130cm long, 80cm high, 40cm wide and covered with stainless steel sheets 

(tare weight approximately 100kg). Lockable lattice doors are available at each end. The base of 

  Resting Value (mean) n Stress Value (mean) n 

Temperature [°C] ### ### 38.67 58 

Respiratory rate [1/min] 33.23 13 35.05 59 

Cortisol [µg/dl] 0.341 62 0.896 57 



24 

 

 

A B C 

the HTC contains a fixed, rounded and padded pole (8cm diameter). The animals were placed one 

foreleg and one hind leg on each side of this pole when entering the cage and rested with their 

breast and abdomen on the pole. The cage was lifted up with a crane (Hadef GmbH, Germany) so 

the hoofs could be easily accessed approximately 30cm above the ground from all sides. Four 

extendable support legs were used to provide a firm stand avoiding displacement of the cage. 

Although the side walls of the HTC were closed, direct visual contact with the minipig was 

available at both ends of the cage. 

 

 

 

 

 

 

Figure 1: (A) The hoof trimming cage (HTC). HTC front face with lockable doors on each of the short 

sides. (B) Long side of the HTC; covered with stainless steel sheets. Minipig inside is lifted up with all 

hoofs accessible for hoof trimming. (C) Front face of the HTC with minipig inside during saliva sample 

collection. 

 

Experimental setup – procedure of hoof trimming and saliva collection 

Salivary cortisol samples were collected before, during and after the hoof trimming procedures at 

the same time intervals V1 and V2 (Table 2). Pigs were allowed to chew on a piece of cotton 

until saliva was available for collection (samples a, b, c, d, e, and f). The respiratory frequency 

and body temperature were measured three times during hoof trimming (respiratory frequency = 

rf1, rf2, rf3; body temperature = t1, t2, t3). The first cortisol sample (sa; resting cortisol) was 

collected within the familiar environment of the stable to ascertain a minimal stress exposure. 

Afterwards, the pig left the stable, voluntarily entered the HTC and was rewarded with treats 

(Wilhelm Reckhorn GmbH & Co. KG, Altromin 9053 special diet for Minipigs). Once the 

minipig was inside the cage, all doors were closed. The pulse oximeter was fastened on the 
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minipigs tail and the heart rate was documented every 30 seconds. The cage was lifted (crane up 

= cu) and 15 min after collection of the resting cortisol a second sample (sb) was collected and 

the first respiratory rate (rf1) and temperature (t1) were recorded. The length hoof trimming 

procedure (applying a gripper) followed (length correction front/hind right/left = lfr, lfl, lhr, lhl) 

and took about two minutes per hoof. This was followed by the third saliva collection (sc) and 

second measurement of respiratory rate (rf2) and temperature (t2). The angle hoof trimming 

(applying an angle grinder) (angle correction front/hind right/left = afr, afl, ahr, ahl) took an 

additional two minutes per hoof and was followed by the fourth saliva collection (sd) and third 

vital sign measurements (rf3, t3). Subsequently, the cage was lowered (crane down = cd) to the 

ground, the animal left the cage and re-entered the stable. Five and ten minutes after the fourth 

saliva sample, the fifth (se) and sixth (sf) samples were collected inside the familiar environment 

of the stable. The whole procedure lasted approximately 45 minutes – see table 2 for a timeline.    

 

Table 2: Standardized schedule of the stress test.  

 

Measuring saliva samples via ELISA 

The measurement of the saliva samples was performed using a competitive ELISA procedure 

(IBL International GmbH, Germany). All saliva samples collected in the ZTE were frozen 

overnight at -20°C. The next day, the samples were defrosted at room temperature (RT) and 

centrifuged for 10 minutes at 2500xg to extract the saliva from the cotton. The supernatant was 

Time [min.] 0 5 10 15 20 25 30 35 40 45 

Location stable stable HTC HTC HTC HTC HTC HTC stable stable 

Pulse x x x x x x 

Saliva* x x x x x x 

Respiratory rate x x x x 

Temperature       x   x   x     

*saliva samples a, b, c, d, e, f 

whole procedure inside the HTC (=manipulations): cu=crane up, rf1=respiratory frequency 1, t1=body temperature 1, sb=saliva sample b, lfr=length correction 

front right, lfl=length correction front left, lhr=length correction hind right, lhl=length correction hind left, rf2=respiratory frequency 2, t2=body temperature 2, 

sc=saliva sample c, afr=angle correction front right, afl=angle correction front left, ahr=angle correction hind right, ahl=angle correction hind left, rf3=respiratory 

frequency 3, t3=body temperature 3, sd=saliva sample d, cd=crane down 
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filled into labeled Eppendorf tubes and stored at -20°C until further processing. On the day of 

measurement, the samples were defrosted and all reagents brought to room temperature (18-

