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ABSTRACT. Canine prostate cancer (cPCa) is an untreatable malignant neoplasm resulting in local 
tissue invasion and distant metastasis. MicroRNAs (miRs) are small non-coding RNAs that function 
as oncogenes or tumor suppressors. The purpose of this study was to characterize the expression 
of miRs that are altered in cPCa tissue. The expression levels of 277 mature miRs in prostatic 
tissue (n=5, respectively) were compared between the non-tumor and tumor groups using real-
time PCR. Five miRs (miR-18a, 95, 221, 222 and 330) were up-regulated, but 14 miRs (miR-127, 
148a, 205, 299, 329b, 335, 376a, 376c, 379, 380, 381, 411, 487b and 495) were down-regulated 
specifically in cPCa (P<0.05). These miRs have potential use as early diagnosis markers for cPCa and 
in miR-based therapy.
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Canine prostate cancer (cPCa) is a malignant neoplasm that causes local invasion of surrounding tissue and early metastasis 
to the lymph node, lung and bone [4, 18, 29]. The incidence of cPCa is 0.2−0.6%, which is lower than found in humans [4, 22]. 
Most cases of cPCa are characterized histopathologically as prostatic adenocarcinoma or transitional cell tumor [17]. Androgens 
contribute to the development of human PCa (hPCa); however, it has been reported that the etiology of cPCa may not be related 
to androgens [22], which is supported by an immunohistochemical study showing that most cPCa originates from the ductal or 
urothelial epithelium in an androgen-independent process [26]. In fact, the risk of cPCa in castrated dogs was increased compared 
with that in intact dogs [16]. Currently, there is no effective therapy for cPCa.

Mature microRNAs (miRs) are small, single-stranded, noncoding RNAs approximately 18−25 nucleotides in length that bind 
to the 3′-untranslated region of target messenger RNAs (mRNAs) and regulate protein expression via mRNA degradation or 
translational repression [1, 7, 27]. MiRs play an important role in biological phenomena, such as development, differentiation, 
proliferation, cell migration and apoptosis [2, 31]. The deregulation of miR expression is involved in tumorigenesis, and some 
miRs are known to act as oncogenes or tumor-suppressor genes [2]. Several miRs are up- or down-regulated in hPCa tissue during 
pathogenesis, and miRs have great potential as diagnostic or prognostic biomarkers and novel therapeutic targets in PCa [24]. 
However, the change of miR expression in cPCa tissue has not been elucidated.
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In this study, quantitative real-time PCR was employed to investigate the expression levels of 277 miRs in canine non-tumor 
prostatic tissue and prostatic adenocarcinoma tissue to identify miRs associated with the pathological process in this type of cancer.

Tissue from two intact healthy male dogs, two intact male dogs with benign prostatic hyperplasia (BPH) that showed mild 
dysuria and dyschezia, and one castrated dog with moderate chronic prostatitis was used for the non-tumor group, and tissue 
from five castrated male dogs with pathologically diagnosed prostatic adenocarcinoma was used for the tumor group (Table 1). 
All prostate biopsies were performed under general anesthesia. The animal study was approved by the Animal Care and Use 
Committee of Nippon Veterinary and Life Science University (approval no. 26S-9).

Tissue samples were homogenized in QIAzol Lysis Reagent (QIAGEN, Frederick, MD, U.S.A.) and total RNA was extracted, 
and reverse transcribed using the miRNeasy Mini Kit and miScript II RT Kit (QIAGEN). To profile mature miRs, real-time PCR 
was performed using a canine miRNome miScript miRNA PCR Array and miScript SYBR Green PCR Kit (QIAGEN). This array 
analyzes 277 mature miRs and six control RNAs (SNORD61, SNORD68, SNORD72, SNORD95, SNORD96A and RNU6-2). A 
thermal cycler (Applied Biosystems, Foster City, CA, U.S.A.) was used with the following real-time PCR run protocol: 95°C for 
15 min for activation of the DNA polymerase and 40 amplification and quantification cycles (94°C for 15 sec, 55°C for 30 sec and 
70°C for 34 sec) with fluorescence data collection. The threshold cycle number (Ct) was recorded automatically by setting baseline 
and threshold levels. The level of miR expression was calculated using the 2-ΔΔCt method. Data (CtmiR) were normalized by 
averaging the Ct value of six control RNAs (Ctcontrol) using the formula: ΔCt=CtmiR−Ctcontrol. To evaluate the relative change in miR 
expression between tumor and non-tumor tissue, the following formula was used: ΔΔCt=ΔCttumor−ΔCtnon-tumor; 2-ΔCt was calculated 
and used to plot miR expression. The unpaired Student’s t-test was used to compare miR expression, and a P-value <0.05 was 
considered statistically significant.

