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The impact of exercises on young developing organisms is still of interest to researchers. Similarly like
Thoroughbreds, Arabian horses competing at the race track. The high percent of lameness and loss of days in
training are often the result of weakness in the condition of the musculoskeletal system. The objective of the
presented study was to identify by RNA-Seq method, the possible skeletal system originating transcriptomic
profile in peripheral blood of Arabian horses undergoing race training. Obtained results showed that one of the

most significantly deregulated pathway involved in bone homeostasis was those involved in osteoclast differ-
entiation. Among the significantly expressed molecules, we recognized twelve genes potentially involved in the
metabolism of the skeletal system: BGLAP, CTSK, TYROBP, PDLIM7, SLC9B2, TWSG1, NOTCH2, IL6ST, VAV3,
NFATc1, CLEC5A, TXLNG. The panel of identified genes should be evaluated as candidate biomarkers for bone
homeostasis indicators of Arabians performing on race tracks to assess bone remodelling states during training

for race track competitions.

1. Introduction

It is well established that Arabians and half-Arabians are mainly
endurance horses (Cappelli et al., 2007). However, endurance training
requires maturity, which is reached at least by 4 years old. Before that,
2.5-year old horses are introduced to race track training and compete in
at least one racing season before they begin further endurance-type
workouts. The Arabian racing industry is a well-established high-in-
come business. In general, the 3year old individuals run a minimum
distance of 1400 m whereas the most prestigious Derby Stakes for
4 year old horses is performed at 3000 m. The impact of exercises on
young developing organisms is still of interest to researchers. The high
percent of lameness and loss of days in training are often the result of
weakness in the condition of the musculoskeletal system manifested by
the presence of pathological changes that do not show clinical symp-
toms and may have impacts on future performances in endurance
(Turto et al., 2014). Horse blood consists of components that play a key
role in supporting the increased metabolic rate during exercise. Blood
interacts with each organ and tissue in the body by transporting
oxygen, water, electrolytes, nutrients, and hormones. Furthermore, by
circulation, products from metabolic processes are removed from cells
(Marlin and Nankervis, 2002). According to its functions, blood plays a
key role in immunity, inflammation and maintenance of homeostasis
and is involved in the pathogenesis of many diseases (Mohr and Liew,
2007). The transcriptomic profile of blood can be a powerful tool to
explore disease pathogenesis and physiological homeostasis including
rheumatoid arthritis (Oswald et al., 2015), cancer (Dumeaux et al.,
2015), and diabetes (Collares et al., 2013). In addition to human re-
search, profiling of the blood transcriptome has been adapted for var-
ious animal species due to many functional topics such as reproduction
(Kizaki et al., 2013), resistance to infection (Huang et al., 2011), in-
flammatory response (Burgess et al., 2012) and heat stress (Lewis et al.,
2010). Based on the capacity of peripheral blood to reflect changes in
the body, we hypothesize that training regime - induced changes may
be reflected by the specific transcriptomic profile in blood of trained
horses.

Understanding the molecular pathways involved in the ability of the
skeletal system to convert environmental signals into biochemical sig-
nals (mechanotransduction) should lead to a better understanding of
the process of bone remodelling. Furthermore, horse is a valuable an-
imal model in terms of skeletal response to optimized exercise regimens
during race training. Thus, the objective of the presented study was to
identify the possible skeletal system originating transcriptomic profile
in peripheral blood of Arabian race horses after a heavy canter work-
load before beginning race track performances.
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2. Materials and methods
2.1. Animals, samples and study design

The protocol was approved by the Animal Care and Use Committee
of the Institute of Pharmacology, Polish Academy of Sciences in Cracow
(no. 1173/2015).

All pure breed Arabian horses included in the study belong to lines
that have documented origins since at least 1810 and since then, have
been maintained without crossing with French lines, and all the horses
are registered in the PASB (Polish Arabian Stood Book). To ensure the
quality of the samples, all animals were bred by one breeder and re-
cruited with the owner's agreement. They were raised in the same farm
and fed in comparable ways including feeding with high quality hay
and oats. From a total of 10 horses, 6 (GI) were sampled in September
when they were 2.5 years old before the introduction to the race track;
thereafter, they were treated as controls. Four (GII) horses were sam-
pled after a 24-week period, included 12 weeks of light work under the
saddle with gradual increased intensity, followed by 12 weeks of con-
ditioning exercises prior to the start of race training containing se-
quences of heavy canters (Ropka-Molik et al., 2017a).

The blood samples (n = 10) were collected by jugular venipuncture
into a Tempus™ Blood RNA Tube (Ambion, Life Technologies) and
stored at —20 °C until further analysis.

2.2. RNA-Seq performance: RNA isolation and libraries preparation

The RNA was isolated by using the MagMAX™-96 Total RNA
Isolation Kit (Ambion, Life Technologies) according to the attached
protocol. The quality and quantity of obtained RNA were evaluated on a
TapeStation 2200 (Agilent Technologies) by using RNA Screen-Tape
and RNA Screen-Tape Ladder and by using a NanoDrop 2000 spectro-
photometer (Thermo Scientific). Additionally, RNA was visualized by
2% agarose gel electrophoresis to determine its degradation degree. A
400 ng sample of total RNA was used to construct cDNA libraries with
the use of the TruSeq RNA Kit v2 (Illumina) according to the manu-
facturer's instructions. The quality and quantity of obtained libraries
were evaluated by a Qubit 2.0 (Invitrogen, Life Technologies) and a
TapeStation 2200 (Agilent D1000 ScreenTape; Agilent). The libraries
were sequenced on the HiScanSQ platform (Illumina) using the TruSeq
SR Cluster Kit v3-CBOT-HS and TruSeq SBS Kit v 3 - HS chemistry
(Illumina), which was performed in 75 single-end cycles.

2.3. Bioinformatics analysis

The bioinformatic analysis was initiated from the quality control
(QC) of the obtained NGS sequences using FastQC software. Next,
adapter-removal and filtering to retain reads longer than 36 bp and
reads with a quality score higher than 20 were performed using Flexbar
(Dodt et al., 2012). The quantification of genes and transcripts was
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