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miR-21, miR-221 and miR-222 expression and prostate
cancer recurrence among obese and non-obese cases

Ernest K Amankwah', Evelyn Anegbel, Hyun Park’, Julio Pow-Sangz, Ardeshir Hakam?® and Jong Y Park’

Recent evidence shows that certain microRNAs (miRNAs) play arole in both obesity and prostate cancer recurrence, but the association
between the expression of these miRNAs and obesity in prostate cancer recurrence is unknown. In this study, we examined the effect of
the interaction between obesity and miR-21, miR-221 or miR-222 expression on prostate cancer recurrence among 28 recurrent and
37 non-recurrent prostate cancer cases. miRNA expression was determined using quantitative real-time polymerase chain reaction.
Cox proportional hazard models adjusting for age at diagnosis, clinical stage and Gleason score were used to estimate hazard ratios (HR)
and 95% confidence intervals (95% CI) for recurrence free survival. A significantly (P=0.014) higher proportion of recurrent cases
(78.6%) than non-recurrent cases (48.6%) had a low expression of miR-21 and the difference was more prominent in obese than

non-obese patients. Multivariate analysis showed that the expression of miR-21 was an independent risk factor for recurrence in obese
(HR=6.15, 95% CI=1.04-36.48, P=0.045), but not in non-obese (HR=1.28, 95% C1=0.30-5.49, P=0.74) cases. A significant
association with recurrence was not observed for the expression of miR-221 and miR-222. In summary, our findings show that miR-21
is associated with prostate cancer recurrence after radical prostatectomy and suggest that the differential expression of miR-21 is more
prominent in obese than in non-obese cases. Future larger studies are warranted to confirm these initial findings and to elucidate the

mechanisms involved.
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INTRODUCTION

Prostate cancer is the most common non-skin malignancy among men
in the United States. An estimated 241 740 new cases and 28 170 deaths
related to prostate cancer are expected in 2012." The majority (>80%)
of prostate cancer patients are diagnosed at an early stage when the
disease is confined to the prostate.” Radical prostatectomy (RP) is
the treatment of reference for organ-confined prostate tumors.
Unfortunately, about 30% of patients who undergo RP develop tumor
recurrence within 10 years post-surgery.” Currently, the level of pro-
state-specific antigen, clinical stage and the grade of tumor (Gleason
score) are used to estimate prognosis and inform treatment modali-
ties. Although these features are extremely useful in predicting recur-
rence, they do not account for the varied interindividual outcomes
associated with RP. Therefore, biomarkers are needed to supplement
clinical and pathological observations to identify patients at greatest
risk of developing recurrence after RP.

Expression profiling studies have shown the critical role of
microRNAs (miRNAs) in prostate cancer.* However, little is known
about miRNA expression and prostate cancer recurrence. To date,
only a few studies have investigated miRNA expression and prostate
cancer recurrence after radical prostatectomy”'® and these studies
suggest that miRNAs, including miR-21, miR-221 and miR-222, are
potential prognostic markers for recurrence. These same three
miRNAs have also been implicated in obesity."" Since obesity is an

important predictor for prostate cancer recurrence,'? it may modify
the association between miRNA expression and prostate cancer recur-
rence. To date, no study has examined the modifying effect of obesity
on the association between miRNA expression and prostate cancer
recurrence.

In this study, we evaluated the associations between prostate cancer
recurrence and the expression of miR-21, miR-221 and miR-222 in
tumor samples from 37 non-recurrent and 28 recurrent prostate can-
cer patients that were treated with radical prostatectomy at the Moffitt
Cancer Center. We then examined whether these associations were
modified by obesity.

