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Abstract: An N-terminal truncated Androgen Receptor transcript variant 2 (AR2), lacking transcription
activation domain has recently been identified m human and old world monkeys. The present study was
designed to investigate whether corresponding AR2 variant mRINA 1s expressed in camine tissues. Alignment
of human and canine genome AR sequences revealed 81% 1dentity of the AR2 variant specific exon 1B in the
canine genome sequence. A conserved 20 bp primer was designed for PCR amplification of canine AR2.
By using Reverse Transcription-PCR analysis of RNA from multiple beagle dog tissues, researchers
demonstrated the AR2 expression in dogs. Canine AR2 variantm RNA expression was observed in liver, kidney,
heart and skeleton muscle suggesting a greater importance to investigate the role of AR2 in the physiclogical

and pathological processes.
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INTRODUCTION

Androgen Receptor (AR) 1s a ligand dependent
protein that belongs to the nuclear receptor super family.
AR is encoded by a single gene over 90 kb long located
on chromosome X at position gl 2 in humans. Tt is divided
over eight exons and has a promoter region of at least
1400 bp long. At least 4 protein coding transcript variants
produced by alternative splicing have been found in
human (Flicek ef al., 2013). The most widely distributed
Androgen Receptor transcript variant 1 (AR1) encodes a
98.7 kD protein. As i other steroid hormone receptors,
AR1 18 composed of ahypervarmable Transcription
Activation Domain (TAD) in the N-terminal end, a
DNA-Bmding Domain (DBD) which contains two highly
conservedzine fingers that interacts with a specific DNA
site upstream of the target gene and modulates the rate of
transcriptional initiation, a large Ligand-Binding Domain
(LBD) in the C-terminal end and a short hinge region
linking DBD and LBD. The sequence encoding TAD is
present in the largest exon 1 (Kuiper et al., 1989) which
contains trinucleotide repeat sequence, CAG. A linear
decrease of transactivation function is related to
progressive  expansion of the CAG  repeats
(Chamberlamn et al., 1994). AR 1s essential for both

male and female reproduction development and function
(Walters et al, 2010). Androgens bind to LBD and

therefore regulate AR function through imtiating
sequential ~ conformational changes  that affect
receptor-DNA  interactions. However, recent study

showed the non-genomic effects of androgens through
AR functioning in the cytoplasm to induce the MAPK
signal cascade (Heinlein and Chang, 2002; Fix et al., 2004).

Human and rogen receptor transcript variant 2
(ARZ also known as AR45) encodes a special N-terminal
truncated 45 kD protein (Ahrens-Fath ef al., 2005). Both
human AR and ARZ are encoded by 8 exons within the
human androgen receptor gene. The sequences of mRNA
exon 2 through 8 are identical between the two transeript
variants. However, m place of exon 1, AR2 possesses a
unique exon 1B, located between normal exon 1 and 2
which encoded an N-terminal 7 amino acid residue. This
difference possibly attributed to transcriptional control by
a novel promoter upstream of exon 1B or an alternative

splicing event. [In vitro study showed the
dominant-negative  inhibiting effects of AR2 on
ARl function through formation of ARI1-ARZ2

heterodimers and over expression of AR2 caused
repression of androgen-dependent cells proliferation
(Ahrens-Fath et af, 2005). In another in vitro study, a
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negative correlation between ARZ2 transcript level and
RNA Binding Motif gene on the Y chromosome (RBMY)
expression was demonstrated indicating the oncogenic
mechamsm of RBMY might be linked to its regulatory
roleon ARI trans-activation activity by the inhibitory
isoform AR2 (Tsuei et al., 2011). On the other hand when
the transcriptional co-activator TIF2 or the oncogene
B-catenin overexpressed, AR2 by itself showed activation
of androgen-dependent promoters in presence of
Dihydrotestosterone (DHT) (Ahrens-Fath et al, 2005).
Inaddition, co-transfection of AR2 and the Human
Ether-a-go-go-Related Gene (HERG) in HEK 293 cells or
CIHO cells demonstrated that the stimulation of AR2 could
stabilize HERG potassium channel protein via activation
of Extracellular signal Regulated Kinase (ERK)1/2
(Wuet al., 2008).

Expression analysis studies concluded that human
and Non-Human Primate (NHP) AR2 was predominately
expressed m heart and the mRNA AR2/AR] ratio in heart
was highest mdicating the modulating effects of AR2
might be essential in heart (Ahrens-Fath et al, 2005,
Weiss et al, 2007). Gender difference in the incidence
of Cardiovascular Diseases (CVD) has drawn a lot of
attention through these years. And the role of androgen
receptor in several CVDs has been documented by many
studies. Activation of AR by DHT can be associated with
mcreased human monocyte adhesion to endothelial
cells a proatherogenic effect (McCrohon et al, 1999,
Death et al, 2004), elevated blood pressure
(Morano et al., 1990; Reckelhoff et al, 2000) and
promoted myocardial hypertrophy (Morano et af., 1990;
Marsh et al., 1998; Muller ef a., 2000). Therefore, 1t might
be necessary to figure out the function of AR2 in the
cardiovascular system.