25°C). The ELISA was conducted as described in the IBL manual for cortisol ELISA (IBL 

International GmbH, Germany). At the end of the test the optical density of the ELISA was 

measured with a photometer (Thermo Scientific Multiskan FC, Vantaa, Finland) at 450nm 

(reference-wavelength: 600-650 nm) within 15 minutes after adding the stop solution. For all 

assessments, quality controls were within the acceptable ranges as stated on the labels and the 

IBL QC certificate (IBL International GmbH, Germany). 

 

Statistics 

The statistical evaluation was carried out with RStudio (Version 3.1.1, R Foundation for 

Statistical Computing, Vienna, Austria, 2014). To analyze differences between tg and wt 

minipigs over the 45 minute assessment a 2 (group) x 6 (cortisol sample time), a 2 (group) x 3 

(respiratory rate/temperature time point) and a 2 (group) x 19 (manipulations) repeated measures 

ANOVA was conducted for V1 and V2, respectively. To analyze differences between tg and wt 

pigs over the 45 minute assessment a 2 (group) x time ANOVA was conducted for V1 and V2, 

respectively. The two groups (tg, wt) have been compared across the six saliva samples, three 

time points of respiratory rate/temperature measurements and 19 manipulations inside the HTC. 

Differences between tg and wt animals within the sample times were analyzed with the 

Wilcoxon-Mann-Whitney Test. This test was performed, if the ANOVA showed a (sample) time 

effect. In this case the difference between (sample) times across groups (n = 32) was tested for 

exploratory purposes. The significance level was set to p≤0.05 (* indicates p≤0.05, ** indicates 

p≤0.01, *** indicates p≤0.001). No adjustment for multiple testing was performed.  

 

5.3 Results 

Increased cortisol concentrations [µg/dl] were detected at V1 (Figure 2A) and V2 (Figure 2B) 

assessments and a comparison between the two visits (Figure 2C). There is an overall sample 

time effect (n=32) at both visits (p<0.001). The V1 comparison between tgHD and wt minipigs 
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(post-hoc analysis using the Wilcoxon-Mann-Whitney Test) shows a statistical trend suggesting a 

higher cortisol concentration in tg minipigs in the last two samples e (p=0.09) and f (p=0.08). 

Longitudinally a significant difference in the rise of the cortisol concentration was observed 

between the genotypes (ANOVA: p=0.03). At V2 a significant difference (p<0.05) was detected 

in the last sample f, with a higher cortisol measured in the wt animals but no difference between 

the genotypes across the whole assessment (ANOVA: p>0.05). Figure 2C compares cortisol 

levels between V1 and V2 assessments. Next to the significant time effect reported in V1 and V2, 

there is also a visit effect (ANOVA: p=0.03) with a higher cortisol in all animals (n=32) during 

the V1 assessment. 

 

 

 

 

 

 

 

 

Figure 2: Rise of the cortisol level [µg/dl] during the stress test in the visit 1 (V1) (A) and visit 2 (V2) 

assessment (B). (C) Comparison of the rise of cortisol in V1 and V2 with n=32. Sample a indicates the 

resting cortisol inside the stable, samples b, c and d are collected during the hoof trimming and sample e 

and f after the trimming, back inside the stable. [* indicates p≤0.05, + indicates p=0.05-0.1] 

 

Figure 3 shows the change in the respiratory rate during the hoof trimming procedure (time inside 

the cage) at V1 (Figure 3A) and V2 (Figure 3B) assessments and the comparison between the two 

visits (Figure 3C). There was a time effect in the change of the respiratory rate at both visits (V1: 

p<0.001, V2: p<0.01), apparent as a decrease of the respiratory rate during the hoof trimming 

procedure. A post-hoc analysis using a Wilcoxon-Mann-Whitney Test (difference between every 
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time point) showed a significant decrease from time point 1 to 3 of the respiratory rate in V1 

(p<0.001) and V2 (p<0.01). There was no significant difference between the genotypes within 

every time point (Wilcoxon: p>0.05) as well as longitudinally (ANOVA: p>0.05). Figure 3C 

compares the change of the respiratory rate between V1 and V2 assessments and an ANOVA 

revealed a significant visit effect (ANOVA: p=0.04) with a slightly higher respiratory rate during 

the V2 assessment. 

