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Summary 

The growth of the prostate gland is androgen-dependent. 

Testosterone is converted to the most potent dihydrotestosterone 

(DHT) by 5α-reductase within the prostate. Androgen interacts 

with androgen receptors (AR) to regulate normal growth of the 

prostate and has also been implicated in both the progression of 

benign prostate hyperplasia and prostate cancer. This study was 

conducted to compare the mRNA expression of AR and 5α-

reductase by the prostate gland from three age categories: 

immature, young-mature and old dogs. Quantitative gene 

expression was assessed by the real-time PCR and the results 

were expressed as a relative mRNA expression of the target 

gene. This study revealed that there was no significant difference 

in the mRNA expression of the AR gene by the prostate gland of 

immature, young and old dogs. In contrast, there is a highly 

significant (P<0.001) down-regulation in 5α-reductase gene by 

the prostate of young and old dogs as compared with immature 

dogs. However, there is no significant difference in mRNA 

expression of the 5α-reductase gene by the prostate gland from 

young and old dogs. This differential expression of AR and 5α-

reductase genes, which are involved in the regulation of 

androgen effect on prostate gland, might reflect an age-

dependent growth requirement of the gland for androgens.  
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 Continuous supply of androgen is a prerequisite 
for driving the prostate gland growth and for maintaining 
its steady-state size. Androgen has also been implicated 
in the progression of prostatic diseases, such as benign 
prostate hyperplasia (BPH) and prostate cancer. Although 
testosterone is the prevalent circulating androgen, 
dihydrotestosterone (DHT) is the most active androgen 
involved in the regulation of the prostate gland. The 
conversion of testosterone to its active metabolite is 
achieved through the activity of 5α-reductase, which 
occurs in two isozymes, type I and type II. While the type 
II predominantly is expressed by prostatic cells, type I is 
expressed by other tissues, such as skin and liver. 
Deficiency of type II but not type I severely impeded the 
prostate gland development in human and to a lesser 
extent in rats (Imperato-Mcginley and Zhu 2002, Carson 
and Rittmaster 2003, Mahendroo et al. 2001). Therefore, 
inhibitors of 5α-reductase, which were used as 
therapeutic agents for the treatment of BPH, resulted in a 
significant reduction in the prostate gland size (Tarter and 
Vaughan 2006, Cohen et al. 1995, Laroque et al. 1995).  
 Androgen exerts its effect on prostate gland 
development through the interaction with androgen 
receptor (AR). AR acts as a transcription factor that 
regulates the expression of androgen response genes that 
are involved in many cellular activities that ranges from 
proliferation to programmed cell death (So et al. 2003). 
AR expression level has been shown to increase in close 
association with the continuous growth of the dorsal and 
lateral lobes of the prostate gland in some rat strains 
which develop an age-dependent spontaneous hyperplasia 
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(Banerjee et al. 2001). In contrast, AR expression level 
has been shown to decrease in the ventral lobe of the 
gland, which exhibited age-dependent growth senescence 
(Banerjee et al. 2001). Androgen removal studies in rats 
also revealed a rapid regression of the ventral lobe of the 
prostate gland by inducing epithelial cell apoptosis 
(Perlman et al. 1999, Banerjee et al. 2000, Banerjee et al. 
2002) but not in the dorsolateral lobes (Banerjee et al. 
2002). In addition, AR expression has been shown to be 
associated with cell proliferation and survival of prostate 
cancer and it might contribute to prostate cancer 
progression (Amirghofran et al. 2004). These results 
demonstrate clearly the importance of androgen receptor 
expression level in regulating the rates of prostate gland 
growth and senescence.  
 Dogs are known to develop an age-dependent 
spontaneous prostate hyperplasia (Brendler et al. 1983). 
Although this process is androgen-dependent, the 
expression of genes that are involved in the regulation of 
androgen action, such as AR receptor and 5α-reductase, 
are not well established. Therefore, this study was 
designed to compare the mRNA expression levels of AR 
and 5α-reductase (Type II) genes by the prostate gland in 
immature, young and aged dogs.  
 To conduct this experiment, twelve male dogs 
were divided into three age groups: immature, young-
adult and old-adult dogs. Each group had 4 dogs. The 
immature dogs were about 1 month of age, the young 
dogs were about two years old, and the old dogs were 
between 6-8 years of age. After the dogs were euthanized 
by intravenous injection of 10 % thiopentone sodium, the 
prostate glands were removed and stored in liquid 
nitrogen for subsequent RT-PCR analysis. The protocol 
of animal handling and euthanasia were approved by the 
Jordan University of Science and Technology Animal 
Care and Use Committee (JUST-ACUC). 
 Total RNA was extracted from the frozen 
prostate gland using an SV Total RNA isolation kit 
(Promega Corporation, Madison, WI, USA). The RNA 
concentration was determined by measuring the 
absorbance at 260 nm using SmartSpecTM Plus spectro-
photometer (Bio-Rad, Hercules, CA, USA). 0.5 μg of 
total RNA was used to synthesize a complementary DNA 
(cDNA) using the reverse transcription kit (Promega 
Corporation, Madison, WI, USA). The RT reaction was 
carried out at 25 ˚C for 5 min followed by 42 ˚C for 
60 min and then at 95 ˚C for 5 min. The samples were 
then placed on ice for 5 min and stored at –20 ˚C for PCR 
amplification.  