In a genome sequence analysis study, AR2 was
predicted to be expressed in dogs (Weiss ef al., 2007).
Beagle dog has been considered as the most suitable
large animal model for cardiovascular safety evaluation
including cardio toxicity and safety pharmacology studies
(Herman and Ferrans, 1998; Gralinski, 2003). It might be a
decent animal model for functional study of AR2. But the
existence of this particular transcript variant has not
been demonstrated mn camne tissues yet. In this study,
researchers described comparison of human and canine
genome AR sequence, primer design to amplify canine
AR2 sequence and demonstrated the expression of AR2
i multiple tissues by RT-PCR analysis.

MATERIALS AND METHODS

Comparison between human and canine genome AR
sequence: Sequencesof Homo sapiens androgen receptor

gene (Chromosome 3 66, 764, 465-66, 950, 461), Canis
fupus familiaris androgen receptor gene (Chromosome X
51, 969, 785-52, 151, 852), Homo sapiens androgen
receptor transcript variant | mRNA (NM_000044.3), Homo
sapiens androgen receptor transcript variant 2 mRNA
(NM_001011645.2) and Canis hipus familiaris androgen
receptor mRNA (NM_001003053.1) were obtamned from
Genbank (Benson et al., 2013) and Ensembl (Flicek et o,
2013). Sequences were then aligned through the
nucleotide blast web interface of Genbank (Benson et o,
2013).

Design of canine AR2 primers: In order to confirm the
existence of the predicted canine AR2 mRNA which 1s
transcripted from exon 1B and exon 2-8 of AR, PCR primer
design was based on the homologous locus of human AR
exon 1B in canine genome sequence. The AR2 forward
primer was directly agamst the specific locus which
encodes the 7 unique amino acids distinguished from AR1
while and the AR2 reverse primer recognized exon 4.

Animals and tissues: Healthy adult male beagle dogs
were sacrificed by phenobarbital overdose. Liver, kidney,
skeleton muscle, testis and apex cordis tissue samples
were collected and snap-frozen in liquid nitrogen and
stored m -80°C until use.

RT-PCR and sequencing analysis of ARZ mRNA
expression in multiple beagle dog tissues: Total RNA
was extracted with RNeasy® Plus Mini kit or ENeasy®
Lipid Tissue Mimi kit (QIAGEN) following the
manufacturer’s instructions. Total RNA was analyzed by
Nano Drop® ND-1000 Spectrophotometer for quantity and
Agilent 2100 Bio analyzer for purity and quality. Reverse
Transcription-Polymerase Chain  Reaction (RT-PCR)
was performed with GeneAmp® RNA PCR Core kit on
GeneAmp® PCR System 9700. Additional reaction time
was used to obtain full length cDNA. Reaction conditions
were: 60 min at 42°C, 5 min at 99°C. Same quantity (1 pg)
of total RNA was added to the PCR System to ensure
relative expression across different tissues. Specific PCR
was then performed with primers described m Table 1
(Integrated DNA Technologies, Inc.).

Table 1: Primers used for expression analysis of transcript variants of androgen

receptor
Product

Primers name Sequence size
AR Forward 5-AAG CGG CAG CTTATC AAA GTC GAG-Y 424
AR Reverse 5-CTA GGA CTT GGA AAG GGC ACT CTG-3'

AR2 Forward 5-ATG ATA CTCTGG CTT CAC AG-3' 519
AR2 Reverse 5-AAG GCT AGA GAG CAA GGCTGC AAA

GGA GTC-3'
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Reaction conditions were: 105 sec at 95°C; 35 cycles
of 15sec at 95°C, 30sec at 60°C; 7 min at 72°C. The PCR.
products were analyzed by using pre-cast E-Gel® EX 2%
Agarose (Invitrogen) Gel System. After electrophoresis,
the bands were cut and DNA was extracted by using QIA
guick® Gel Extraction kit (QIAGEN) and used for
sequencing. The sequence identity of the amplified DNA
was confirmed by BLAST analysis.