 

  

 

 

 

 

 

 

Figure 3: Change of the respiratory rate during the hoof trimming. The rate is measured at three different 

time points (1, 2 and 3) during the trimming, with around 10 minutes between every time point. (A) V1 

assessment; (B) V2 assessment; (C) Comparison of the change of the respiratory rate in V1 and V2 with 

n=32. [*** indicates p ≤ 0.001, ** indicates p ≤ 0.01] 

 

Figure 4 shows the increase of body temperature during hoof trimming (time inside the cage). A 

time effect could be detected in the V1 and V2 assessment (Figure 4A: p<0.001 and B: p<0.01). 

A Wilcoxon-Mann-Whitney Tests (tested between every time point 1-3) revealed significant 

increases between t1 and t3 (Figure 4A and B: p<0.01). There were no significant differences 

between the genotypes at each of the three time points (Wilcoxon: p>0.05), however, time point 1 

in V2 exhibited a trend (p=0.06) for a higher temperature in wt animals. In addition, the 

longitudinal analysis shows no difference between tg and wt animals at V1 and V2 (ANOVA: 
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p>0.05). Figure 4C compares the overall change of the temperature between V1 and V2 

assessments. Next to the significant time effect in both visits there was a significant visit effect 

(ANOVA: p<0.001) with a higher temperature observed overall during V1, while post-hoc 

Wilcoxon tests at each visit were not significant. 

 

 

 

 

 

 

 

 

Figure 4: Change of the temperature (t) [°C] rate during the hoof trimming. The temperature is measured 

at three different time points (1, 2 and 3) during the trimming, with around 10 minutes between every time 

point. (A) V1 assessment; (B) V2 assessment; (C) Comparison of the changein temperature in V1 and V2 

with n=32. [** indicates p ≤ 0.01] 

 

Figure 5 shows the minimum, maximum and mean pulse rates of the tg and wt minipigs during 

the whole stress test in the V1 (Figure 5A) and V2 (Figure 5B) assessments. During V1, a 

significant difference was seen in the minimum pulse rate between the two genotypes (Wilcoxon: 

p<0.05) with the wt animals exhibiting a higher minimum pulse. No differences between the 

genotypes could be detected during V2. 
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Figure 5: Minimum, maximum, mean and median pulse during the assessment divided by genotype. (A) 

V1 assessment; (B) V2 assessment. (tg = transgenic, wt = wildtype) [* indicates p ≤ 0.05] 

 

The alteration of the pulse rate in response to the manipulation (= assessment time) is shown at 

V1 (Figure 6A and D) and V2 (Figure 6B and E). In V1 a time effect (p<0.001) was seen during 

the assessment (from the first, “crane up” [cu], to the last, “crane down” [cd], manipulation), 

represented by decreasing pulse rates across the different manipulations. There also was a 

genotype effect across the assessment time (ANOVA: p=0.03) with wt animals having a 

significantly higher pulse in the first (cu) and last (rf3, t3, s4 and cd) manipulations (Wilcoxon: 

p<0.05, p<0.01). This longitudinal genotype effect is highlighted in Figure 6D. The V2 

assessment showed a time affect, too (p<0.001). However, the longitudinal difference between wt 
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and tg animals only showed a trend at V2 (ANOVA, p=0.09) (Figure 6E). The within group 

analysis (Wilcoxon) showed a significantly higher pulse in the wt minipigs during the “t1” and 

“ahr” manipulations (Figure 6B, p<0.05). Figure 6C shows a comparative illustration of V1 and 

V2 with a significant visit effect (p<0.001), i.e. a higher pulse rate at the V1 assessment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Change of the pulse rate as a function of/according to the manipulation during the hoof 

trimming (time inside the cage) while V1 (A and D) and V2 (B and E) assessment. (A and B) Change of 

the pulse rate divided by genotype; (C) Comparison between V1 and V2 pulse during manipulation; (D 

and E) line graphs of the genotypes. [cu=cage up, rf1=respiratory frequency no.1, t1=temperature no.1, 

sb=saliva sample b, lfr=length correction front right, lfl=length correction front left, lhr=length correction 

hind limbs right, lhl=length correction hind limbs left, rf2=respiratory frequency no.2, t2=temperature 

no.2, sc=saliva sample c, afr=angle correction front right, afl=angle correction front left, ahr=angle 

correction hind limbs right, ahl=angle correction hind limbs left, rf3=respiratory frequency no.3, 

t3=temperature no.3, sd=saliva sample d, cd=crane down] [** indicates p ≤ 0.01, * indicates p ≤ 0.05] 
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5.4 Discussion 

This study showed that conducting the stress test assessing salivary cortisol concentrations was 

feasible and well tolerated in tgHD and wt minipigs. The test was applied repeatedly without 

relevant side effects. Cortisol levels were sufficiently reproducible and showed acceptable 

variability. The study provided reference values for cortisol levels at rest and under stress 

exposure in minipigs. 