We identified the expression levels of miRs that significantly increased or decreased by more than 4-fold in cPCa tissue 
compared with their expression in non-tumor prostatic tissue (Figs. 1–3). Five miRs (miR-18a, 95, 221, 222 and 330) were 
significantly up-regulated in cPCa tissue in comparison with non-tumor prostatic tissue (13.3-fold, P=0.008; 4.9-fold, P=0.008; 
9.3-fold, P=0.040; 5.9-fold, P=0.015 and 26.0-fold, P=0.008, respectively) (Fig. 1). The expression level of miR-146a was also 
higher in cPCa tissue than in non-tumor tissue (8.5-fold, P=0.032), but miR-146a expression in the dog with prostatitis was up-
regulated to the same level as that in the tumor group (Fig. 3A). Conversely, 14 miRs (miR-127, 148a, 205, 299, 329b, 335, 376a, 
376c, 379, 380, 381, 411, 487b and 495) were significantly down-regulated in cPCa tissue compared with non-tumor prostatic 
tissue (5.5-fold, P=0.003; 6.7-fold, P=0.001; 4.0-fold, P=0.005; 7.1-fold, P=0.001; 4.6-fold, P=0.002; 5.4-fold, P=0.001; 7.1-fold, 
P=0.005; 8.9-fold, P=0.005; 4.4-fold, P=0.016; 4.7-fold, P=0.006; 6.8-fold, P=0.003; 5.9-fold, P=0.008; 5.2-fold, P=0.006 and 
5.0-fold, P=0.005, respectively) (Fig. 2). The expression levels of miR-135a-5p, 190a, 375 and 582 were also lower in cPCa tissue 
than in non-tumor tissue (11.2-fold, P=0.020; 5.1-fold, P=0.030; 16.6-fold; P=0.021 and 12.9-fold, P=0.007, respectively), but the 
expression levels of these miRs in prostatitis tissue were equivalent to those found in cPCa (Fig. 3B).

MiRs function as oncogenes or tumor suppressors in many human cancers including PCa, and their level of expression 
influences the development and progression of cancer [3, 32]. The expression of miR-221 and 222 increased in cPCa tissue 
compared with non-tumor tissue. miR-221 and 222, known as onco-miRs, were also up-regulated in hPCa [10, 28], and these miRs 
target p27kit1, which regulates cell cycle progression and promotes cell proliferation [10]. In addition, the expression of miR-221 
and 222 was up-regulated in human androgen-independent PCa (AIPCa) cells compared with androgen-dependent PCa (ADPCa) 
cells and were involved in the development or maintenance of an androgen-independent phenotype [28]. In the present study, all 
cPCa cases had been castrated previously. From these results, the up-regulation of miR-221 and 222 in cPCa may be associated 
with cell proliferation, as found in hPCa. The expression of miR-95 and 18a was higher in cPCa tissue than in non-tumor tissue. 
MiR-95 expression increased in hPCa specimens compared with normal tissue, and miR-95 overexpression resulted in tumor 
growth and the induction of radiation resistance [13]. Radiation therapy has been attempted in cPCa, but its effect was limited [18]. 
One of the reasons for the low radiation sensitivity of cPCa may involve the up-regulation of miR-95 expression. miR-18a was also 

Table 1. Clinical profile of the 10 male dogs used in this study

Case number Breed Sterilization Age (years) Diagnosis Metastasis
Non-tumor group

1 Beagle I 1 Normal −
2 Beagle I 1 Normal −
3 Beagle I 9 BPH −
4 Mixed I 9 BPH −
5 Border collie N 10 Prostatitis −

Tumor group
6 Miniature dachshund N 12 PCa None
7 Russell terrier N 10 PCa Lymph node
8 Miniature dachshund N 9 PCa None
9 Welsh corgi N 9 PCa Lymph node
10 Shetland sheepdog N 12 PCa None

I, intact; N, neutered; BPH, benign prostatic hyperplasia; PCa, prostate cancer (prostatic adenocarcinoma).
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highly expressed in hPCa tissues and cells and induced tumorigenesis [12]; therefore, as found with miR-221 and 222, the elevated 
expression of miR-95 and 18a in cPCa may result in cancer progression and malignant transformation.