RESULTS AND DISCUSSION

Genome sequence of exon 1B is homologous in human
and canine: Androgen receptor 1s enceded by a single
gene located on chromosome X in both human and canine
genome. The most commonly expressed mRNA, AR 1s
composed of 8 exons in both species with similar
transcription pattemns. Comparison of 182 bp exon 1B
sequence of human AR2 from Genbank database
(NM_001011645.2) with camine AR genome sequence
identified putative AR2 specific coding region between
exons 1 and 2 of canine 4R gene (NW _003726126.1).
Alignment analysis revealed 81% identity between two
species and a sequence stretch of 20 bp open reading
frame showed complete identity (Fig. 1a). With first base
pair of exon 2 taken into consideration, the unique 7 amino
acid residue in canine AR2 was predicted to be the same
with human AR2 (MILWLHS). The predicted canine AR
exon 1B located about 20.8 kb downstream of exon 1,
80.4 kb upstream of exon 2. Despite the position difference
between human and predicted camne exon 1B, the
existence of camine AR2 was considered to be possible
(Fig. 1b).

@

Confirmation of AR2 existence in beagle dog hearts:
When human AR2 was first identified with mRNA
expression analysis, it was found mainly expressed in
heart (Ahrens-Fath ef al., 2005). RT-PCR was carried out
with total RNA from apex cordis (heart) of three adult male
beagle dogs. Primers pair corresponding to the known
AR] transcript (Table 1) (Lu et «f., 2001) amplified a
~400 bp product and sequence confirmed as ARI
mRNA (Fig. 2a). PCR with the primers designed for AR2
(Table 1) amplified a ~500 bp DNA fragment (Fig. 2b).
DNA sequence of this 500 bp fragment was compared
with canine genome sequence and (AR2 forward primer
excluded) showed 99% 1dentity to canine AR sequence as
shown m Fig. 2¢. Thus, the presence of AR2 transcript
variant i1 beagle dog heart tissue was confirmed.

Tissue-specific expression of AR2 in beagle dogs:
RT-PCR analysis was performed in multiple beagle dog
tissues to determine the expression pattern of two AR
transcript variants. Samples from three individual beagle
dogs were collected for each tissue and AR and ARZ
specific primers were used (Table 1). The results indicated
canine AR2 had relatively higher transcription level in
liver and kidney followed by testis and heart. The weakest
signal was observed in skeleton muscle. Interestingly,
similar amount of ARZ transcript level was detected in
testis and heart while the primary AR transcript showed
significantly higher expression level i testis than in heart.
In addition, AR2 presented much lower transcription level
1n all tissues than AR in general (Fig. 3).

The N-terminal truncated alternative transeript
variant AR2 lacks the entire normal N-terminal domain
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Fig. 1: Comparison of the sequence and location of genomic regions containing AR2 specific exon 1B between human

and canine; a) Sequence alignment analysis of genomic regions exon 1B between species. Conserved sequences

are in black boxes. The open reading frames are shown in bold letters; b) Location comparison of genomic regions

exon 1B between species. Exons are shown in black boxes with numbers above or under; mtrons are shown in

grey boxes with sizes in kb



J. Anim. Vet. Adv., 13 (3): 165-170, 2014

(a)

(©
1

(b)

ATGATACTCTGGCTTCACAGT TTGGAGACTGCCAGGGACCATGTTCTACCCATTGACTAT

61

TACTTTCCACCTCAGAAGACCTGTCTGATCTGCGGTGATGAAGCTTCTGGCTGTCACTAT

121

GGAGCTCTCACTTGTGGAAGCTGCAAAGTCTTCTTTAAAAGAGCCGCTGAAGGGAAACAG

181

AAGTACCTGTGTGCCAGCAGARATGATTGTACCATCGATAAATTCCGAAGGAARAATTGT

241

301
361

AAGAAACTGGGGAATCTGAAACTGCAAGAGGAAGGAGAGGCTTCCAATGTCACCAGCCCC
ACTGAGGAGCCAACCCAGAAGCTGACGGTGTCACACATTGAAGGCTATGAGTGTCAGCCC

421
481

ATCTTTCTGAATGTCCT : GAAGCCATCGAGCCAGGCGTGGTGTGTGCTGGACATRACAAC
NACCAGCCCGACTCCTTTGCAGCCTTGCTCTCTAGCCTT

Fig. 2: RT-PCR analysis of the expression of AR2 transcript variant in beagle dog heart tissues; a) Agarose gel analysis
of ARIRT-PCR products from 3 different RNA samples; b) Agarose gel analysis of AR2 RT-PCR products from
3 different RNA samples; ¢) DNA sequenceof AR2 RT-PCR product. Bold: exon 1B; underhned: exon 2; curvy
underlined: exon 3; double underlined: partial exon 4
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Fig. 3: Expression analysis of both androgen receptor
transcript variant mRNA in multiple beagle dog
tissues. Total RNA from the indicated organs was
used as template for PCR amplification. Same
amount of total RNA was added to the PCR
System (1 ug) to ensure the comparability among
different tissues; a) AR and b) AR2