Cortisol concentration exhibited slight genotype differences within the last saliva sample (f) of 

the V2 assessment only, with wt animals exhibiting a higher cortisol level compared to tgHD 

minipigs. However, the genotype changes observed were marginal and the biological significance 

of this observation is unclear. Interestingly, as mentioned in the introduction, one human study 

suggested that early-HD might be associated with hypocortisolism [19]. However, other studies 

found increased cortisol levels in HD gene carriers [17,18].  

These results suggest variability in the characteristics of cortisol metabolism across species, 

cohorts and studies. Whether in HD patients this could be explained by different severity of 

clinical psychiatric features, which are known to be variable as they are influenced by 

symptomatic therapy [31,32], remains to be elucidated. We recently learned that tgHD minipigs 

at the ages investigated in this study do not yet exhibit measurable motor, cognitive or behavioral 

deficits [21,33]. Therefore, similarly to those domains, manifestation of changes in cortisol 

metabolism of tgHD minipigs may require older animals, i.e., longer observation periods. Thus, a 

longer study may be warranted to re-assess a possible cortisol genotype association.  

Circadian changes in cortisol levels may also induce relevant variability. Salivary same as 

systemic cortisol profiles show a typical diurnal profile with highest concentrations seen in the 

morning shortly after awaking in humans [34], chimpanzees [35], and pigs [36-38]. Also studies 

in R6/2 mice showed a dysregulation of the circadian rhythmicity of corticosterone over a 24h 

period, which supported an abnormal HPA-axis activity [9]. HPA-axis hyperactivity was reported 

in HD patients with higher basal cortisol levels in the morning compared to controls [18.39]. 

Salivary cortisol showed an altered cortisol awakening response about 45-60min post-awakening 

even in pre-manifest HD patients prior to the onset of motor symptoms [13]. Therefore, future 
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studies should explore and control for the impact of circadian changes in cortisol levels of 

minipigs. 

Interestingly, higher cortisol levels were seen across genotypes during the initial V1 assessment 

compared to the follow-up V2 visit. This may suggest a habituation effect, as minipigs may 

remember the HTC and procedure of hoof trimming and therefore exhibit a reduced response to 

the stressor at re-exposure. We previously reported evidence for good cognitive performance of 

minipigs in other tests [21,33], which may support this assumption.  

As expected the resting cortisol levels (sample a) were not significantly different at both visits. 

These samples were collected inside the stables and should not be influenced by the HTC or hoof 

trimming procedure. This observation supports the reliability and reproducibility of the measures 

obtained. 

Importantly, a reliable increase of cortisol was observed around 30-45 min after collecting the 

resting cortisol samples (sample a) inside the stable. We therefore conclude that the hoof 

trimming paradigm as such provided an appropriate stressor to trigger a measurable and 

reproducible cortisol response. As mentioned before, other studies demonstrated similar increase 

around 30 min after stress exposure in different animal models [16,23-25]. Therefore, our results 

are consistent and extend the available observations across species to minipigs.  

The respiratory rate decreased over time, whereas the temperature increased between the first and 

last assessment. The decreased respiratory rate might be associated with the inability to move 

inside the HTC. With regards to the increase in body temperature, other studies demonstrated, 

that this often accompanies psychological stress [40,41]. The comparison of the two visits 

showed a significant visit effect in both, respiratory rate and temperature. Body temperatures 

changed in parallel to cortisol with higher values at the first visit. However, the respiratory rate 

suggested an inverted effect, with a higher rate at V2. The biological significance of this 

observation is uncertain and this needs to be reassessed in future studies.  

The minimum pulse rate of the minipigs showed a significant difference between the two 

genotypes in the V1 assessment. During this time, wt animals had a higher pulse than the tg 

animals. As this effect could not be confirmed in visit 2, the biological relevance is uncertain.  

With regards to effects of stressors on the pulse rate, a time and genotype effect is visible in both 
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visits. Within the V1 and V2 assessments, both groups decreased in their pulse rate. The high 

start pulse might be due to the fact the animals were excited when they entered the cage for the 

first time and were lifted up. Afterwards the pulse rate decreased slowly with the wt animals 

having a significantly higher pulse at the end of the hoof trimming in the V1 and a trend for a 

higher pulse in the V2 assessment.  