The expression of miR-127, 148a, 205, 299, 335, 376a, 376c, 381, 487b and 495 significantly decreased in cPCa tissue 
compared with non-tumor tissue. miR-127 was also found to be down-regulated in hPCa tissue [25]. In addition, a previous 
report indicated that miR-127 was located within a CpG island and was induced by DNA demethylation and histone deacetylase 
inhibition, and a potential target of miR-127 was proto-oncogene B-cell lymphoma 6 [25]. The expression level of miR-148a was 
lower in AIPCa cells than in normal prostatic epithelial cells and ADPCa cells, and this miR inhibited cell growth, cell migration 
and cell invasion and increased sensitivity to the anti-cancer drug paclitaxel [9]. Overexpression of miR-299 resulted in the down-
regulation of androgen receptor, and the increased expression of androgen receptor has been shown to lead to the development of 
AIPCa cells [6, 23]. Dogs develop PCa regardless of the presence or absence of androgens, and anti-androgenic therapies, such as 
castration or anti-androgen treatment, are not effective against cPCa. In addition, the expression level of miR-335 was decreased in 
various human cancers including PCa [30]. Furthermore, a recent study demonstrated that the expression of miR-205, 376a, 376c, 
381, 487b and 495 was lower in hPCa metastatic cells than in normal prostatic epithelial cells, and lower miR levels correlated 
with higher metastatic incidence or prostate-specific antigen levels [8, 15]. In particular, miR-205 acts as a tumor suppressor in 
canine malignant melanoma and regulated epithelial-to-mesenchymal transition [11, 21]. Our results on cPCa and the previous 
reports on hPCa show that these miRs may act as candidate tumor suppressors in cPCa. Although the expression of miR-329b, 

Fig. 1. Scatter plots of up-regulated miRs in cPCa tis-
sue (n=5) compared with non-tumor prostatic tissue 
(n=5). The expression levels of various miRs were 
measured using real-time PCR, and the 2-ΔCt levels of 
individual samples were normalized using an average 
Ct value of 6 control RNAs. The expression levels 
of five miRs were significantly increased (more than 
4-fold) in prostatic tissue from cPCa compared with 
non-tumor dogs. Open circles, gray circles, closed 
circles and closed squares denote normal, BPH, 
prostatitis and cPCa tissue, respectively. Results are 
expressed as mean ± standard error (SE). *P<0.05, 
**P<0.01 (unpaired t-test).
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Fig. 2. Scatter plots of down-regulated miRs in cPCa tissue (n=5) compared with non-tumor prostatic tissue (n=5). The 
expression levels (2-ΔCt) of various miRs were calculated using the same method as detailed in Fig. 1, and those of 14 
miRs of prostatic tissue were significantly decreased (more than 4-fold) in cPCa compared with non-tumor dogs. Open 
circles, gray circles, closed circles and closed squares denote normal, BPH, prostatitis and cPCa tissue, respectively. 
Results are expressed as mean ± SE. *P<0.05, **P<0.01, ***P<0.001 (unpaired t-test).



MICRORNA LEVELS IN CANINE PROSTATE CANCER

723doi: 10.1292/jvms.16-0279

330, 379, 380 and 411 was altered in cPCa, there are few reports regarding their role in tumorigenesis; however, it is possible that 
their altered expression is specific to cPCa. In particular, recent studies have indicated that miR-330 expression is up-regulated in 
human non-small-cell lung cancer and miR-330 controls cell proliferation [19]. Furthermore, our results show that the expression 
levels of miR-146a, 135a-5p, 190a, 375 and 582 are higher or lower in cPCa and also prostatitis tissue than in normal and BPH 
tissue. Histological specimens of prostate cancer tissue frequently show inflammation and inflammation-associated lesions in 
association with the tumor [5]. In fact, it is reported that the change of miR-146a or 375 expression levels was a response to 
immunoinflammatory molecules, such as IL-1β or IL-13 [14, 20]; therefore, it is presumed that the alteration of the expression 
levels of miRs is a result of inflammation rather than tumor.

In conclusion, the present study profiled miR expression in cPCa for the first time. Five miRs (miR-18a, 95, 221, 222 and 330) 
were up-regulated, but 14 miRs (miR-127, 148a, 205, 299, 329b, 335, 376a, 376c, 379, 380, 381, 411, 487b and 495) were down-
regulated in cPCa. Further studies are required to determine the specific role of these miRs in cPCa and to clarify the influence of 
prostatic disease, such as BPH and prostatitis, and aging on miR expression, but our data suggest that these miRs have diagnostic 
and miR-based therapeutic potential in cPCa.

Fig. 2. continued
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Fig. 3. Scatter plots of miRs up-regulated or down-regulated at the same level between the dog with prostatitis 
and the tumor group. The expression levels (2-ΔCt) of various miRs were calculated using the same method 
as detailed in Figs. 1 and 2. (A) The expression level of one miR (miR-146a) was up-regulated (more than 
4-fold) in prostatic tissue from cPCa compared with non-tumor dogs, but miR-146a was up-regulated to 
the same level in the dog with prostatitis and in the tumor group. (B) The expression levels of four miRs 
(miR-135a-5p, 190a, 375 and 582) were down-regulated (more than 4-fold) in prostatic tissue from cPCa 
compared with non-tumor dogs, but those of miR-135a-5p, 190a, 375 and 582 were down-regulated to the 
same level as in the tumor group. Open circles, gray circles, closed circles and closed squares indicate nor-
mal, BPH, prostatitis and cPCa tissue, respectively. Results are expressed as mean ± SE. *P<0.05, **P<0.01 
(unpaired t-test).
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