MATERIALS AND METHODS

Study population

The study included oversampled 28 recurrent and 37 non-recurrent
prostate cancer cases, which were histologically confirmed. Parti-
cipants were treated with radical prostatectomy at the Moffitt
Cancer Center (Tampa, FL, USA) between 1987 and 2005 and fol-
lowed up till 2011. Patients’ demographic and clinical information,
such as age at diagnosis, body mass index (BMI), clinical stage,
Gleason grade, follow-up and recurrence status were obtained from
the Moffitt Cancer Registry and medical chart reviews. We investi-
gated two outcomes in this study: recurrence and aggressiveness. A
recurrent case was defined by either an elevated prostate-specific
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antigen level (0.2 ng ml™") after surgical treatment, clinical meta-
stasis or disease specific death. Patients with Gleason scores >7 or
stage >1IIT were considered to have aggressive prostate cancer. All
other patients were categorized as non-aggressive. BMI was catego-
rized as <30kg m~ % (non-obese) and >30 kg m~ 2 (obese). The study
protocol was approved by the Institutional Review Board of the
University of South Florida (Tampa, FL, USA).

Tumor samples and RNA extraction

Total RNA was extracted from formalin-fixed paraffin embedded tis-
sue blocks obtained from the Tissue Core Facility at the Moffitt Cancer
Center. The study pathologist (Ardeshir Hakam) screened haematox-
ylin and eosin stained slides of tissue blocks, selected blocks with high
prostate tumor content and marked tumor areas on haematoxylin and
eosin slides. RNA was then extracted from macrodissected 10 pm thick
unstained tumor tissue sections (with >80% tumor content) of the
same formalin-fixed paraffin embedded block, based on marked hae-
matoxylin and eosin slides. miRNeasy formalin-fixed paraffin embed-
ded total RNA isolation kit (Qiagen, CA, USA) was used for RNA
extraction. Extraction was performed according to the manufacturer’s
recommendations and total RNA was quantified using nanodrop
spectrophotometer.

Quantitative real-time polymerase chain reaction (PCR)

miRNA expression was quantified in tissue samples with TagMan
microRNA reverse transcription and assay kits (Applied Biosystems,
CA, USA) on an Applied Biosystems 7900HT real-time PCR following
the manufacturer’s instructions. Briefly, synthesis of complimentary
DNA was performed using 10 ng RNA in a total of 15 pl reaction. For
the quantitative PCR, 0.665 pl reverse transcribed reaction was used in
10 pl reactions and quantitative PCR was performed in MircoAmp fast
optical 384-well reaction plate with barcode (Applied Biosystems).
miRNA-specific reactions, as well as reactions for U6 small nuclear
2 RNA (RNU6B), which was an internal control,’*!* were run for all
the samples. Fluorescence from the binding of miRNA-specific and
internal control probes to amplification products was measured dur-
ing the PCR. SDS software (v 2.3; Applied Biosystems) was used to
identify cycle threshold (Ct) values and Ct values >35 were consi-
dered as undetermined.

Statistical analysis

The expression ACt value for each sample was calculated by
normalizing the Ct value for each miRNA with RNU6B (ACt=
ACtnirna—ACtrnus). ACt values were dichotomized as low/high
expression using the median value in the non-recurrent cases as the
cutoff point.'® The proportions of recurrent and non-recurrent cases
with low or high expression of each miRNA were compared using chi-
squared test or the Fisher’s exact test when some of the cells had
expected counts of less than five. Similar analyses stratified on BMI
(<30kg m~ 2 (non-obese) and >30 kg m~ 2 (obese)) were performed.
To determine whether miRNA expression was associated with time to
recurrence, we used Kaplan—Meier curves based on the median
miRNA expression and a comparison between the curves was deter-
mined using the log rank test. Cox proportional hazard models adjust-
ing for age at diagnosis (continuous), stage (1 and 2 vs 3 and 4) and
Gleason score (<7 vs >7) were used to estimate hazard ratios (HR)
and 95% confidence intervals (95% CI) for recurrence free survival.
Recurrence free survival was defined as the time from surgery date to
first documentation of prostate cancer recurrence or prostate cancer
specific-death. Logistic regression models were used to estimate odds

Table 1 Demographics and clinical characteristics of study partici-
pants

No recurrence Recurrence
(n=37) (n=28)

Median age at diagnosis (range), year 59 (47-75) 57 (46-75)
BMI, n (%)

<30kgm™2 29 (78.4) 16 (57.1)

>30 kgm~? 8(21.6) 12 (42.9)
Stage, n (%)

land 2 25 (67.6) 17 (60.7)