In summary, the comparisons of the two visits suggest that stress responses in the minipigs were 

higher during the V1 assessment when they were exposed to the setup and procedure for the first 

time.  

We conclude that the stress test described induced relevant stress in the animals resulting in a 

consecutive and well detectable increase in cortisol concentrations, which can be measured non-

invasively in saliva samples. The stress test is a safe procedure [42] and compliant with animal 

welfare requirements. A better understanding of the HPA-axis may help to develop therapies 

targeted to improve the management of stress responses in HD patients [5]. As there is still no 

cure for HD patients, effective strategies to manage symptoms remain of great interest. With 

cortisol as a reproducible marker for stress and behavioral burden in minipigs, assessment of 

behavioral aspects may be facilitated in future preclinical studies using minipig models of HD.   
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6. General discussion 

The implementation of a complex test battery is proven to be feasible and well tolerated in the 

first transgenic minipig model of HD. After working with this LA model for more than three 

years, first results, advantages and disadvantages can be identified. The study was divided into 

three parts (chapters 3, 4 and 5). The female Libechov minipig is easy to handle and has a meek 

character. The fact that female pigs can be housed in groups has a positive effect on the space 

needed for stables and even costs for food and care are well calculable. Furthermore, they show a 

high similarity to humans, with an adult body weight between 46-128kg, a long life span as well 

as a high genetic homology, similar metabolism and neuroanatomy (32,34,35). To detect possible 

changes in the brain, an atrophy for instance, MRI scans can be performed. Despite having a long 

anesthesia, these are associated with low risks of any side effects.    

 

6.1 The implementation of a behavioral test battery 

Chapter 3 describes the validation of the newly developed test battery. The results show that all 

animals are able to perform every assessment of the invented behavioral test battery without 

exception. For this reason, all tests could be included in the planned three-year test period to 

investigate whether the animals would possibly develop symptoms of HD.   

Alongside HD research, this newly invented behavioral battery can be applied to other LA 

phenotyping studies that focus on finding behavioral differences due to a specific kind of 

(neurodegenerative) disease. It also paves the way for enlarging or improving the test battery with 

minipigs as the work with this LA-model is feasible and easy to execute. Furthermore, there are 

new projects planned that intend to work with a knock-in minipig model of HD. This new model 

could be tested with the existing battery without a long period of feasibility testing.    
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6.2 Results of a three-year study period 

The results of the three-year test battery (chapter 4) show positive outcomes in terms of 

feasibility and consistency (44). All of the 32 minipigs participated during every visit. Although 

there were no differences in the performance between tg and wt minipigs, the results present a 

phenotyping battery that is practicable over years. Beyond that, a learning effect could be 

observed in one of the cognitive tests.  

Every test of the behavioral battery had to be conducted twice a year, which made six visits (v1-

v6) in total. The animals were approximately one year old during the first visit (v1) and 

approximately four years old during the last visit (v6). With regard to the feasibility aspect, it was 

a good design to conduct the tests twice a year and create a low variability. As the animals learnt 

the procedure fast and without interruptions, an assessment battery with tests once a year might 

be feasible for further phenotyping studies. The work involved in conducting every test is 

relatively high. There have to be three persons to conduct the test, handle the animals and the 

setup. For future assessments, it is recommended to automate the test battery as far as possible. 

This will reduce the labor and improve the objectivity of each assessment. An automated device 

to improve the color discrimination test is being planned and will be tested soon. This new setup 

will also offer the programing of further discrimination tasks. A new tongue device is also being 

built. One tongue board will be equipped with a sensor inside one hole that will measure the 

strength of the tongue. This quantitative measure also exists in the q-motor battery for human 

patients. 

Developing and improving the test battery is an ongoing process, which provides a continuous 

enhancement of the best ideas and latest state of research. 

 

6.3 Cortisol as a metabolic marker 

All motoric, cognitive and behavioral tests showed a good feasibility for the test duration of three 

years. To investigate a metabolic outcome alongside the behavioral tasks, the cortisol stress test 

was developed and started around two years after starting the behavioral test battery (chapter 5). 
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This test showed a good feasibility and completes the battery with an important quantitative wet 

biomarker (cortisol). The aim of this test was to investigate whether the cortisol level and 

increase after a stressor (hoof trimming in a new hoof trimming cage - HTC) changes between 

the two genotypes (tg and wt) and between the V1 and V2. The comparison of the visits should 

examine whether the increase of cortisol after a stressor changes (decreases) if the 

stressor/procedure is known and not new for the animals. Although a highly significant difference 

between the tg and wt animals could not be found or later confirmed in the V2 assessment, some 

interesting results became apparent. There was a significant increase in the cortisol level around 

30 minutes after stressing the pigs with the hoof trimming inside the HTC on both visits. This 

increase could be observed in previous studies, too (45-48). The comparison of the two visits 

showed that the cortisol level (except sample a) and the increase were significantly higher on the 

first visit. This makes sense due to the fact that the animals experienced the HTC, including the 

whole procedure of the hoof trimming, for the first time in V1. As shown in “novel object” 

studies, a novel object like the HTC is connected with higher stress (49). In summary, the body 

temperature and respiratory rate showed a significant time effect, but no genotype differences. 

