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INTRODUCTION Replicative senescence 

http://www.viewzone.com/telomerase.telomere.gif 
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INTRODUCTION Cell senescence 

• Adaptation: transient or permanent growth 
arrest (senescence) 

Low level 

• Necrosis or apoptosis 

High level 

Hansen et al. 2015 Ageing Res Rev, 
Bree et al. 2002 Biogerontology 



• Intrinsic failures of the replication (somatic mutations) 
• Mutagens: expression of so far dormant genes 

Accumulated mutations 

• Accumulation of disease agents 
• Lack of vital substances 
• Gradual process, unnoticed for years 

Accumulated gene products 

• Timing regulated by other genes 

Genetic modifiers 
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INTRODUCTION Late-onset genetic disorders 

Orchid, lived ~50 
http://www.horsechannel.com/images/horse-news-article-images/orchid-
oldest-horse-1.jpg 

Zhaurova, 2008 Nature Education 



Unless they are eaten before… 
• They are often companions, quite expensive 
• It takes ~ 3-5 years until they mature 
• Training can take 10 years or more 
• Valuable stallions 
• From molecular point of view 

– High rate of DNA repair 
– Low rate of free radical production 
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INTRODUCTION Why horses get so old? 

Pamplonaet al. 1998, MacRae et al. 2015  



• > 20 years old 
• Decline in: 

- Dental health 
- Body condition 
- Muscle tone 
- General well-being 

• Increased susceptibility to infectious diseases 
• Decreased responsiveness to vaccination 
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INTRODUCTION Geriatric horses 

Shayne, lived 51 
http://i.dailymail.co.uk/i/pix/2013/03/06/article-2288910-
1878B1B7000005DC-258_634x824.jpg 



Horse ageing involves changes in the immune 
system 
• Genetics 
• Nutrition 
• Environment 
• Organ-specific 
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INTRODUCTION Geriatric horses 

Twiglet, 46 
http://i.dailymail.co.uk/i/pix/2012/09/26/article-0-
1536F678000005DC-704_634x445.jpg 



• Thymus involution – decreased naïve T cells production 
• Clonal exhaustion (activation by Ag) 
• Aging of resting T cells 

Immuno-senescence 

• Increased pro-inflammatory (Th1) cytokine production 
• (IL6, TNFA, acute phase proteins) 

• Disability and mortality in chronic diseases (chronic MØ 
activation) 

• Adipose tissue contribution 

Inflamm-ageing 
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INTRODUCTION Age-related phenomena 

Hansen et al. 2015 Ageing Res Rev 
Horohov et al. 2010 J Comp Path 



• Melanomas in grey horses 

Monogenic, “solved” 

• Cushing’s disease 
• Horse asthma 

Complex, unsolved 
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INTRODUCTION Age-related diseases 

mature horses 



• Autosomal dominant 
• More common in some breeds, e.g. Lipizzans 
• Appears gradually 
• >70% of >15 years old develop melanomas 

 
• Not UV-induced 

– dark skin 
– regions well protected 

from UV 
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MELANOMAS Grey horses 

http://www.lipica.org/it/# 
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MELANOMAS Grey horses 

Melanocyte-specific mutation 

• 4.6-kb duplication in STX17 intron 6 
• cis-acting regulatory mutation affecting STX17 

(intracellular traffic) and NR4A3 (cell cycle, cancer) 
• Reg3 - binding sites: 

• 1 for NR4A3 
• 2 for MITF 

• MITF – melanocyte-specific TF 
• melanocyte development 
• pigment cell-specific transcription of the melanogenesis 

enzyme genes 

Sundstrom et al. 2012, Pigment Cell Melanoma Res 
Rosengren Pielberg et al. 2008, Nat Gen 



 Busse & Lemanske, 2001 

• Asthma-like disease 
• Antigens  present in hay 
• Genetic predispositions 
• Genetic heterogeneity 
• Parasitic resistance association (not in Fam2) 
• Mixed Th1/Th2 immune response 
 
 
 

Warmblood named Lustig, RAO-affected 
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HORSE ASTHMA 