3and 4 7(18.9) 10(35.7)

Missing 5(13.5) 1(3.6)
Gleason, n (%)

<7 20 (54.1) 8(28.6)

=7 13(35.1) 15 (53.6)

Missing 4(10.8) 5(17.8)

Median time to recurrence (month) — 50.9 (2.7-114.5)
Median follow-up duration (month) 95.1 (9.1-254.3) —

Abbreviation: BMI, body mass index.

ratios (OR) and 95% CI for the association between miRNA express-
ion and aggressive prostate cancer. All statistical analyses were per-
formed using SAS v 9.2 (SAS institute, Cary, NC, USA) and P<0.05
was considered statistically significant.

RESULTS

The characteristics of the study participants are summarized in
Table 1. The median age of non-recurrent (59 years) and recurrent
(57 years) patients were similar. As expected, a higher proportion of
recurrent than non-recurrent cases was obese (BMI>30 kg m~?), or
diagnosed with late stage (stages 3 and 4) and higher grade (Gleason
score >7) tumors. Among recurrent cases the median time to recur-
rence was 50.9 months and for the non-recurrent cases the median
follow-up time was 95.1 months.

Table 2 shows the proportion of non-recurrent and recurrent cases
that had low or high expression of miRNAs. The proportion of recur-
rent cases (78.6%) that showed low expression of miR-21 was signifi-
cantly higher than that of non-recurrent cases (48.6%) (P=0.014).
Expression analyses stratified by BMI (non-obese <30 kg m™~? and
obese >30 kg m ™) revealed that the differential expression observed
for miR-21 was more prominent in obese than in non-obese cases.
Among obese patients, the proportion of recurrent cases (83.3%) with
low expression of miR-21 was significantly (P=0.019) higher than that
of non-recurrent cases (25.0%). A significant difference was not
observed in the non-obese group for miR-21 or for the expression
of miR-221 and miR-222 for all subjects or stratified by BMI (Table 2).

Kaplan—Meier survival analysis showed a significant increased
recurrence (log-rank P<<0.0001) in patients with decreased expression
of miR-21 (Figure 1), but not for miR-221 (log-rank P=0.57) or
miR-222 (log-rank P=0.24). Age-adjusted Cox regression analysis
revealed that cases with a lower expression (compared to those with
a higher expression) of miR-21 had an increased risk of recurrence
(HR=3.31, 95% CI=1.32-8.34, P=0.011) that was more prominent
in obese (HR=5.40, 95% CI=1.16-25.10, P=0.031) than non-obese
(HR=2.26, 95% CI=0.69-734, P=0.18) cases (Table 3). Additional
adjustment for stage and Gleason score showed that the expression of
miR-21 was an independent risk factor for recurrence in only obese
patients (HR=6.15, 95% CI=1.04-36.48, P=0.045). No statistically
significant association with recurrence was observed for the expression
of miR-221 and miR-222 in the multivariate analysis (Table 3).
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Table 2 miR-21, miR-221 and miR-222 expression, prostate cancer recurrence and aggressiveness by body mass index

Non-recurrent Recurrent Non-aggressive N=27) Aggressive (N=38)
miRNA/obesity Expression n (%) n (%) P n (%) n (%) P
miR-21
All cases Low 18 (48.6) 22 (78.6) 0.014 16 (59.3) 24 (63.2) 0.75
High 19 (51.4) 6(21.4) 11 (40.7) 14 (36.8)
Non-obese Low 16 (55.2) 12 (75.0) 0.22 12 (60.0) 16 (64.0) 0.78
High 13 (44.8) 4 (25.0) 8(40.0) 9(36.0)
Obese Low 2(25.0) 10(83.3) 0.019 4(57.1) 8(61.5) 1.00
High 6 (75.0) 2(16.7) 3(42.9) 5(38.5)
miR-221
All cases Low 23 (60.5) 12 (48.0) 0.33 14 (51.9) 21 (58.3) 0.61
High 15(39.5) 13 (52.0) 13 (48.2) 15(41.7)
Non-obese Low 16 (53.3) 5(35.7) 0.28 9 (45.0) 12 (50.0) 0.74
High 14 (46.7) 9(64.3) 11 (55.0) 12 (50.0)
Obese Low 7(87.5) 7 (63.6) 0.34 5(71.4) 9(75.0) 1.00
High 1(12.5) 4(36.4) 2(28.6) 3(25.0)
miR-222
All cases Low 24 (66.7) 12 (50.0) 0.20 13 (52.0) 23 (65.7) 0.29
High 12 (33.3) 12 (50.0) 12 (48.0) 12 (34.3)
Non-obese Low 17 (60.7) 5(35.7) 0.13 9(47.4) 13 (56.5) 0.55
High 11 (39.3) 9(64.3) 10 (52.6) 10 (43.5)
Obese Low 7(87.5) 3(30.0) 0.59 4(66.7) 10 (83.3) 0.57
High 1(12.5) 7 (70.0) 2(33.3) 2(16.7)