Another investigation was the change in the pulse rate during the time inside the HTC in 

connection with the manipulations inside. The results showed a significant time effect for the 

manipulations in V1 and V2, with a decreasing pulse during the procedure inside the HTC. The 

comparison of both visits showed a lower pulse during the V2 assessment, which again confirms 

the pattern of the aforementioned outcomes. A lower pulse seems to be connected with less stress 

and fear. 

Furthermore, from an animal welfare point of view, it is interesting and important to explore the 

stress level during the obligatory hoof trimming of the minipigs.  

 

6.4 Overall conclusion 

To sum up the above studies, it has to be concluded that the onset of an HD phenotype in tg 

minipigs has not been achieved so far. Nevertheless, the low variance between the two groups (wt 
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and tg) suggests that, if a phenotype does develop within the next years, it should be detectable 

with this battery by showing increased variance between tg and wt animals. The Institute of 

Animal Physiology and Genetics in the Czech Republic, that generated the Libechov minipig 

model (32) reported an HD phenotype in this model after approximately five years (34). It is a 

legitimate question whether a phenotyping study focusing on a disease that develops symptoms 

in middle-aged humans should start with young animals of only about one year. Why is it not 

better to wait until the animals reach the midlife stage and therefore increase the chance of 

capturing phenotype differences? On the other hand, it is a feasibility study. The assessments 

need to be tested as early as possible to investigate whether the study design makes sense. 

Furthermore, we tried to capture the earliest marker of HD. As it is the first transgenic Libechov 

minipig model, it is unknown how the disease manifests itself in pigs. If there is a possibility of 

capturing a marker before obvious symptoms manifest, it is an advantage for both, animals and 

investigators.  

 

6.5 Advantages and disadvantages of the minipig model  

Nevertheless, there are possible limitations of the minipig model that have to be considered. One 

is the genetic background of the animals that carry only an N-terminal fragment of the 

Huntington gene (32). As this is an observational pilot study, it is not clear whether this fragment 

expresses mHtt and if it will harm the pigs. It is thus highly recommended to measure the 

distribution of mHtt in the tgHD pigs and wt controls. Another point to mention is the space and 

work force required by this LA model. Nonetheless, as mentioned above, there are improvements 

(automated setup) that will solve this aspect. An advantage of female animals is that they can be 

kept in groups and have friendly, cooperative personalities.  

 

6.6 The importance of feasibility studies in general 

Another point to mention is the importance of feasibility studies in general. They play an 

important role in a good study design, in which it is not the primary goal to reach one big result, 
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but feasibility data that can increase the likelihood for success in further studies (50). The study 

described in this thesis is a feasibility or pilot study, too. All tests for the LA assessment battery 

were newly developed and the overall aim was to detect a phenotype with the help of this study 

design. After three years of training and tests, phenotype differences have not been able to be 

detected so far. However, the following questions have been answered: Is the design feasible? Do 

the animals cooperate? What logistical problems might occur? What resources are needed? What 

should be revised for future studies with the same design? It is also important to share and 

publish lessons learned with regard to the invented methods, as it would have been a waste of 

money and animals otherwise. Furthermore, results of this study might be of interest for further 

studies and other study groups working with LA models, for example the planned porcine or 

humanized knock-in models that will be translated rapidly to preclinical studies using the 

methods described in this thesis. Unfortunately, pilot studies are under discussed and 

underreported (51) and rare in research literature (50,52).  
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7. Summary 
 

Verena Schuldenzucker 

“The Libechov minipig as a transgenic animal model for preclinical research in 

Huntington’s disease – Results of a longitudinal study comparing motor, cognitive, 

behavioral and metabolic endpoints” 

Huntington’s disease (HD) is an autosomal, neurodegenerative, progressive disorder. The genetic 

disorder is located on the short arm of chromosome 4 and manifests itself in an increased number 

of CAG repeats (polyglutamine disease). To date, classifications describe a normal CAG repeat 

count up until 35 repeats. Thirty-six and more repeats are classified as (possibly) bearing a 50% 

risk of their offspring inheriting the affected gene. Onset (between 35 and 44 years), progression 

and severity of the disease is correlated with the number of CAG repeats. After suffering from 

increasing symptoms, death occurs 15-20 years after disease onset. Symptoms manifest 

themselves in a reduced brain volume (premanifest), especially evident in the striatum, cognitive 

deficits, motor dysfunctions, psychiatric changes and cachexia.  