AR2

(also known as Transcription Activation Domain, TAD)
encoded by AR genome exon 1. There are totally three
Transactivation Units (TAUs) in AR1 with Activation
Function 1 (AF1), Activation Function 5 (AF5) in the
N-terminal domain and Activation Function 2 (AF2) in
LBD. Two AF functions are ligand dependent (AF1 and
AF2) whereas AF5 operates in a ligand independent way
(Brinkmann, 2001). Thus, AF1 and AF5 are absent in ARZ.
Analysis of AR deletion mutants revealed almost the
entire N-terminal domain to be essential for the receptor
function (Palvimo et al., 1993). AF1 was required for full
ligand activated transcriptional activity while AFS5 was
sufficient for full comstitutive transcriptional activity
(TJenster et al, 1995). Though the biological activity of
androgens is thought to occur predominantly through AR
that functions as a ligand-activated transcription factor,
non-genomic effects of androgens may occur i the
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cytoplasm to induce the MAPK signal cascade
{(Heinlein and Chang, 2002). Researchers can therefore
infer that put aside the dominant-negative inhibiting
effects of AR2 on ARI, activation of AR2 by androgens
may cause biological changes by non-genomic
mechamsms. Studies have demonstrated the ability of
ARZ2 to alter certain protein degradation profile via
activation of ERK1/2 (Wu et al, 2008) which was
consistent with the signaling pathway of AR1 non-
genomic effects. However, AR2 did stmulate androgen-
dependent promoters in the presence of cofactor TIFZ or
oncoprotein P-catenin (Ahrens-Fath et al., 2005). There
are still huge gaps m the understanding of AR2
interactions with other proteins mn the signaling pathways
and transcription processes.

In this study by using sequence analysis of human
and canine genomes and RT-PCR analysis of beagle dog
heart RNA, researchers demeonstrated conservation of
AR2 specific region between exon 1 and 2 of canine
AR gene and confirmed the expression of AR2 in canine
heart tissue. Presence of AR2 had been predicted based
on sequence analysis in multiple species ncluding
chimpanzee, orangutan, macacque, marmoset, elephant, pig
and dog (Weiss et al., 2007). Absence of AR2 sequence
was inferred in rat and mouse due to a stop codon
downstream of the potential start codon of exon 1B
(Weiss et al., 2007). Conservation among many different
species indicates AR2 might have significant biological
functions in mammals. Since, the most commonly used
rodent amimal models may not be suitable, beagle dogs as
well as anthropogenic cell lines could be employed in the
functional study of AR2.

The results show that the expression pattern of AR2
1n camne tissues appears to be distinet from human. Heart



J. Anim. Vet. Adv., 13 (3): 165-170, 2014

and skeleton muscle tissues of human were shown to
have ligher AR2 expression (Ahrens-Fath et al., 2005).
Researchers observe relatively higher transcript levels of
AR2 mn camine liver and kidney tissues. In addition, the
relative mRNA levels of AR2 was significantly lower than
AR m all tissue types, suggestingthe biological function
of AR2 mn canine might bedifferent fromhuman. Clinical
observations and experimental studies have confirmed the
umpact of androgens m liver and kidney. The structure of
renal tubules and various aspects of renal functions
have shown gender differences (Sabolic et al, 2007).
Females show better clinical outcome in the treatment of
chronic renal diseases (Kummer et al., 2012). Activation
of AR appeared to induce podocyte apoptosis that
precedes glomerul osclerosis (Doublier et al, 2011).
Cell-selective knockout of AR m albumin-positive
hepatocytes led to the development of insulin resistance
and hepatic steatosis (Lin et af., 2008). Several studies
suggested that the protective effect of AR against renal
cell carcinoma. Nuclear AR was found to be the marker of
responsiveness to medroxy-progesterone acetate in
human renal cell carcinoma (Concolino et al., 1981) while
an immuno histochemical analysis of over a hundred
tumors demonstrated the significant association of AR
expression with stage well moderately
differentiated
(Langner et al., 2004). Similarly in Upper Urinary Tract
Urothehal Carcinoma (UUTUC) there was a positive
correlation for higher AR expression found in superficial
or low-grade UUTUCs (Shyr et al., 2013). On the contrary,
a systematical literature review implied the contributive
role of androgens in Hepatocellular Carcinoma (HCC).
They found over expression of AR in liver tumors and

low or

tumors and a faverable outcome

strong association between AR levels and intra hepatic
recurrence of tumors (Kalra ef al., 2008). Given the relative
high expression level of AR2 in beagle dog kidney and
liver and the extensive influence of AR on normal and
tumor tissues n these two organs, it 1s of mnportant to
investigate the role of AR2 incanine kidney and liver
functions.

CONCLUSION

Researchers identified canine exon 1B in canine
genome AR sequence and confirmed the expression of
AR2 by RT-PCR analysis of RNA from multiple beagle
dog tissues. Expression pattern of AR2 in canine tissues
appears to be distinct compared to the AR2 expression
pattern reported for human. Further, investigation might
be necessary for interpret the pathological role of AR2.
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