We did not observe a significant association between miRNA
expression and aggressive prostate cancer (Tables 2 and 3).

DISCUSSION

In this study, we evaluated the associations between prostate cancer
recurrence and the expression of miR-21, miR-221 and miR-222; and
then examined whether the associations were modified by obesity. We
observed an association between miR-21 expression and prostate
cancer recurrence and report for the first time that the association
between miR-21 expression and prostate cancer recurrence is more
prominent in obese than non-obese cases.

Differential expression of miR-21 has been reported in several can-
cers, including prostate cancer, and has been associated with aggres-
sive disease or outcome in prostate cancer. Li et al.'® recently showed
that differential expression of miR-21 was associated with recurrence-
free survival in prostate cancer patients treated with radical prosta-
tectomy. Furthermore, miR-21 is differentially expressed in castration
resistant prostate cancer compared with benign prostate hyperpla-
sia.’” Recently, Zhang et al.'® observed higher levels of miR-21 in
patients with androgen dependent prostate cancer compared to
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Figure 1 Kaplan-Meier plot for miR-21 expression and prostate cancer recur-
rence for all patients.
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hormone refractory patients (especially in those resistant to doce-
taxel-based chemotherapy) and suggested that miR-21 may be a mar-
ker for the transition to hormone refractory disease and a potential
predictor for response to therapy in prostate cancer patients. Elevated
plasma levels of miR-21 has been associated with aggressive prostate
cancer'® and serum levels of miR-21 are elevated in hormone re-
fractory prostate cancer patients compared to patients with benign
prostatic hyperplasia.”® Additionally, miR-21 expression levels are
elevated in prostate tumor tissue compared to adjacent normal
tissue.2"*> However, our study showed that low expression of
miR-21 was associated with poor recurrence free survival and we
did not confirm a positive association between miR-21 expression
and aggressive prostate cancer. The discrepancy in our findings com-
pared to the study by Li et al.'® that showed an association between a
high expression of miR-21 and poor recurrence-free survival may
potentially be attributed to the different proportions of obese cases
in the studies. Due to the strong positive association between miRNA
expression and prostate cancer recurrence observed in our study, it is
plausible that a high proportion of obese cases in a study may show a
positive association in the overall cases. Unfortunately, data on the
proportion of obese cases in the study by Li et al.'® was not available.

Obesity is an important predictor for prostate cancer recurrence and
a recent meta-analysis including 11 studies and over 4000 cases that
developed recurrence after radical prostatectomy showed an increased
risk (OR=1.25, 95% CI=1.12-1.40) of recurrence associated with
higher BML'? Emerging evidence suggests miRNAs play a key role
in the pathological development of obesity by affecting adipogenesis,
which contribute to increased adipose tissue mass in obesity.* >
Several miRNAs have been identified that affect adipogenesis by tar-
geting adipogenesis regulators such as PPARy and C/EBPa'"*7*® and
perturbations in this regulation is linked to obesity.”” miR-21 is upre-
gulated in subcutaneous adipose tissue in human obesity and positively
correlated with BML>® Kim et al’! showed that miR-21 controls the
adipogenic differentiation of human adipose tissue-derived mesen-
chymal stem cells and the same group recently showed that the expres-
sion of miR-21 in white adipose tissues in an obesity-induced mouse



miRNA and prostate cancer recurrence by obesity status
EK Amankwah et al

229

Table 3 Association of miR-21, miR-221 and miR-222 expression with prostate cancer recurrence free survival and aggressiveness