There has been done a lot of research carried out in the field of HD, starting with toxin models 

before the HD gene was decoded, followed by several successful animal models. In order to find 

the closest link between preclinical research and human patients, the work with LA models is 

indispensable. For this reason, a long-term observational pilot study in tgHD minipigs (n=14) and 

wildtype controls (n=18) was started more than three years ago. The aim of this study was to 

investigate whether a transgenic pig model of HD will participate in a newly developed test 

battery and if this battery can help to detect a disease phenotype in these animals.  

The implementation of the battery was based on the Unified Huntington’s Disease Rating Scale 

(UHDRS) for human patients and consisted of a motoric (tongue and hurdle test), cognitive 

(discrimination test) and behavioral (dominance test) part. The main parameter measured during 

the tests was the time [s] needed to conduct different sections of the particular test. Furthermore, 

the number of treats collected (tongue test) and the number of attempts to open a wrong box 
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(discrimination test) were recorded. Another setup invented to collect a wet biomarker (cortisol) 

was the stress test. Any increase in the stress hormone after a specific stressor (hoof trimming) 

was recorded. All of the parameters were analyzed and compared between the genotypes using 

RStudio.  

The results of the presented study showed no differences between the genotypes. Nevertheless, 

they confirmed that the study with minipigs is feasible as they participated in the behavioral and 

stress tests without exception. The animals did not need a long period of time to get acclimatized 

to the experimenter or to the setup. Newly developed tests, like the cortisol stress test in this case, 

could be executed fast and easily. This paves the way for more investigations and the 

continuation of the presented test battery. All in all, a well-functioning test battery, which allows 

continuous and reliable work with LA models, was established. Moreover, aside from the 

phenotype investigations, many interesting findings can be reported. Some learning effects 

regarding the cognitive task were discovered and it could be confirmed that minipigs show a 

similar cortisol rise after a stressor as humans do.  

Overall, it is conceivable that all these newly collected data can be adapted to other LA models 

like sheep and monkeys. The fact that there is no phenotype detectable so far might be due to the 

slowly progressing character of HD. If a phenotype manifests during the next years, this would 

vouch for a good comparability to disease progression in humans. All our investigations made 

over the last years are promising, helping to close the gap between preclinical research and 

patient studies.  
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 8. Zusammenfassung 
 

Verena Schuldenzucker 

“Das Libechov Minipig als transgenes Tiermodell für präklinische Forschungsvorhaben an 

der Huntington’schen Krankheit – Ergebnisse einer longitudinalen Studie, die den 

Vergleich von motorischen, kognitiven, verhaltensorientierten und metabolischen 

Endpunkten beinhaltet” 

Die Huntington’sche Krankheit (Huntington disease, HD) ist eine autosomale, 

neurodegenerative, progressive Krankheit. Die genetische Lokalisation von HD befindet sich auf 

dem kurzen Arm von Chromosom 4 und manifestiert sich in einer erhöhten Anzahl an CAG 

Triplett-Wiederholungen (Polyglutaminerkrankung). Bis heute spricht man von einer normalen 

Triplett-Anzahl bis 35 Wiederholungen. Mit einer Anzahl von 36 oder mehr Tripletts wird man 

als (wahrscheinlich) betroffen klassifiziert und hat ein Risiko von 50%, das betroffene Gen an die 

Nachkommen zu vererben. Der Beginn der Krankheit (zwischen 35 und 44 Jahren) sowie das 

Fortschreiten und der Schweregrad der Symptome korrelieren mit der Anzahl der CAG Tripletts. 

Nach stetiger Zunahme des Schweregrades der Symptome, sterben die Patienten ca. 15-20 Jahre 

nach Ausbruch der Krankheit. Die Symptome der HD äußern sich in einem verminderten Gehirn-

Volumen (prämanifest), besonders im Bereich des Striatums, kognitiven Defiziten, motorischen 

Störungen, psychischen Veränderungen und Kachexie. 