 Real time PCR analysis was performed using a 
commercial PCR kit containing sybergreen florescent dye 
(QuantiTectTM SYBR® Green; Qiagen, Valencia, CA, 
USA) in the presence of 2 μM of specific primers. The 
primers were designed to be specific for the canine 
sequence using the web-based QuantiProb Design 
software (QuantiTec Cuatom Assays, www.qiagen.com). 
The forward sequence for the primer used for androgen 
receptors was GAG GTA GTA TCA GAA GGT AG and 
the reverse primer was CTG TCC GAG ATG GTC GAA. 
The forward primer for 5α-reductase type II was ACT 
CAT TGC TCA CTA GAG G and the reverse primer was 
CTC AGC GCA GTA AAT CAG A. The forward 
sequence for glycerolaldehyde-3-phosphate dehydro-
genase (GAPDH) primer was CTG GAG AAA GCT 
GCC AAA and the reverse primer was TGT TGA AGT 
CAC AGG AGA. The PCR amplification reactions were 
started with an initial denaturation at 95 ˚C for 15 min, 
followed by 45 cycles each composed of denaturation at 
95 ˚C for 30 s, annealing at 55 ˚C for 30 s and extension 
at 72 ˚C for 30 s. At the end of the 45 cycles the melting 
curve for the reactions was performed at temperatures 
ranging from 72 ˚C to 95 ˚C.  
 Relative mRNA gene expression was determined 
using the 2-ΔΔCT method and normalized to GAPDH 
expression (Livak and Schmittgen 2001). One-way 
analysis of variance (ANOVA) of mRNA expression was 
performed using Minitab software (Minitab Inc.,State 
College, PA, USA). The results were presented as the 
mean ± S.E.M. A probability of less than 0.05 (P<0.05) 
was considered statistically significant. The mRNA 
expression of each gene was twice analyzed from 
different pools of total RNA.  
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Fig. 1. Relative mRNA expression of 5α-reductase type II by the 
prostate gland from immature, young-adult dogs and old-adult 
dogs. Each bar represents the mean ± S.E.M. of 4 dogs. Bars 
with different letters represent means that are significantly 
different (P<0.001).  
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 The results of this study revealed a differential 
mRNA expression of AR and 5α-reductase type II genes 
by the prostate gland obtained from immature, young and 
old dogs. As shown in Figure 1, there is a highly 
(P<0.001) significant reduction in 5α-reductase mRNA 
expression by the prostate gland from young and old dogs 
as compared with its expression in prostates of immature 
dogs. However, there is no significant difference in  
5α-reductase mRNA expression between young and old 
prostate glands. It has been shown that inhibition of  
5α-reductase resulted in a significant decrease of prostate 
gland volume probably by inducing prostatic cell 
apoptosis (Laroque et al. 1995, Steers 2001). This 
reduction in the prostate gland size correlated well with a 
decrease in DHT and the concomitant increase in 
testosterone level (Cohen et al. 1995), indicating that 
DHT rather than testosterone plays a key permissive role 
in the prostate gland growth and development. It has been 
shown that the physiological concentration of 
testosterone is higher in adults as compared to immature 
dogs (Brendler et al. 1983, Mialot et al. 1988). Therefore, 
the present results emphasized the importance of 5α-
reductase as a rate limiting step for the reduction of the 
effective concentration of testosterone within the prostate 
gland in young and old dogs and thus should reduce the 
prostate gland growth. Surprisingly, the canine prostate 
gland continued its post-maturation growth (Brendler et 
al. 1983) despite this highly significant inhibition of  
5α-reductase. One possible explanation for this 
discrepancy might be due to the fact that DHT is an 
immediate precursor for 3βAdiol which interact with 
estrogen receptor β (ERβ) and acts as a negative regulator 
of prostate gland growth. Therefore, the inhibition of 5α-
reductase would also prevent the formation of 3βAdiol 
and, by doing so, would remove the growth-limiting 

effect of ERβ (Weihua et al. 2002).  
 In contrast to the expression of 5α-reductase, 
there is no significant difference in AR mRNA 
expression by prostate gland of immature, young and old 
dogs (Fig. 2). Androgen receptor expression has been 
shown to vary in an age- and species-dependent manner. 
Although AR expression by the ventral lobes of rat 
prostate shows an age-dependent decrease (Banerjee et 
al. 2001, Prins et al. 1996), its expression level by young 
adult and old dogs remained either unchanged (Prins et 
al. 1996) or increased with age (Niu et al. 2003). This 
age-dependent and species-specific variation in AR 
receptor expression appeared to parallel the inherent 
differential character of age-dependent growth and 
senescence of the prostate in rats and dogs. While the rat 
prostate gland growth ceases after maturity, the dog 
prostate continues to grow as the animal gets older. 
However, in some rat strains when there is a tendency of 
the dorsal and lateral lobes of the rat prostate gland to 
continue its development beyond the mature state, there is 
a parallel increase in AR expression (Banerjee et al. 
2001). Interestingly, the spontaneous and age-dependent 
development of prostate hyperplasia has been shown to 
occur despite the decrease of serum testosterone level 
(Banerjee et al. 1998). Therefore, the increment of AR 
expression might act to enhance the responsiveness of 
prostatic cells to androgen stimulation and to compensate 
for its decline. As the dogs are known to develop an age-
dependent benign prostate hyperplasia, then the 
consistent expression level of AR by the dog prostate 
gland from different ages might be, at least in part, 
involved in its continuous growth.  
 In conclusion, the results presented herein 
demonstrated that the expression level of AR is consistent 
with the expected age-dependent continuous growth of 
the prostate gland. The transition of the prostate gland 
from immature to mature required a dramatic down-
regulation in 5α-reductase expression. Nevertheless,  its 
steady-state expression is required for the post-maturation 
growth.  
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Fig. 2. Relative mRNA expression of androgen receptor by the
prostate gland from immature, young-adult and old-adult dogs. 
Each bar represents the mean ± S.E.M. of 4 dogs. There were no
significant statistical differences between groups (P>0.05). 
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