Recurrence Aggressiveness
Age adjusted® HR (95% CI) P Multivariate® HR (95% CI) P OR (95% CI) P

miR-21

All cases 3.31(1.32-8.34) 0.011 1.99 (0.70-5.64) 0.20 1.53 (0.52-4.52) 0.45

Non-obese cases 2.26 (0.69-7.34) 0.18 1.28 (0.30-5.49) 0.74 1.80 (0.46-7.00) 0.40

Obese cases 5.40 (1.16-25.10) 0.031 6.15 (1.04-36.48) 0.045 1.20 (0.19-7.78) 0.85
miR-221

All cases 0.71(0.32-1.61) 0.42 0.56 (0.21-1.50) 0.25 1.28 (0.47-3.50) 0.64

Non-obese cases 0.50 (0.15-1.66) 0.26 0.40 (0.09-1.84) 0.24 1.23 (0.37-4.05) 0.74

Obese cases 0.77 (0.23-2.66) 0.68 0.46 (0.10-2.22) 0.33 1.26 (0.15-10.52) 0.83
miR-222

All cases 0.51 (0.22-1.18) 0.12 0.39(0.14-1.15) 0.09 1.62 (0.56-4.74) 0.37

Non-obese cases 0.37 (0.11-1.20) 0.10 0.37 (0.09-1.59) 0.18 1.36 (0.39-4.68) 0.63

Obese cases 0.55(0.12-2.47) 0.44 0.46 (0.07-3.19) 0.44 2.26 (0.22-23.53) 0.50

@ Adjusted for age at diagnosis (continuous).

® Adjusted for age at diagnosis (continuous), Gleason score (<7 vs. >7) and stage (1 and 2 vs. 3 and 4).

model correlated with adipocyte number, suggesting the role of miR-
21 in adipogenesis. In mice fed with a high-fat diet, up-regulation of
miR-21 and miR-222 was observed during the development of obe-
sity.>? Recently, Terao et al.*® reported miR-21 target genes using gene
expression microarrays in combination with a bioinformatic approach.
Among 481 potential target genes identified, there were genes involved
in the adipogenesis pathway, such as APOAI, IGFBP4, IGF2 and
APOM. Interestingly, some of these genes are also involved in prostate
cancer progression. For example, in vivo studies have shown that over-
expression of IGFBP4 decreases the growth of prostate cancer.>* The
expression of IGF axis, including IGF2, is enhanced during normal
prostate epithelial differentiation® and aberrant expression of IGF2
has recently been suggested as an early event that contributes to pro-
state cancer progression.

The mechanism linking obesity, miRNA expression and prostate
cancer recurrence is not completely understood. However, based on
the existing literature, it is plausible that expression of miR-21 in obese
prostate cancer patients may influence the expression of angiogenesis
factors, such as HIF-1a and VEGF, which are associated with prostate
cancer progression. Recent in vitro studies show that overexpression of
miR-21 in a prostate cancer cell line (DU145) increased expression of
HIF-1o and VEGF.”

This study has limitations. The study included a small sample size
and the results need to be interpreted with caution. In addition, the
study included only Caucasians and we could not determine if the
observed associations differ by ethnicity. Future larger studies includ-
ing populations of other ethnicities are therefore warranted to confirm
these findings and to determine ethnic differences. Furthermore, data
on the gene expression profiles of our study participants were not
available to correlate miRNA to target mRNA. Studies including both
miRNA and mRNA expression on prostate cancer recurrence are
required to investigate this correlation.

In summary, our findings suggest that miR-21 is associated with
prostate cancer recurrence after radical prostatectomy and show for
the first time that the differential expression is more pronounced in
obese than non-obese cases. Future studies are warranted to confirm
these initial findings and to elucidate the mechanisms involved.
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