Es wurde bereits sehr viel Forschung im Bereich der HD getätigt, angefangen mit Toxin-

Modellen (vor der Entschlüsselung des HD Gens) und gefolgt von vielen erfolgreichen 

Tiermodellen. Um eine geeignete Schnittstelle zwischen präklinischer Forschung und Patienten 

zu bilden, sind Großtiermodelle in der Forschung unumgänglich. Aus diesem Grund wurde vor 

über drei Jahren die Langzeit-Pilotstudie mit transgenen Minipigs der Huntington’schen 

Krankheit (tgHD=14) sowie Wildtyp-Kontrollen (wt=18) gestartet. Das Ziel der Studie war es, zu 

untersuchen, ob Schweine generell dazu fähig sind, an einer neu etablierten Testbatterie über 

mehrere Jahre hinweg zuverlässig teilzunehmen und ob diese Testbatterie dabei helfen kann, 

einen Phänotyp in den transgenen Minipigs zu detektieren. 
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Die Umsetzung der Testbatterie basiert auf der Unified Huntington’s Disease Rating Scale 

(UHDRS) für humane Patienten. Sie besteht aus einem motorischen (Zungen- und Hürden-Test), 

einem kognitiven (Farb-Diskriminierungs-Test) sowie einem verhaltensorientierten (Dominanz-

Test) Teil. Als Hauptparameter wurde die Zeit [s] gemessen, die die Schweine benötigen, um die 

einzelnen Abschnitte der jeweiligen Tests durchzuführen. Des Weiteren wurde die Anzahl der 

gefressenen Cornflakes (Zungen-Test) sowie die Anzahl der Versuche eine falsche Box im 

Diskriminierungs-Test zu öffnen notiert und ausgewertet. Ein weiterer, neu entwickelter Test zur 

Erfassung eines Biomarkers (Cortisol) war der Stress-Test. Hierbei wurde der Anstieg des 

Stresshormons Cortisol nach einem spezifischen Stressor (Klauenpflege) ausgewertet. Alle 

Parameter wurden mit RStudio analysiert und auf Unterschiede zwischen den Genotypen 

untersucht. 

Die hier präsentierte Studie zeigt, dass die Arbeit mit Minipigs praktikabel ist und dass die Tiere 

ohne Ausnahme an allen Tests teilgenommen haben. Die Schweine benötigen keine lange 

Akklimatisierung-Phase und sogar der spontan neu entwickelte Cortisol Stress-Test konnte 

schnell und einfach umgesetzt und durchgeführt werden. Dies öffnet die Tür für weitere 

Untersuchungen sowie die Fortführung der Testbatterie. Ein weiterer erwähnenswerter Punkt ist 

zudem die Etablierung einer funktionierenden Testbatterie für Großtiermodelle, welche eine 

kontinuierliche und zuverlässige Arbeit mit den Tieren zulässt. Neben dem Ziel der 

Phänotypisierung wurden einige weitere interessante Ergebnisse erzielt. Zum einen wurde ein 

Lerneffekt im kognitiven Bereich entdeckt, zum anderen konnte der typische Cortisol-Anstieg 

nach einem Stressor in den Minipigs bestätigt werden.  

Im Großen und Ganzen ist es denkbar, dass all diese neu gewonnenen Erkenntnisse auch auf 

andere Großtiermodelle, wie z.B. Schaf- oder Affenmodelle, angepasst werden können. Dass 

zum heutigen Zeitpunkt noch kein Phänotyp der Huntington’schen Krankheit detektiert werden 

konnte, liegt eventuell an dem langsam fortschreitenden Charakter der Krankheit. Sollte sich die 

Krankheit im Schweinemodell erst im Laufe der nächsten Jahre äußern, spricht dies wiederum für 

eine sehr gute Vergleichbarkeit mit der Krankheit im Menschen. All diese Erfahrungen der 
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letzten Jahre sind erfolgsversprechend, die Lücke zwischen präklinischer Forschung und 

Patientenstudien zu schließen.  
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10. Index of abbreviations 
 

3-NP   3-Nitropropionic 

CAG   Cytosin-Adenin-Guanin 

CBI   Clutton-Brock index  

HD   Huntington’s disease 

HPA   Hypothalamic-Pituitary-Adrenal 

Htt   Huntingtin 

HTC   hoof trimming cage 

mHtt   mutated Huntingtin 

LA   large animals 

MRI   Magnetic Resonance Imaging   

QA   quinolinic acid  

SB   startbox 

TB   Tongue Board 

tg   transgenic 

TMS   Total Motor Score 

UHDRS  Unified Huntington’s disease Rating Scale 

UKM   University Hospital of Muenster 

wt   wildtype 

ZTE   central animal facility 
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