Bründler et al., 2011   

 
 

 
 

 

Horse asthma, RAO 

- Family 1 chr 13: 7 – 29 Mb (IL4R) 
- Family 2 chr 15: 38 – 69 Mb 

- LPS content 
- LPS contribution to asthma (RAO) 
- LPS contribution to sepsis (colic) 

https://www.youtube.com/watch?v=wP11V05JDn4
https://www.youtube.com/watch?v=wP11V05JDn4
https://www.youtube.com/watch?v=wP11V05JDn4


Lanz et al., 2013 

hay dust extract (HDE) 

Fam1-CTL Fam1-RAO Fam2-RAO Fam2-CTL 

recombinant cyathostomin antigen (RCA) 

Fam1-CTL Fam1-RAO Fam2-RAO Fam2-CTL 

CTL – control; RAO – RAO-affected; Fam - family 
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INTRODUCTION Quantitative RT-PCR 

In vitro stimulated peripheral blood mononuclear cells (PBMCs) 



Mock – no stimulating factor 
LPS – lipopolysaccharides 
HDE – hay dust extract (RAO-related antigen) 
RCA – recombinant cyathostomin (common parasite in horses) antigen 

PBMCs 

Mock LPS HDE RCA 
24h 

8 x 106 
cells 

Family 1 
Family 2 
Unrelated 

7 CTL     9 RAO    9 CTL   8 RAO     29 CTL      23 RAO 
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HORSE ASTHMA In vitro study with PBMCs 



Pacholewska et al. (2015) PLOS One 
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HORSE ASTHMA DE analysis in PBMCs 

 upregulated 
 downregulated 



Pacholewska et al. 2015 PLOS One 

Castro et al., 2005 



* - p value < 0.05 

Pacholewska et al., 2015, PLOS One 
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HORSE ASTHMA 

* 

* 

* 

* 
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* * 
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RAO-relevant genes 
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PPID 

http://www.mayowvets.co.uk/info/images/24_266710.jpg 

• Hypertrichosis (long curly coat) 
• Muscle loss, poor performance 
• Abnormal fat distribution 
• Laminitis 
• Increased sweating, drinking 
• Susceptibility to infections 

Pituitary Pars Intermedia Dysfunction 

PPID (Cushing’s disease) 



• Hormone-secreting tumour of the pituitary gland 
• In human and dog: the anterior part (pars distalis): 
• In horses: intermediate part (pars intermedia) 

– regulates many body functions 
– PI function regulated by dopamine-secreting neuronal 

cells 
– POMC-derivatives other than ACTH seem to play a role 
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PPID PPID (Cushing’s disease) 

Lonser et al. 2016 J Neuroserg 
Breuhaus 2011 

McFarlane 2007 Ageing Res Rev.  

CRH – corticotropin-releasing hormone 
ACTH – adrenocorticotropic hormone, a pro-opiomelanocortin (POMC) derivative 
Cortisol – glicocorticoid involved in response to short periods of stress 



~ 20% horses >15 years 

PPID horses frequently insulin resistant  

Neurodegenerative disease: a loss of inhibitory 
dopaminergic input to PI - oxidative stress? 

Genetics: more copies of α-synuclein gene in human 
increases risk for Parkinson’s Disease 
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PPID PPID in horses 

McGowan, 2013 EVJ 
McFarlane 2007 Ageing Res Rev. 



www.facebook.com/VwHPCPD 

Jenny Croft from Loch Leven Equine 





Laura, ältestes Pferd Deutschlands 

http://www.zdf.de/ZDFmediathek/beitrag/video/1953122/Das-aelteste-Pferd-Deutschlands%23/beitrag/video/1953122/Das-aelteste-Pferd-Deutschlands


Some genetic disorders manifest late 

Genetic predisposition ≠ genetic disorder 

Causative mutations are not always within protein-coding genes 

Well maintained horses may not develop the disease predicted 

De novo mutations not yet associated with a disease 

Animals with causative/associated mutations should be excluded/restricted 
from breeding as soon as possible 
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TAKE HOME MSG Conclusions 



Thank you  
for your attention 
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